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In  Mr.  Peacock's  paper,  p.  240  (Trans,  of  Sections) ;  — 
In  second  paragraph,  line  2,  drtc  and. 
In  line  5  of  same  paragraph,  for  S  read  2. 
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Page  352  (Reports),  line  8  from  bottom,  fo r  J ,.(»,—  i%7r-H<V  •  •  •  )  rc«d  J  (»',  — 01  TT 

+V  .  .  .  )• 
„    108  (Trans,  of  Sections),  line  27,  for  -radiufus  read  rculi'dns. 


OBJECTS    AND     RULES 


THE  ASSOCIATION. 


OBJECTS. 

THE  ASSOCIATION  contemplates  no  interference  with  the  ground  occupied  by 
other  institutions.  Its  objects  are  : — To  give  a  stronger  impulse  and  a  more 
systematic  direction  to  scientiiic  inquiry, — to  promote  the  intercourse  of  those 
who  cultivate  Science  in  different  parts  of  the  British  Empire,  with  one  an- 
other and  with  foreign  philosophers, — to  obtain  a  more  general  attention  to 
the  objects  of  Science,  and  a  removal  of  any  disadvantages  of  a  public  land 
which  impede  its  progress. 

11  U  L  E  S. 

Admission  of  Members  and  Associates. 

All  persons  who  have  attended  the  first  Meeting  shall  bo  entitled  to  bo- 
came  Members  of  the  Association,  upon  subscribing  an  obligation  to  con- 
form to  its  Rules. 

Tho  Fellows  and  Members  of  Chartered  Literary  and  Philosophical  So- 
cieties publishing  Transactions,  in  the  British  Empire,  shall  be  entitled,  in 
like  manner,  to  become  Members  of  the  Association. 

Tho  Officers  and  Members  of  the  Councils,  or  Managing  Committees,  of 
Philosophical  Institutions  shall  be  entitled,  in  like  manner,  to  become  Mem- 
bers of  the  Association. 

All  Members  of  a  Philosophical  Institution  recommended  by  its  Council 
or  Managing  Committee  shall  be  entitled,  in  like  manner,  to  become  Mem- 
bers of  the  Association. 

Persons  not  belonging  to  such  Institutions  shall  be  elected  by  the  General 
Committee  or  Council,  to  become  Life  Members  of  the  Association,  Annual 
Subscribers,  or  Associates  for  the  year,  subject  to  the  approval  of  a  General 
Meeting. 

Compositions,  Subscriptions,  and  Privileges. 

LIFE  MKMBHRS  shall  pay,  on  admission,  the  sum  of  Ton  Pounds.     They 
shall  receive  yratuitouslii  the  lleports  of  the  Association  wlftch  niav  be  pub- 
1872.  *b 
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lishcd  after  the  date  of  such  payment.  They  are  eligible  to  all  the  offices 
of  the  Association. 

ANNUAL  SUBSCRIBERS  shall  pay,  on  admission,  the  sum  of  Two  Pounds, 
and  in  each  following  year  the  sum  of  One  Pound.  They  shall  receive 
gratuitously  the  Reports  of  the  Association  for  the  year  of  their  ^  admission 
and  for  the  years  in  which  they  continue  to  pay  without  intermission  their 
Annual  Subscription.  By  omitting  to  pay  this  Subscription  in  any  particu- 
lar year,  Members  of  this  class  (Annual  Subscribers)  lose  for  that  and  all 
future  years  the  privilege  of  receiving  the  volumes  of  the  Association  gratis: 
but  they  may  resume  their  Membership  and  other  privileges  at  any  sub- 
sequent Meeting  of  the  Association,  paying  on  each  such  occasion  the  sum  of 
One  Pound.  They  are  eligible  to  all  11  ic  Offices  of  the  Association. 

ASSOCIATES  for  the  year  shall  pay  on  admission  the  sum  of  One  Pound. 
They  shall  not  receive  gratuitously  the  Reports  of  the  Association,  nor  bo 
eligible  to  serve  on  Committees,  or  to  hold  any  oflice. 

The  Association  consists  of  the  following  classes : — 

1.  Life  Members  admitted  from  1831  to  1845  inclusive,  who  have  paid 
on  admission  Five  Pounds  as  a  composition. 

2.  Life  Members  who  in  1846,  or  in  subsequent  years,  have  paid  on  ad- 
mission Ten  Pounds  as  a  composition. 

3.  Annual  Members  admitted  from  1831  to  1839  inclusive,  subject  to  the 
payment  of  One  Pound  annually.     [May  resume  their  Membership  after  in- 
termission of  Annual  Payment.] 

4.  Annual  Members  admitted  in  any  year  since  1830,  subject  to  the  pay- 
ment of  Two  Pounds  for  the  first  year,  and  One  Pound  in  each  following  year. 
[May  resume  their  Membership  after  intermission  of  Annual  Payment.] 

5.  Associates  for  the  year,  subject  to  the  payment  of  One  Pound. 

6.  Corresponding  Members  nominated  by  the  Council. 

And  the  Members  and  Associates  will  be  entitled  to  receive  the  annual 
volume  of  Eeports,  gratis,  or  to  purchase  it  at  reduced  (or  Members1)  prior, 
according  to  the  following  specification,  viz.  : — • 

1.  Gratis. — Old  Life  Members  who  have  paid  Five  Pounds  as  a  compo- 

sition for  Annual  Payments,  and  previous  to  1845  a  further 
sum  of  Two  Pounds  as  a  Book  Subscription,  or,  since  1845,  a 
further  sum  of  Five  Pounds. 

New  Life  Members  who  have  paid  Ten  Pounds  as  a  composition. 

Annual  Members  who  have  not  intermitted  their  Annual  Sub- 
scription. 

2.  At  reduced  or  Mnnlcrs    Prices,  viz.  two  thirds  of  the  Publication 

Price,— Old  Life  Members  who  have  paid  Five  Pounds  as  a 

composition  for  Annual  Payments,  but  no  further  sum  as  a 

Book  Subscription. 

Annual  Members  vrho  have  intermitted  their  Annual  Subscription. 
Associates  for  tho  year.     [Privilege  confined  to  the  volume  for 

that  year  only.] 

3.  Members  may  purchase  (for  the  purpose  of  completing  their  sets)  any 

of  the  first  seventeen  volumes  of  Transactions  of  the  Associa- 
tion, and  of  which  more  than  100  COJ/UK  remain,  atone  third  of 
the  Publication  Price.  Application  to  be  made  at  the  Office 
of  the  Association,  L'2  Albcmnrle  Street,  London,  "W. 
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Volumes  not  claimed  -within  two  years  of  the  date  of  publication  can  only 
be  issued  by  direction  of  the  Council. 

Subscriptions  shall  be  received  by  the  Treasurer  or  Secretaries. 

Meetings. 

The  Association  shall  meet  annually,  for  one  week,  or  longer.  The  place 
of  each  Meeting  shall  be  appointed  by  the  General  Committee  two  years  in 
advance ;  and  the  Arrangements  for  it  shall  be  entrusted  to  the  Officers  of 
the  Association. 

General  Committee. 

The  General  Committee  shall  sit  during  the  week  of  the  Mooting,  or 
longer,  to  transact  the  business  of  the  Association.  It  shall  consist  of  the 
following  persons : — 

CLASS  A.  PERMANENT  MEMBERS. 

1.  Members  of  the  Council,  Presidents  of  the  Association,  and  Presidents 
of  Sections  for  the  present  and  preceding  years,  with  Authors  of  lleports  in 
the  Transactions  of  the  Association. 

2.  Members  who  by  the  publication  of  "NVorks  or  Papers  have  furthered 
the  advancement  of  those  subjects  which  are  taken  into  consideration  at  the 
Sectional  Meetings  of  the  A^ociation.      IVifh  a  r'uw  of  tnhmittint/  new  claims 
vnrfcr  this  Jiule  to  the  decision  of  ///<'  Cof/»n7,  1/n  //  'tttust  le  stnt  to  thr  Assistant 
(lateral  Stcntari/  at  least  one  month  before  the  Mediiuf  of  the  Association. 
The  thdsion  of  the  Council  on  the  claims  of  cm  if  Munlcr  of  the  Association  to 
he  placed  on  the  lift  of  the  General  Con<mitte(  to  Ic  final. 

CFA&S  H.  ToiroitAitY  MOIHKRS. 

1 .  Presidents  for  the  time  being  of  any  Scientific  Societies  publishing  Tians- 
ftctions  or,  in  his  absence,  a  delegate  representing  him.    Claims  inuh  r  this  Itule 
to  be  S(nt  to  the  Assistant  General  ficcntary  before  the  ope iun<j  of  the  Meeting. 

2.  Office-bearers  for  the  time  being,  or  delegates,  altogether  not  exceeding 
three,   from   Scientific   Institutions   established   in   the  place   of  Meeting. 
Claims  under  this  Jtule  to   be  aj^rovcd  by  the  Local  Sccnlarics  before  the 
evening  of  the  Meeting. 

3.  Foreigners  and  other  individuals  whopo  assistance  is  desired,  and  who 
are  specially  nominated  in  writing,  for  the  Meeting  of  the  year,  by  the  Pre- 
sident and  General  Secretaries. 

4.  Vice-Presidents  and  Seeictaries  of  Sections. 

Organising  Sectional  Committees*. 

The  Presidents,  Vice-Presidents,  and  Secretaries  of  tho  several  Sections 
ore  nominated  by  the  Council,  and  have  power  to  net  until  their  names  arc 
submitted  to  the  General  Committee  for  election. 

From  the  time  of  their  nomination  they  constitute  Organizing  Committees 
for  the  purpose  of  obtaining  information  upon  the  Memoirs  and  Reports 
likely  to  be  submitted  to  the  Scctionsf,  and  of  preparing  lleports  thereon, 

*  Passed  by  the  Goncrnl  Committee,  Edinburgh,  1£7J. 

t  Rttti  (c  Contrifa/lt'rs  t>f  AfuHoirt.—  Authors  nre  rwnimkd  that  undci*  nn  arrnng*1- 
mcnt  dating  from  1871.  (he  acceptance  of  Memoir?,  ami  the  d«T«  on  which  thov  arc  to  bo 

* 
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and  on  the  order  in  which  it  is  desirable  that  they  should  be  read,  to  bo  pre- 
sented to  the  Committees  of  the  Sections  at  their  first  Meeting. 

An  Organizing  Committee  may  also  hold  such  preliminary  Meetings  as  the 
President  of  the  Committee  thinks  expedient,  but  shall,  under  any  circum- 
stances, meet  on  the  first  Wednesday  of  the  Annual  Meeting,  at  11  A.M.,  to 
settle  the  terms  of  their  Report,  after  which  their  functions  as  an  Organizing 
Committee  shall  cease, 

Constitution  of  the  Sectional  Committees*. 

On  the  first  day  of  the  Annual  Meeting,  the  President,  Vice-Presidents, 
and  Secretaries  of  each  Section  having  been  appointed  by  the  General  Com- 
mittee, these  Officers,  and  those  previous  Presidents  and  Vice-Presidents  of 
the  Section  who  may  desire  to  attend,  are  to  meet,  at  2  P.M.,  in  their  Com- 
mittee Rooms,  and  enlarge  the  Sectional  Committees  by  selecting  individuals 
from  among  the  Members  (not  Associates)  present  at  the  Meeting  whose  as- 
sistance they  may  particularly  desire.  The  Sectional  Committees  thus  con- 
stituted shall  have  power  to  add  to  their  number  from  day  to  day. 

The  List  thus  formed  is  to  be  entered  daily  in  the  Sectional  Minute-Book, 
and  a  copy  forwarded  without  delay  to  the  Printer,  who  is  charged  with 
publishing  the  same  before  8  A.M.  on  the  next  day,  in  the  Journal  of  the 
Sectional  Proceedings. 


Business  of  the  Sectional  Committees. 

Committee  Meetings  are  to  be  held  on  the  Wednesday  at  2  P.M.,  on  the 
following  Thursday,  Friday,  Saturday,  Monday,  and  Tuesday,  from  10  to 
11  A.M.,  punctually,  for  the  objects  stated  in  the  Rules  of  the  Association, 
and  specified  below. 

The  business  is  to  be  conducted  in  the  following  manner: — • 

At  the  first  meeting,  one  of  the  Secretaries  will  read  the  Minutes  of  last 
year's  proceedings,  as  recorded  in  the  Minute-Hook,  and  the  Synopsis  of 
Hecommendations  adopted  at  the  List  Meeting  of  the  Association  and  printed 
in  the  last  volume  of  fhc  Transactions.  He  will  next  proceed  to  read  the 
Report  of  the  Organizing  Committee  f-  The  List  of  Communications  to  be 
read  on  Thursday  shall  be  then  arranged,  and  the  general  distribution  of 
business  throughout  the  week  shall  be  provisionally  appointed.  At  the  close 
of  the  Committee  Meeting  the  Secretaries  shall  forward  to  the  Printer  a  List 
of  the  Papers  appointed  to  be  read.  The  Printer  is  charged  with  publishing 
the  same  before  8  A.M.  on  Thursday  in  the  Journal. 

On  the  second  day  of  the  Annual  Meeting,  and  the  following  days,  the 


read,  are  now  as  far  as  possible  determined  by  Organizing  Committees  for  tho  several 
Sections  before  the  beginning  of  the  Meeting.  It  has  therefore  become  necessary,  in  order 
to  give  an  opportunity  to  the  Committees  of  doing  justice  to  the  several  Communications 
that  each  Author  should  prepare  an  Abstract  of  his  Memoir,  of  a  length  suitable  for  in- 
sertion in  the  published  Transactions  of  the  Association,  and  that  he  should  send  it,  toge- 
ther with  the  original  Memoir,  by  book-post,  on  or  before ?  addressed 

thus — "General  Secretaries,  British  Association,  22  Albemarle  Street,  London,  W.  For 

Section .."  If  it  should  bo  inconvenient  to  the  Author  that  his  Paper  should  be  read 

on  any  particular  days,  lie  is  requested  to  send  information  thereof  to  the  Secretaries  in  a 
separate  note. 

*  Passed  by  the  General  Committee,  Edinburgh,  1871. 

t  This  and  the  following  sentence  were  added  by  the  General  Committee,  1871, 
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Secretaries  are  to  correct,  on  a  copy  of  the  Journal,  the  list  of  papers  which 
have  been  read  on  that  day,  to  add  to  it  a  list  of  those  appointed  to  be  read 
on  the  next  day,  and  to  send  this  copy  of  the  Journal  as  early  in  the  day  as 
possible  to  the  Printers,  who  are  charged  with  printing  the  same  before  8  A.M. 
next  morning  in  the  Journal.  It  is  necessary  that  one  of  the  Secretaries  of 
each  Section  should  call  at  the  Printing  Office  and  revise  the  proof  each 
evening. 

Minutes  of  the  proceedings  of  every  Committee  arc  to  be  entered  daily  in 
the  Minute-Book,  which  should  be  confirmed  at  the  next  meeting  of  the 
Committee. 

Lists  of  the  Reports  and  Memoirs  read  in  the  Sections  arc  to  be  entered 
in  the  Minutc-Book  daily,  which,  with  oil  Memoirs  and  Copies  or  Abstracts 
of  Memoirs  furnished  ly  Authors,  are  to  be  forwarded,  at  the  dose  of  the  $ec- 
t tonal  Meetings,  to  the  Assistant  General  Secretary. 

The  Vicc-Prcsidcnts  and  Secretaries  of  Sections  become  c*v  qfflcio  temporary 
Members  of  the  General  Committee  (vide  p.  xix),  and  will  receive,  on  ap- 
plication to  the  Treasurer  in  the  lieception  Room,  Tickets  entitling  them  to 
attend  its  Meetings. 

The  Committees  will  take  into  consideration  any  suggestions  which  may 
be  offered  by  their  Members  for  the  advancement  of  Science.  They  are 
specially  requested  to  review  the  recommendations  adopted  at  preceding 
Meetings,  as  published  in  the  volumes  of  the  Association  and  the  communi- 
cations made  to  the  Sections  at  this  Meeting,  for  the  purposes  of  selecting 
definite  points  of  research  to  which  individual  or  combined  exertion  may  be 
usefully  directed,  and  branches  of  knowledge  on  the  state  and  progress  of 
which  Reports  arc  wanted ;  to  name  individuals  or  Committees  for  the  exe- 
cution of  such  Reports  or  researches  ;  and  to  state  whether,  and  to  what  de- 
gree, these  objects  may  be  usefully  advanced  by  the  appropriation  of  the 
funds  of  the  Association,  by  application  to  Government,  Philosophical  Insti- 
tutions, or  Local  Authorities. 

In  case  of  appointment  of  Committees  for  special  objects  of  Science,  it  is 
expedient  that  all  Members  of  the  Committee  should  be  named,  and  one  of 
them  appointed  to  act  as  /Secretary,  for  insuring  attrition  to  business. 

Committees  have  power  to  add  to  their  number  persons  whose  assistance 
they  may  require. 

The  recommendations  adopted  by  the  Committees  of  Sections  are  to  be 
registered  in  the  Forms  furnished  to  their  Secretaries,  and  one  Copy  of  each 
is  to  bo  forwarded,  without  delay,  to  the  Assistant-General  Secretary  for  pre- 
sentation to  the  Committee  of  Recommendations.  Ctthss  this  be  done,  the 
Recommendations  cannot  receive  the  sanction  of  the  Association. 

N.B. — Recommendations  which  may  originate  in  any  one  of  the  Sections 
must  Jirst  be  sanctioned  by  the  Committee  of  thai  faction  before  they  can  be 
referred  to  the  Committee  of  Recommendations  or  confirmed  by  the  General 
Committee. 

Notices  Regarding  Grants  of  Money. 

Committees  and  individuals,  to  whom  grants  of  money  have  been  entrusted 
by  the  Association  for  the  prosecution  of  particular  researches  in  Science, 
are  required  to  present  to  each  following  Mooting  of  tho  Association  a  Report 
of  the  progress  which  has  been  made  ;  and  the  Individual  or  the  Member  first 
named  of  a  Committee  to  whom  a  money  grant  has  been  made  must  (pre- 
viously to  the  next  meeting  of  the  Association)  forward  to  tho  General 
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Secretaries  or  Treasurer  a  statement  of  the  sums  which  have  been  expended, 
and  the  balance  which  remains  disposable  on  each  grant. 

Grants  of  money  sanctioned  at  any  one  meeting  of  the  Association  expire 
a  weelc  before  the  opening  of  the  ensuing  Meeting;  nor  is  the  Treasurer 
authorized,  a.fter  that  date,  to  allow  any  claims  on  account  of  such  grants, 
unless  they  bo  renewed  in  tho  original  or  a  modified  form  by  the  General 
Committee. 

No  Committee  shall  raise  money  in  tho  narno  or  under  the  auspices  of  the 
British  Association  without  special  permission  from  the  General  Committee 
to  do  so ;  and  no  money  so  raised  shall  be  expended  except  in  accordance 
with  the  rules  of  the  Association. 

In  each  Committee,  the  Member  first  named  is  tho  only  person  entitled  to 
call  on  the  Treasurer,  AV.  Spottiswoode,  Esq.,  50  Grosvenor  Place,  London, 
S.W.,  for  such  portion  of  the  sums  granted  as  may  from  time  to  time  bo 
required. 

In  grants  of  money  to  Committees,  tho  Association  docs  not  contemplate 
the  payment  of  personal  expenses  to  tl\o  members. 

In  all  cases  where  additional  grants  of  money  arc  made  for  the  continua- 
tion of  llesearch.es  at  the  cost  of  the  Association,  the  sum  named  is  deemed  • 
to  include,  as  a  part  of  the  amount,  whatever  balance  may  remain  unpaid  on 
the  former  grant  for  the  same  object. 

All  Instruments,  Tapers,  Drawings,  and  other  property  of  the  Association 
are  to  be  deposited  at  tho  Office  of  the  Association,  22  Albcmarle  Street, 
Piccadilly,  London,  W.,  when  not  employed  in  carrying  on  scientific  inquiries 
for  the  Association. 

Business  of  the  Sections. 

Tho  Meeting  lloorn  of  cacli  Section  is  opened  for  conversation  from  10  to 
11  daily.  The  Section  Ilooms  and  approaches  thereto  can  be  used  for  no  notices 
exhibitions,  or  other  purposes  titan  those  of  the  Association. 

At  11  precisely  the  Chair  will  be  taken,  and  the  reading  of  communica- 
tions, in  tho  order  previously  made  public,  be  commenced.  At  ^  r.ii.  the 
Sections  will  close. 

Sections  may,  by  the  desire  of  the  Committees,  divide  themselves  into 
.Departments,  as  often  as  the  number  and  nature  of  the  communications  de- 
livered in  may  render  such  divisions  desirable. 

A  Itoport  presented  to  the  Association,  and  read  to  the  Section  which 
originally  culled  for  it,  may  bo  read  in  another  Section,  at  the  request  of  the 
Officers  of  that  Section,  with  the  consent  of  the  Author, 

Duties  of  the  Doorkeepers. 

1. — To  remain  constantly  at  the  Doors  of  the  Ilooms  to  which  they  arc  ap- 
pointed during  the  whole  time  for  which  they  arc  engaged. 
2» — To  require  of  every  person  desirous  of  entering  the  Ilooms  the  exhibi- 
tion of  a  Member's,  Associate's  or  Lady's  Ticket,  or  Reporter's  Ticket, 
signed  by  the  Treasurer,  or  a  Special  Ticket,  signed  by  the  Assistant- 
General  Secretary. 
3.— Persons  unprovided  with  any  of  these  Tickets  can  only  be  admitted  to 

any  particular  Room  by  order  of  the  Secretary  in  that  Boom. 
^  No  person  is  exempt  from  these  Kules,  except  those  Officers  of  the  Asso- 
ciation whose  names  are  printed  in  the  Programme,  p.  1. 
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Duties  of  the  Messengers. 

To  remain  constantly  at  tho  Rooms  to  which  they  arc  appointed,  during 
tho  whole  time  for  which  they  are  engaged,  except  when  employed  on  mes- 
sages by  one  of  the  Officers  directing  these  Rooms. 

Committee  of  Recommendations. 

The  General  Committee  shall  appoint  at  each  Meeting  a  Committee,  which 
shall  receive  and  consider  the  Recommendations  of  the  Sectional  Committees, 
and  report  to  tho  General  Committee  tho  measures  which  they  would  advise 
to  he  adopted  for  the  advancement  of  Science. 

All  Recommendations  of  Grants  of  Money,  Requests  for  Special  Researches, 
and  Reports  on  Scientific  Subjects  shall  be  submitted  to  the  Committee  of 
Recommendations,  and  not  taken  into  consideration  by  the  General  Committee 
unless  previously  recommended  by  the  Committee  of  Recommendations. 

Local  Committees. 

Local  Committees  shall  be  formed  by  tho  Officers  of  the  Association  to 
assist  in  making  arrangements  for  the  Meetings. 

Local  Committees  shall  have  the  power  of  adding  to  their  numbers  those 
Members  of  the  Association  whose  a&sktancc  they  may  desire. 

Officers. 

A  President,  two  or  more  Vice  -Presidents,  one  or  more  Secretaries,  and  a 
Treasurer  shall  be  annually  appointed  by  the  General  Committee. 


In  the  intervals  of  the  Meetings,  the  affairs  of  the  Association  shall  be  ma- 
naged by  a  Council  appointed  by  tho  General  Committee.  The  Council  may 
also  assemble  for  the  despatch  of  business  during  the  week  of  tho  Meeting. 

Papers  and  Communications^ 

The  Author  of  any  paper  or  communication  shall  be  at  liberty  to  reserve 
his  right  of  property  therein. 

Accounts. 

Tho  Accounts  of  tho  Association  shall  be  audited  annv.ally,  by  Auditors 
appointed  by  the  General  Committee. 
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residents,  Vice-Presidents, 

LOCAL  SECRETARIES 

f  William  Gray,  jun.,  F.G.S. 

1  iTotessor  Phillips,  M.A.,  F.R.S.,  F.G.J 

>  Professor  Daubenv,  M.D.,  F.R.S.,  &c. 
/Rev.  Professor  Powell,  M.A.,  F.R.S.,  & 

\  Rev.  Professor  Henslow,  M.A.,  F.L.S. 
J  Rev.  W.  Whewell,  F.R.S. 

}  Professor  Forbes,  F.R.S.  L.  &  E.,  &c. 
Sir  John  Robinson,  Sec.  R.S.E. 

l  Sir  W.  R.  Hamilton,  Astron.  Royal  of  ] 
J  Rev.  Professor  Lloyd,  F.R.S. 

i  Professor  Daubenv,  M.D.,  F.R.S.,  &c. 
f  V.  F.  Hovenden,  Esq. 

")  Professor  Traill,  M.D.  Wm.  Wallac< 
[•Joseph  N.  Walker,  Pres.  Royal  Instit 

")  John  Adarmon,  F.L.S.,  &c. 
V  Wm.  Hutton,  F.G.S. 
J  Professor  Johnston,  M.A.,  F.R.S. 

)  George  Barker,  Esq.,  F.R.S. 
V  Peyton  Blakiston,  M.D. 

.Tn«Pr>k  Wr^o-^v!,  Vo.i  V  W  <  "PftllAfi 

1  Andrew  Liddell,  Esq.  Rev.  J.  P.  Nico 
J  John  Strang,  Esq. 

)  W.  Snow  Harris,  Esq.,  F.R.S. 
VCol.  Hamilton  Smith,  F.L.S. 
)  Robert  Were  Fox,  Esq.  Richard  Tayl< 

J  Peter  Clare,  Esq.,  F.R.A.S. 
UV.  Fleming,  M.D. 

1  Jamp«  Hpvwnnd  "Ran.  V  T?  Sf 

|  Professor  John  Stevelly,  M.A. 
}•  Rev.  Jos.  Carson,  F.T.C.  Dublin. 
1  William  Keleher,  Esq.  Wm.  Clear,  E 
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VICE 
}•  Rev.  W.  Vernon  Harcourt.  M., 

J 

f  Sir  Da\id  Brewster,  F.R.S.  L. 
I  Rev.  W.  Whewell,  F.R.S.,  Pre 

/  G.  B.  Airy,  F.R.S.,  Astronomer 
I  John  Dalton,  D.C.L.,  F.R.S... 

1  Sir  David  Brcwster,  F.R.S.,  &c 
J  Rev.  T.  R.  Robinson,  D.D  

f  Viscount  Oxmantown,  F.R.S., 
I  Rev.  W.  Whewell,  F.R.S.,  &c. 

r  The  Marquis  of  Northampton,  ] 
I  Rev.  W.  D.  Conybeare,  F.R.S. 

{The  Bishop  of  Norwich,  P.L.S. 
Sir  Philip  de  Grev  Ecerton,  Ba 
Rev.  W.  Whewell.  F.R.S  

[The  Bishop  of  Durham,  F.R.S. 
The  Rev.  W,  Vernon  Harcourt, 
L  Prideaux  John  Seiby,  Esq.,  F.I 

[Marquis  of  Northampton. 
The  Rev.  T.  R.  Robinson,  D.D 
Verv  R«v.  Prinnn.il  Marfarhmp 

f  Major-  General  Lord  Greenock. 
1  Sir  T.  M.  Brisbane,  Bart.,  F.R 

[The  Earl  of  Morlev.  Lord  E 
Sir  C.  Lemon,  Bart  
[  Sir  D.  T.  Acland,  Bart  
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"Earl  of  Listowel.  Viscou 
SirW.  R.  Hamilton,  Pm.R.IJ 
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PRESIDENTS. 
tie  EARL  FITZWILLIAM,  D.C.L., 

be  REV.  W.  BUCKLAND,  D.D.,  F.] 
OXFORD,  June  19,  1832. 

ie  REV.  ADAM  SEDGWICK,  M.A., 
CAMBRIDGE,  June  25,  1833. 

:R  T.  MACDOUGALL  BRISBANE 
F.R.S.  L.&E  , 
EDINBURGH,  September  8, 

ie  REV.  PROVOST  LLOYD,  LL.D. 
DUBLIN,  August  10,  1835. 

ie  MARQUIS  OF  LANSDOWNE,  D. 
BRISTOL,  August  22,  1336. 

ie  EARL  OF  BURLINGTON,  F.R 
cellor  of  the  University  of  London  .  . 
LIVERPOOL,  "September  11. 

ie  DUKE  OF  NORTHUMBERLAND, 
NEWCASTLE-ON-TYNE,  AUJ 

ie  REV.  W.  VERNON  HARCOURT, 
BIRMINGHAM,  August  26,  1 

ie  MARQUIS  OF  BREADALBANE, 
GLASGOW,  September  17,  1 

e  REV.  PROFESSOR  WHEWELL, 
PLYMOUTH,  July  29,  1841. 

e  LORD  FRANCIS  EGERTON,  F.( 
MANCHESTER,  June  23,  184 

j  EARL  OF  ROSSE,  F.R.S  

CORK,  August  17,  1843. 

CO 

• 

2^ 

K« 

q3*r 

J5  CB 

^ 

S 

CO 

05 

cr^J 

.1 

•"'^             5 

^13                      fc 

»T  ~ 

3 

*^X» 

P" 

d 
fc 

'BS* 

.T3  C£l 

111 

*r       *Jl 

5  >i 

|2        1 

!  •     ^fl« 

*>  tT 

?l 

1 

I^i" 

III  1]    1 

^O                          ®«                    T3S»Ty 

II              £«           .S>^§ 

§lw. 

£»-q 

"slS 

*S8 

frti 

rS^<(g 

IH& 

0     •                         "r 

>  *^ 

s 

rt^. 

=  OO 

^H« 
,  *- 

£       psi 
^    ,  —  *. 

i^  _  _?-£_ 

tsB               g 

X            r«  i>  S  3               »S  AC  3 

-4                          CJr^Kl-i                                K&-t-» 

65oo 
-ji  

.CO 

!            '•  °    !  c/i 
'»    '  .  • 

j  j  j      j:  j  j^ 

*  : 

^   *- 

:| 

is 

:          s  :* 

•     ^     'c  yj  •< 

:  :|      :  :  :  :^ 

•     '75   g     • 

:  :«  £  : 

I  cT 

.  o 

•  x  ji        •   "    *   "   . 

. 

H      ;  • 

:    PS       ^  S        : 

•  pj  .      :  :  :  :j^ 

t5    • 

^3 

^ 

'Earl  Fitzwilliam,  F.R.S.  Viscount  Morpeth,  F.G.S.  . 
The  Hon.  John  Stuart  Wortlev,  M.P.  Sir  David  Brewster 
Michael  Faraday,  Esq.,  D.C.L.,  F.R.S.  

.  liev.  W.  V.  Harcourt,  F.R.S  

["The  Earl  of  Hardwicke.  The  Bishop  of  Norwich  
1  Rev.  J.  Graham,  D.D.  Rev.  G.  Ainslie,  D.D  
,  G.  H.  Airv  F.*n.  M.A.  T>.fM...  F.K.S.  

.The  Rev.  'Professor  Sedgwick,  M.A.,  F.R.S  

'The  Marouis  of  Winchester.  The  Earl  of  Yarborou^b,  D.f 
Ix>rd  Ashimrton,  D.C.L.  Viscount  Palmerston,  M.P  
Right  Hon.  Charles  Shaw  Lefevre,  M.P  
Sir  George  T.  Staunton,  Bart.,  M.P.,  D.C.L.,  F.R.S  

Th«»  1^rt\  HUhAn  nf  OTfnrH  F.R.S. 

Professor  Owen,  M.D.,  F.R.S.  Professor  Powell,  F.R.S.  . 

The  Earl  of  Ros<e,  F.R.S.  The  Lord  Bishop  of  Oxford,  F, 
The  Vice-Chancellor  of  the  University  
Thomas  G.  Bucknall  Estrourt,  Esq.,  D.C.L.,  M.P.  forth 
Oxford.  Very  Rev.  the  Dean  of  Westminster,  D.D.,  F 
Professor  Daubeny,  M.D.,  F.R.S.  The  Rev.  Prof.  Powell, 

'The  Marquis  of  Bute,  K.T.  Viscount  Adare,  F.R.S  
Sir  H.  T.  DelaBeche,  F.R.S.,  Pres.  G.S  

The  Very  Kev.  the  Dean  ot  Llandaff,  *  .K.S  
Lewis  W.  Dillwyn,  Esq.,  F.R.S.  W.  R.  Grove,  Esq.,  F. 
J.  H.  Vivian,  Esq.,  M.P.,  F.R.S.  The  Lord  Bishop  of  Si 

The  Earl  of  Harrowbv.  The  Lord  Wrotteslev,  F.R.S  
Right  Hon.  Sir  Robert  Peel,  Bart.,  M.P.,  D.C.L.,  F.R.S... 
Charles  Darwin,  Esq.,  M.A.,  F.R.S,,  Sec.  G.S  
Professor  Faraday.  D.C.L.,  F.  R.S  
Sir  David  Brewster,  K.H.,  LL.D.,  F.R.S.  Rev.  Prof.  Willis, 

Tho  Rarl  nf  Tathr-ar*-  K  C.  R  F  H  S  F.  

The  Earl  of  Rosebery,  K.T.,  D.C.L.,  F.R.S  
Right  Hon.  David  Boyle  (Lord  Justice-  General),  F.R.S.E. 
General  Sir  Thomas  M.  Brisbane,  Bart.,  D.C.L.,  F.R.S.,  Pi 
Very  Rev.  John  Lee,  D.D.,  V.P.R.S.  E.,  Principal  of  the 
Edinburgh.  Professor  W.  P.  Alison,  M.D.,  V.P.R.S.  E 
Profpasor  J.  D.  Forb™  F.R.S..  SPT.  R.S.E  

The  Lord  Rcndlesham,  M.P.  The  Ix)rd  Bishop  of  Norwii 
UPV.  Professor  Scdirwirk.  M.A..  F.R.S  

Rev.  Professor  Henslow,  M.A.,  F.L.S  
Sir  John  P.  Boileau,  Bart.,  F.R.S.  Sir  William  F.  F.  Mi 
J.  C.  Cobbold,  Esq.,  M.P.  T.  B.  Western,  Esq  
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The  Rieht  Hon.  the  Earl  of  Leicester,  L< 
Sir  John  Peter  Boiieau,  Bart.,  F.R.S.  .  . 
The  Rev.  Adam  Sedgwick,  M.A.,  LL. 
wardian  Professor  of  Geology  in  the  U 
Sir  John  Lubbock,  Bart.,  F.R.S.,  F.L.S. 
John  Couch  Adams,  Esq.,  M.A.,  D.C, 
Professor  of  Astronomy  and  Geometry 
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The  Earl  of  Chichester,  Lord-  Lieutenan! 
The  Duke  of  Norfolk.  
The  Right  Hon.  the  Duke  of  Richmond, 
The  Right  Hon.  the  Duke  of  Devonshire 
Sir  John  Lubbork,  Bart.,  M.P.,  F.R.S., 
Dr.  Sharpev,  LL.D.,  Sec.  U.S.,  F.L.S.  .. 
J.  Prestwich,  Esq.,  F.R.S.,  Pres.  G.S.  .. 

The  Earl  of  Rosse,  F.R.S.,  F.U.A.S.  .. 
Lord  Houghton,  D.C.L.,  F.R.b  
The  Right  Hon.  W.  E.  Forster,  M.P.  .  . 
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J.  P.  Gassiot,  Esq.,  D.C.L.,  F.R.S  
Professor  Phillips,  D.C.L.,  F.  R.S  
John  Hawkshaw,  Esq.,  F.R.S.,  F.G.S.. 
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REPORT — 1872. 


Presidents  and  Secretaries  of  the  Sections  of  the  Association. 


Date  and  Place. 


Presidents. 


Secretaries. 


MATHEMATICAL  AND  PHYSICAL  SCIENCES. 


COMMITTEE  OP  SCIENCES,  I. MATHEMATICS  AND  GENERAL  PHYSICS. 


1832.  Oxford 

3833.  Cambridge 
1834.  Edinburgh 


Davies  Gilbert,  D.C.L.,  F.R.S.... 
SirD.  Bvcwstcr,  F.R.S 


"Rev.  H.  Coddington. 
Prof.  Forbes. 


Rev.  W.  Whcwcll,  F.R.S Prof.  Forbes,  Prof.  Lloyd. 


1835.  Dublin 

183G.  Bristol 

1837.  Liverpool .. 

1838.  Newcastle... 


Rev.  William  Whewell,  F.R.S.... 
Sir  D.  Brewster,  F.R.S 


Sir   J.  F.  W.   Herschcl.   Bart, 
F.R.S. 


1839.  Birmingham  Rev.  Prof.  Whewell,  F.R.S 


1840.  Glasgow    ... 

1841.  Plymouth... 

1842.  Manchester 


Prof.  Forbes,  F.R.S.  , 


1843.  Cork 

1844.  York 

1845.  Cambridge.. 


1847.  Oxford 

1848.  Swansea  . . . 
1840.  Birmingham 

1850.  Edinburgh. 

1851.  Ipswich 

1852.  Belfast  


SECTION  A. MATHEMATICS  AND  PHYSICS. 

Rev.  Dr.  Robinson Prof.   Sir   W.    R.    Hamilton,    Prof. 

Wheatstono. 
Prof.  Forbes,  W.  S.  Harris,  F.  W. 

Jerrard. 
W.  S.  Karri*,  Rev.  Prof.  Powell,  Prof. 

Stevelly. 
Rov.  Prof.  Chcvallier,  Major  Sabine, 

Prof.  Stevelly. 
J.  D.  Chance,  W.  Snow  Harris,  Prof. 

Stevelly. 
Rev.  Dr.  Forbes,  Prof.  Stevelly,  Arch. 

Smith. 

Prof.  Stevelly. 
Prof.  M'Culloch,  Prof.  Stevelly,  Rev. 

W.  Scoresby. 
J.  Nott,  Prof.  Stevelly. 
Rev.  Win.  Hey,  Prof'  Stevelly. 
Rev.  H.  Goodwin,  Prof.  Stevelly,  G. 

(>.  Stokes. 
John    Drew,    Dr.    Stevelly,    G.    G. 

Stol.es. 
Rev.  II.  Price,  Prof.  Stevelly,  G.  G. 

Stokes. 

Dr.  Stevelly,  G.  G.  Stokes. 
Prof.    Stevelly,     G.    G.    Stokes,    W. 

Riclout  Witts. 
W.    J.    Macquorn    Rankino,    Prof. 

Smyth,  Prof.  Stevelly,  Prof.  G.  G. 

SloW 
S.  Jackson,  W.  J.  Maoquorn  Rankine, 


Rev.  Prof.  Lloyd,  F.R.S 

Very  Rev.    G.    Peacock,    D.D.. 
F.R.S. 

Prof.  M'Culloch,  M.R.T.A 

The  Earl  of  Rosse.  F.R.S 

Tbo  Very  Rev.  the  Dean  of  Ely  . 


1846.  Southampton  Sir  John  F.  W.  Herschel,  Bart. 


F.R.S. 
Ifov.  Prof.  Powell,  M.A.,  F.R.S. 


1853.  Hull . 


1851.  Liverpool.. 

1855.  Glasgow  .. 

1856.  Cheltenhan 

1857.  Dublin 


Lord  Wrottesley,  F.R  S.    . 
William  Hopkins,  F.R.S. . 


Prof.  J.  D.  Forbes,  F.R.S.,  Sec 


Rev.  W.  Whewell,  D.D.,  F.R.S, 

&c. 
Prof.  W.  Thomson,  M.A.,  F.R.S 

L.  &  E. 
The  Dean  of  Ely,  F.R.S 


Prof.   G.  G.  Stokes,  M.A.,  Sec 

R.S. 
Rev.  Prof.  Kelland,  M.A.,  F.R.S. 

L.  £  E. 
Rev.  R.  Walker,  M.A.,  F.R.S.  ... 


Prof.  Stevelly,  Prof.  G.  G.  Stokes, 
'rof.  Dixon,  W.  J.  Macquorn  Ro 

kine,  Prof.  Stevelly,-  J.  Tyndall. 
I.  Blaydcs  Haworth,    J.    D.   golli 

Prof.  Stevelly,  J.  Welsh. 


Rer.T.  R.  Robinson,D.D.,F.R.S.. 
M.RJ.A. 


J.   Harlmip,   ll.   G.    Pucklc,    Prof. 

Btovclly.  J.  Tyndall,  J.  Welsh. 
Rev.  Dr. 'Forbes,  Prof.  D.  Gray,  Prof. 

Tyndall. 
C.  Brooke,   Rev.   T.  A.   Soutliwoi  cl, 

Prof.  Stevelly,  Rev.  J.  C.  Turnlmll. 
Prof.  Curtis,  Prof.  Hennessy,  P.  A. 

Nimiis,  W.  J.  Macquorn  Rankine. 

Prof.  Stevellv, 
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Presidents. 

Secretaries. 

1858.  Leeds  .  . 

Rev.  W.Whcwell,  D.D.,  V.P.R.S. 

The  Earl  of  Rosse,  M.A.,  K.P.f 
F.R.S. 
Rev.  B.  Price,  M.A.,  F.R.S  

a.  B.  Airy,  M.A.,  D.C.L.,  F.R.S. 
Prof.  a.  G.  Stokes,  M.A.,  F.R.S. 

Prof.  W.  *T.  Mncquorn  Raukine, 
C.K.,  F.ll.S. 

ii      r        /i      i   —        •»  T   i           "1,1  ~r>  c< 

Rev.  S.  Earnshaw,  J.  P.  Henneasy, 
Prof.  Stevelly,  II.  J.  S.  Smith,  Prof. 
Tyndall. 
J.  P.  Hennessy,  Prof.  Maxwell,  H.  J.  S. 
Smith,  Prof.  Stevelly. 
Rov.  G.  0.  Boll,  Rev.  T.  Rcnnison, 
Prof.  Stevelly. 
Prof.  R.  B.  Clifton,  Prof.  II.  J.  S. 
Smith,  Prof.  Stevellv. 
Prof.  R.  13.  Clifton,  *Prof.  II.  J.  S. 
Smith,  Prof.  Stevelly. 
Rev.  y.  Ferrers,  Prof/Fuller,  JF.  Jen- 
kin,    Prof.   Stcveliy,    Rev.    C.   T. 
Whitley. 

18.59.  Aberdeen  ... 
1SGO.  Oxford  
1861.  Manchester. 
1862.  Cambridge.. 
18G3.  Newcastle... 

180 1.  Bath 


Prof.     Cayley,     M.A.,     F.R.S.,. Prof.    Fuller,    F.    Jenkin,    Rev.    G. 


18G5.  Birmingham  \V.  Spottiswoodc,  M.A.,  F.R.S., 


18GG.  Nottingham 

1867.  Dundee 

18G8.  Norwich   ... 
18GO.  Exeter  

1870.  Liverpool ... 

1871.  Edinburgh  . 


1872.  Brighton  .. 


F.R.A.S.  Buckle,  Prof.  Stovelly. 

V.  Spottiswoodc,  M.A.,  F.R.S.,  Rev.  T.  N.  Ilutchinson"  F.  Jenkin,  G. 
F.R.A.S.  S.  Mathews,  Prof.  H.  J.  S.  Smith, 

J.  M.  Wilson. 
Prof.  WheaUono,  D.C.L.,  F.R.S. -Fleming  Jenkin,  Prof.  II.  J.  S.  Smith, 

|     Rev.  S.  N.  Swann. 
Prof.  Sir  W.  Thomson,  D.C.L.,'Rcv.  G.  Buckle,  Prof.  G.  C.  Foster, 

F.R.S.  I     Prof.  Fuller,  Prof.  Swan. 

Prof.  J.  Tyndall,  LL.D.,  F.R.S...  Prof.  G.  C.  Faster,  Rev.  R,  Harley, 

!     R.  B.  Hayward. 

Prof.   J.    J.    Sylvester,    LL.D./Prof.  G.  C."  Foster,  R.  B.  Hayward, 
^  T>  a  I     Avr  T*-  f<\:  «v,./i 


F.R.S. 


I     W.  K.  Clifford. 


J.  Clerk  Maxwell,  M.A.,  LL.J).,'Prof.  W.  G.  Adams  W.  K  Clifford, 

!     Prof.  G.  C.  Footer,  Rev.  W.  Allen 
"NVhitworth. 


F.R.S. 
Prof.  P.  G.  Tait,  F.R.S.E 


Prof.  W.  G.  Adams,  J.  T.  Bottomler, 
Prof.  W.  K.  Clifford,  Prof.  J.  B. 
Everett,  Rev.  R.  Harlcv. 
W.  Do  La  Rue,  D.C.L.,  F.R.S...  Prof.  W. K. Clifford,  J.W.'L.  Glaisher, 


8:C).  Dublin  .....  jDr.  T.  Thomson,  F.R.S. 


i     Prof.  A.  S.  llcrsehel,  G.  F.  Rodwell. 

CHEMICAL  SC1EXOE. 

COMMIT rivE  OF  SCIKXC'ES,  II. —  CHEMISTRY,  MINERALOGY. 

1832.  Oxford 'John  Dallon.D.C.L.,  F.R.S 'Jaine*  F.  W.  Johnston. 

1N33.  Cambridge..! John  Dalton,  J).C.L.,  F.R.S •' Prof.  Miller. 

1834.  Edinburgh... 'Dr.  Hope |Mr.  John.ston,  Dr.  Christison. 

B. CimilSTllY  ASD  MINKliALOGY. 

Dr.  Apjohn,  Prof.  Johnston. 

Dr.  Apjohn,  Dr.  C.  Henry,  W.  Hera- 

pnth. 
Prof.   Johnston,    Prof.    Miller,    pr. 

Reynolds. 
Prof.' Miller.  R.  L.  Pattinson,  Thomas 

Richardson. 

Golding  liird.  I\f.D.,  Dr.  J.B.Melson. 
Dr.  R.  D.  rJ'lionwon,  Dr.  T.  Clark, 

Dr.  L.  Phiyuiir. 
J.   Pridcaux*  Robert  Hunt,  "\V.  M. 

Tweedy. 

Dr.  L.  Playfair,  R.  Hunt,  J.  Gral.mn. 
R.  Hunt,  Dr.  Sweeny. 
Dr.  R,  Plnyfair,  E.  Sollv.T.  IT.  Barker. 
R.  Hunt,  J.  P.  Joule,  Prof.  Miller, 

B.  Solly. 


1830.  Bristol  ...... 

1837.  Liverpool  .  . 

1838.  Newcastle... 

1830.  Birmingham 

1840.  Glasgow   ... 

1841.  Plymouth... 

184:?.  Manchester. 

1843.  Cork. 

1844.  York. 


Rev.  Prof.  Camming., 
Mielmol  Faraday,  F.R.S.  , 


Rev.  William  Wheivvll,  F.R.S.... 


1845.  Cambridge.. 


Prof.  T.  Graham,  F.R.S 

Dr.  Thomas  Thomson,  F.R.S. ... 


Dr.Daubcny,  F.R.S. , 


John  DaUon.D.C.L.  F.R.S 

Prof.  Apjohn,  M.RJ.A 

Prof.  T.  Graham,  F.R.S 

Rev.  Prof,  dimming 
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Date  and  Place. 


184G.Southampton  Michael  Faraday,  D.C.L.,  F.R.S. 
~  •    '          Rev.W.V.Harcourt,  M.A.,  F.R.S. 


1847.  Oxford 

1848.  Swansea 


Richard  Phillips,  F.R.S. 


1851.  Ipswich 

1852.  Belfait 


1853.  Hull . 


1854.  Liverpool... 


Presidents. 


Secretaries, 


Dr.  Miller,  R.  Hunt,  W.  Randall. 
B.  C.  Brodie,  R.  Hunt,  Prof.  Solly. 
T.  II.  Henry,  R.  Hunt,  T.  Williams. 


1849.  Birmingham  John  Percy,  M.D.,  F.R.S iR.  Hunt,  a.  Shaw. 

1850.  Edinburgh  .  Dr.  Christison,  V.P.R.S.E Dr.  Anderson,  R.  I 

1QK1      T t^U  T> t    rpu~~« n«^l,r,«,     T?  T?  Q  rP     T    T>/>«»^«11     \\T    < 


Prof.  Thomaa  Graham,  F.R.S 


Thomas  Andrews,  M.D.,  F.R.S. . 

Prof.  J.  P.  \V.  Johnston,  M.A., 

F.R.S. 
Prof.  W.  A.  Miller,  M.D.,  F.R.S. 


Hunt,  Dr.  Wilson. 
T.  J.  Pearsall,  W.  S.  Ward. 
Dr.  Gladstone,   Prof.  Hodges,   Prof. 

Ronalds. 
II.  S.  Blondel!,  Prof.  R.  Hunt,  T.  J. 

Pearsall. 
Dr.    Edwards,    Dr.  Gladstone,    Dr. 


Price. 

1855.  Glasgow    ...  Dr.  Lyon  Playfair,  C.B.,  F.R.S.  JProf.  Frankland,  Dr.  H.  E.  Roscoo. 

1856.  Cheltenham  I  Prof.  B.  C.  Brodie,  F.R.S JJ.    Horsley,    P.    J.   Worsley,    Prof. 

Voelcker. 


1857.  Dublin  .... 

1858.  Leeds    

1859.  Aberdeen. 

1860.  Oxford.... 

1861.  Manchester. 


Prof.     Apjohn,     M.D.,     F.R.S.,  Dr.  Davy,  Dr.  Gladstone,  Prof.  Sul- 


M.R.I.A. 
Sir  J.   F.   W.   Herschel,   Bart., 

D.C.L. 
Dr.  Lyon  Playfair,  C.B.,  F.R.S. . 


Prof.  B.  C.  Brodie,  F.R.S 

Prof.  W.  A.  Miller,  M.D.,  F.R.S. 


1862.  Cambridge  .  Prof.  W.  A.  Miller)  M^D.,  F!R!S! 


1863.  Newcastle,.. 

1864.  Bath 


Dr.  Alex.  W.  Williamson,  F.R.S. 
W.  Odiing,  M.B.,  F.R.S.,  F.C.S. 


1866.  Nottingham 


Biggs. 

1865.  Birmingham  Prof.  W.  A. Miller,  M.D.,V.P.R,S.  A.  V.   Harcourt,    II.   Adkins,    Prof. 

'     Wanklyn,  A.  Winklcr  Wills. 


livan. 

Dr.  Gladstone,  W.  Odiing,  R.  Rey- 
nolds. 

J.  S.  Brazier,  Dr.  Gladstone,  G.  D. 
Liveing,  Dr.  Odiing. 

A.  Vernon  Harcourt,  G.  D.  Liveing, 
A.  B.  Northcote. 

A.  Vernon  Harcourt,  G.  D.  Liveing. 

II.  W.  Elphinstone,  W.  Odiing,  Prof. 


Roscoe. 
Prof.  Liveing,  II.  L.  Pattlnson,  J.  C. 

Stevenson. 
A.   V.   Harcourt,   Prof.   Liveing,   R. 


II.  Bence  Jones,  M.D.,  F.R.S.  ...  J.  II.  Atherton,  Prof.  Liveing.  W.  J. 


Russell,  J.  White. 

1867.  Dundee     ...  Prof.T.Anderson,M.D.,F.R.S.E.  A.  Crum  Brown,  Prof.  G.  D.  Liveing, 

|     W.  J.  Russell. 

1868.  Norwich   ...IProf.E. Frankland, F.R.S., F.C.S.  Dr.  A.  Cram  Brown,   Dr.  W.  J.  Rus- 

I     9  >11,  F.  Sutton. 

1869.  Exeter   ;Dr.  II.  Debus,  F.R.S.,  F.C.S.  ...  Prof.  A.  Crum  Brown,  M.D.,  Dr.  W. 

J.  Russell,  Dr.  Atkinson. 
Prof.  II.  E.  Roscoe,  B.A.,  F.R.S./Prof.  A.  Crum  Brown,  M.D.,  A.  E. 

Fletcher,  Dr.  W.  J.  Russell. 
Prof.  T.  Andrews,  M.D.,  F.R.S.  J.  T.  Buchanan,  W.  N.  Hartley,  T.  E. 


1870.  Liverpool... 

1871.  Edinburgh 

1872.  Brighton  ... 


Thori 


rpe. 
ills,  1 


Dr.  J.  H.  Gladstone,  F.R.S Dr.  Mills,  W.  Chandler  Roberts,  Dr, 

1     W.  J.  Russell,  Dr.  T.  Wood. 

GEOLOGICAL  (AND,  UNTIL  1851,  GEOGRAPHICAL)  SCIENCE. 

COMMITTEE  OF  SCIENCES,  III. — GEOLOGY  AND  GEOGRAPHY. 


1832.  Oxford IR.  I.  Murchison,  F.R.S. 

1833.  Cambridge  .JG.  B.  Greenough,  F.R.S. 

1834.  Edinburgh  JProf.  Jameson    


John  Taylor. 

W.  Lonsdale,  John  Phillips. 
Prof.   Phillips,    T.  Jameson   Torric, 
R:v.  J.  Yates. 


SECTION  C. — GEOLOGY  AND  GEOGRAPHY. 


1835.  Dublin 

1836.  Bristol  

1837.  Liverpool... 


R.  J.  Griffith  

Rev.  Dr.  Buckland,  F.R.S.—  Geo- 
graphy. R.I.  Murchison, F.R.S. 

Rev.Prof.  Sedgwick,F.R.S. — Geo- 
graphy. G.B,Greenough,F.R.S. 


Captain  Portlock,  T.  J.  Torrie. 
William  Sanders,  S.  Stutchbury,  T.  J. 

Torrie. 

Captain  Portlock,  R.  Hunter.— Geo- 
graphy, Captain  H.M,Denliam,R.N. 
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1838.  Newcastle... 

1839.  Birmingham 

1840.  Glasgow   ... 

1841.  Plymouth.. 

1842.  Manchester 
1813.  Cork 

1844.  York 

1845.  Cambridge;. 
1840.  Southampton 


C.  Lyell,  F.R.S.,  V.P.G.S.— Geo 
graphy.  Lord  Prudhope. 

Rev.  Dr.  Auckland,  F.R.S.— Geo. 
graphy.  G.B.Groonough,F.R.S. 

Charles  Lyell,  F.R.S.— Geogra- 
phy. G.  B.  Grecnough,  F.R.S. 

II.  T.  Do  la  Becho,  F.R.S. 

R.  I.  Murchison,  F.R.S 


1847.  Oxford 

1848.  Swansea    ... 

1849.  Birmingham  Sir  Charles 
18r>0.  Edinburgh* 


Richard    E.     Griffith,    F.R.S., 

M.R.I.A. 
llonry  Warburlon,  M.P. 

Gool.  Soe. 
Rev.  Prof.  Sedgwick,  M. A.,  F.R.S. 

LeonardlIorner,F.R.S. — Geogra- 
phy. G.  B.  Grcenough,  F.R.S. 

Very  Rev.  Dr.  Buckland,  F.R.S. 


W.  0.  Trevelyan,  Capt.  Portlock.— 
Geography.  Capt.  Washington. 

George  Lloyd,  M.D.,  H.  E.  Strickland, 
Charles  Darwin. 

W.  J.  Hamilton,  D.  Milne,  Hugh 
Murray,  II.  E.  Strickland,  John 
Scoula-r,  M.D. 

W.  J.  Hamilton,  Edward  Moorc,M.DM 
R.  Iluiton. 

E.  W.  Binney,  R.  Hutton,  Dr.  R. 
Lloyd,  If.  E.  Strickland. 

Francis  M.  Jennings,  II.  E.  Strick- 
land. 
Pres.  Prof.^Ansted,  E.  II.  Bunbury. 


Sir  II.  T.  Do  la  Beche,   C.B., 
F.R.S. 

Lyell,  F.R.S.,  F.G.S.; 

Sir  Roderick  I.  Murchison,F.R.S 


Rev.  J.  C.  Camming,  A.  C.  Rumsny, 

Rev.  W.  Thorp. 
Robert  A.  Au*tcn,  J.  If.  Norton,  M.D., 

Prof.  Oldham. —  Geography.  Dr.  C. 

T.  Beke. 
Prof.  Ansted,    Prof.  Oldham,  A.   C. 

Ramsay,  J.  Buskin. 
Starling  Benson,  Prof.  Oldham,  Prof. 

Ramsay. 
J.  Beete  "Jukes,  Prof.  Oldham,  Prof. 

A.  C.  Ramsay. 

A.  Keith  Johnsf on,  Hugh  Miller,  Pro- 
fessor Ni 


»N  c  (continued). — GKOLOGY. 

1851.  Ipswich     ...  William  Hopkins,  M.A.,  F.R.S...  C.  J.  F.  Bunbury,  G.  W.  Ormerod, 

Searles  Wood. 

1852.  Belfast Lieut.-Col.  Port  lock,  B.E  ,  F.R.S.  James  Bryce.  James  MacAdam,  Prof. 

I  |     M'Coy,  Prof.  Nicol. 

. i Prof.  HarknoBP,  William  Lawton. 
.'John  Cunningham,    Prof,    llarkncss, 

I     (1.  W.  Ormerod,  J.  W.  Woodall. 

1855.  Glasgow   ...'Sir  R.I.Murchison,  F.B.S James  Bryce,  Prof.  ITarkuess,  Prof. 

Nicol. 

Rev.  P.  B.  "Rrodic,  Rev.  R.  Hepworlli, 
Edward  Hull,  J.Si-ougall.T. Wright. 

Prof.  Ilarknoss,  Gilbert  Sanders,  Ro- 
bert II.  Scott. 

Prof.   Kicol,   II.   C.   Sorby,    E.    W. 
Shaw. 

Prof.  Hnrknc.58,  Bev.  J.  Longnmir,  H. 
C.  Sorby. 

Prof,   llarkuess,  Edward  Hull,  Capt. 
Woodall. 

Prof,  llarkncss.  Edward  Hull,  T.Ru- 
pert Jones,  Cl.  W.  Ormerod. 

Lucas  Barrett,  Prof.T.  Rupert  Jones, 
II.  C.  Sorby. 

E.  P.  Hojtl,  John  Danish,  II.  C.  Sor- 
by, Thomas  Sopwith. 


3.  Hull  'Prof.  Sedgwiolv,  F.R.S 

1854.  Liverpool  .  .Prof.  Edward  Forbes,  F.K.S. 


1856.  Cheltenham  jProf.  A.  C.  Ramsay,  F.R.S 

1857.  Dublin 'The  Lord  Tulbot  do  Malahide  ... 

1858.  Leeds    'William  Hopkins,  M.A.,  LL.D.. 


1850,  Aberdeen  ...!Sir  C'bnrles  Lyell,  LL.D.,  D.C.L. 
F.R.S. 


18GO.  Oxford 

1SG1.  Manchester 
1802.  Cambridge 
18G3.  Newcastle  ... 


Rev.    Prof.     Scdgwick,  LL.D., 

F.R.S.,  F.G.S. 

Sir  B.    I.    IMuivlu.son,  D.C.L.. 

LL.D.,  F.R.S.,  &e. 
J.  Bccle  Jukes,  M.A.,  F.R.S 

Prof.    Wnrington     W.  Smyth, 
F.R.S.,  F.U.S. 


*  At  the  Meeting  of  the  General  Committee  held  in  Edinburgh,  it  was  agreed  "  That  Iho 
subject  of  Geography  be  separated  from  Geology  and  combined  with  Ethnology,  to  consti- 
tute a  separate  Section,  under  the  title  of  the  ;'  Geographical  and  Ethnological  Section/' 
for  Presidents  and  Secretaries  of  which  see  page  JCXXYI. 
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Date  and  Place. 

Presidents. 

Secretaries. 

1864,  Bath     
1865.  Birmingham 
1866.  Nottingham 

Prof.  J.  Phillips,  LL.D.,  F.R.S., 
F.GKS. 
Sir  R.  I.  Murchison,  Bart.,K.C.B. 

Prof.A.C.  Eamsay,  LL.D.,  F.R.S. 

W.  B.  Dawkins,  J.  Johnston,  II.  C. 
Sorby,  W.  Pengclly. 
Key.  P.  B.  Brodie,  J.  Jones,  Rev.  E. 
Myers,  H.  C.  Sorby,  W.  Pengelly. 
R.  Etheridge,  W.  Pongolly,  T.  Wil- 
son, G.  II.  Wright, 

1867.  Dundee 

1868.  Norwich  ... 

1869.  Exeter  

1870.  Liverpool... 

1871.  Edinburgh.. 

1872.  Brighton  ... 


Archibald  Geikie,  F.R.S.,  F.G.S. 

j     "Woodward. 
R.  A.  C.  Godwin-Austen,  F.R.SjRcv.  O.  Fisher,  Rev.  J.   G-unn,  W. 

F  G  S  I     Pcngelly,  Rev.  II.  II.  Win  wood. 

Prof.  R.  Harknoss,  F.R.S.,  F.G.S.JW.  Pongelly,  W.  lto\  d  Dawkins,  Rev. 

I     H.  II.  Win  wood. 
Sir  Philip  de  M.  Grey  Egerton,!W^  Pen  golly,  Rov.  II%lT;Wmwood, 


Bart,  M.P.,  F.R.S. 
Prof.  A.  Geikio,  F.R.S.,  F.tt.S... 

R.  A.  C.  God  win- Austen,  F.R.S. 


W.  Boyd'DawkiiiH,  G.H.  Morton. 
R.  Etheridgo,  J.  Geikie,  J.  MC  Kenny 

HughPB,  L.  C.  Miall. 
L.  C.  Miall,  George  Scott,  William 

Topley,  Henry  Woodward. 


BIOLOGICAL  SCIENCES. 

COMMITTEE  OP  SCIENCES,  IV. ZOOLOGY,  BOTANY,  PHYSIOLOGY,  ANATOMY. 

1832.  Oxford Rev.  P.  B.  Duncan,  F.G.S Rev.  Prof.  J.  S.  Henslow. 


1834.  Edinburgh 


1833.  Cambridge*  Rev.  W.  L.  P.  Garnons,  F.L.S.... 


Prof.  Graham., 


C.  C.  Babington,  D.  Don. 
W.  Yarrell,  Prof.  Burnett. 


SECTION  D. — ZOOLOGY  AND  BOTAXY. 


1835.  Dublin  .  .. 

Dr.  Allman  

J.  Curtis,  Dr.  Litton. 
J.  Curtis,    Prof.  Don,    Dr.  Riley,  S. 
Rootsoy. 
C.  C.  Babington,  Rev.  L.  Jenyns,  W. 

1836.  Bristol  

Rev.  Pro  f.  Ilenslo  w  

1837.  Liverpool.. 
1838.  Newcastle..  . 

3839.  Briminghani 
1840.  Glasgow  ... 

1841.  Plymouth... 
1842.  Manchester 

1843.  Cork  
1844.  York  

1845.  Cambridge 
1846.  Southampton 

1847.  Oxford  

W  S  MacLcay                   

Sir  W.  Jardine,  Bart  

Swain  von. 
J.  E.  Gray,  Prof.  Jones,  R.  Owen,  Dr. 
Richardson. 
E.  Forbes,  W.  Ick,  R.  Patterson. 
Prof.  W.  Coupcr,  E.  Forbes,  R.  Pat- 
terson. 
J.  Couch,  Dr.  Lankester,  R.  Patterson. 
Dr.  Lankester,   R.  Patterson,   J.  A. 
Turner. 
(1.  J.  All  man,  Dr.  Lankesler,  11.  Pat- 
terson. 
Prof.  Allman,  II.  Goodhir,  Dr.  King, 
Dr.  Lankohter. 
Dr.  Lankcstcr,  T.  V.  Wollnston. 
Dr.  Laukester,  T.  Y.  AVolluston,  II. 
Wooldridge. 
Dr.  Lankier,  Dr.   Mchillc,  T.  V. 
Wollaston. 

Prof  Owen  FR  S     

Sir  W.  J.  Hooker,  LL.D  

John  Richardson,  M.D.,  F.R.S.  . 
Hon.  and  Very  Rev.  W.  Herbert, 
LL  D  ,  F.L.S. 

William  Thompson,  F.L.S  

Very  Rev.  The  Dean  of  Manches- 
ter. 
Rev.  Prof.  Henslow,  F.L.S  
Sir  J.  Richardson,  M.D.,  F.R.S. 

11.  E.  Strickland,  M.A.,  F.R.S.... 

SECTION  D  (continued).— ZOOIOGY  AND  BOTANY,  iNCLtiDiNG  IMITSIOLOGY. 
[For  the  Presidents  and  Secretaries  of  the  Anatomical  and  Physiological  Subsections 
and  the  temporary  Section  E  of  Anatomy  and  Medicine,  see  pp.  \xxvi.] 

1848.  Swansea    ...  L.  W.  Dillwyn,  F.R.S Dr.  R.  Wilbraham  Falconer,  A.  Hen" 

froy,  Dr.  Lankcster. 

1840.  Biriningham  William  Spenco,  F.R.S Dr.  Lankestor,  Dr.  Russell. 

1850.  Edinburgh. .  Prof.  Goodsir,  F.R.S.  L.  &E. ...  Prof.  J.  H.  ]j«nnctt,  M.D.,  Dr.  Lan- 
|  I     kcster,  Dr.  Douglas  Maclagan. 

*  At  this  Meeting  Physiology  and  Anatomy  were  made  a  separate  Committee,  for 
Presidents  and  Secretaries  of  which  soe  p.  xxxv. 
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Date  and  Place. 


Presidents. 


Secretaries. 


1851.  Ipswich 

1852.  Belfast 


Rev.  Prof.  Henslow,  M.A.,  F.R.S. 


1853.  Hull  , 

1854.  Liverpool  .. 
1S55.  Glasgow    .. 
1850.  Cheltenham 

1857.  Dublin  


W.  Ogilby 


C.  C.  Babington,  M.A.,  F.R.S... 

Prof.  Bnlfour,  M.D.,  F.R.S 

Rev.  Dr.  FJeeming,  F.R.S.E. 


Thomas  Bell,  F.R.S.,  Prcs.L.S... 
Prof.  W.I1.  Harvey,  M.D.,  F.R.S. 


Prof.  Allman,  F.  W.  Johnston,  Dr.  E. 

Lankester. 
Dr.  Dickie,  George  C.  Hyndman,  Dr 

Edwin  Lankcster. 
Robert  Harrison,  Dr.  E.  Lankester. 
Isaac  Byerley,  Dr.  E.  Lankester. 
William  Keddie,  Dr.  Lankester. 
Dr.  J.  Abercrombic,  Prof.  Buckman, 

Dr.  Lankester. 
Prof.  J.  R.Ivinahan,Dr.  E.  Lankcster» 

Robert  Patterson,  Dr.  W.  E.  Steele. 
Henry   Denny,  Dr.   Heat  on,  Dr.   E. 

Lankesier,  Dr.  E.  Porccval  Wright. 
Prof.  Dickie,  M.D.,  Dr.  E.  Lankcster, 

Dr.  Ogilvy. 
W.  S.  Church,  Dr.  E.  Larikester,  P. 

L.  Sclater,  Dr.  E.  Perceval  Wright* 
Dr.  T.  Alcock,  Dr.  E.  Lankester,  Dr. 

P.  L.  Sclater,  Dr.  E.  P.  Wright. 
Alfred  Newton,  Dr.  E.  P.Wright. 
Dr.  E.  Charlton,  A.  Newton,  Rev.  H. 

B.  Tristram,  Dr.  E.  P.  Wright, 
11.  B.  Brady,   C.  E.  Broom,  H.  T* 

Stainton,  Dr.  E.  P.  Wright. 
Dr.  J.  Anthony,  Rev.  C.  Clarke,  Rev. 
j     II.  B.  Tristram,  Dr.  E.  P.  Wright. 

BKCTIOX  J)  (continued'). — BIOLOGY*. 

1800.  Nottingham. |Prof.  Huxley,   LL.D.,  F.R.S.— [Dr.  J.  Bcddard,  W.  Felkin,  Rev.  H. 
riti/sioloqical  J)cp.  Prof.  Hum-'     B.    Tristram,    W.    Turner,   E.   B. 
phry,M.'l).,  F.R.S. —Anflirtqw-      Tylor,  Dr.  E.  P.  Wright. 
logical  J>ep.  Alfred  R.  Wallace, 
F.R  (U.S. 

1807.  Dundee Prof.  Sharper,  M.IX,  Sec.  R.S.—  C.  Spcnce  Bate,  t)r.  S.  Cobbold,  Dr. 

j/).  of  '/.oal.  and  Hot.    George      ""  "    ""' 


1858.  Leeds |C.  C.  Babington,  M.A.,  F.R.S.... 

1859.  Aberdeen  ...-Sir  W.  Jardinc,  Bart.,  F.R.S.E.. 

1800.  Oxford  ;Rev.  Prof.  Hcnslow,  F.L.S 

1801.  Manchester.. Prof.  C.  C.  Babington,  F.R.S. ... 

1802.  Cambridge...  Prof.  Huxloy,  F.R.S 

1803.  Newcastle  .JProf.  Balfour,  M.D.,  F.R.S 


1804.  Buth  |Dr.  John  E.  Gray,  F.R.S. 

.  1805.  Birmingham  T.  Thomson,  M.D.,  F.R.S. 


1808.  Norwich 


Busk,  M.IX,  F.K.S. 
Rev.    M.  J.  Berlvdov,  F.L.S.—' 


l)c p.   of 
Flower,  F.R.S. 


W.  H. 


1809,  Exeter   George  Busk,  F.R  S.,   F.L.S.— 


1870.  Liverpool. 


1871.  Edinburgh 


1872.  Brighton 


Hep.  of  Eat.  and  Zool.  C.  Sponce 
Bate,  F.H.S.— /Vp.  of  Ethno. 
E.  B.  Tylor. 


M.  Foster,  II.  T.  Stainton,  R^v.  II. 

B.  Tristram,  Prof.  W.  Turner. 
Dr.  T.  S.  Cobbold,  G.  W.  Firth,  Dr. 

M.  Foster,    Prof.  Lawson,    H.   T. 

Stainton,  Rov.  Dr.  II.  B.  Tristram, 

Dr.  E.  P.  Wright. 
Dr.  T.  S.  Cobbold,  Prof.  M.  Foster, 


M.D..  E.  Ray  Lankester,  Professor 
Lawson,  IT.  T.  Stainton,  ROT.  II.  B. 
_  Tristram. 

Prof.  G.  Rollesion,  M.A.,  M.D.JDr.  T.  S.  Cobbold,  St'basiim  Evans, 
F.R  S.,  F.L.S.  —  l)rp.  Anat.  and     Prof.  Lawson,  Tlios.  J.  Moore,  II. 


Prof.  M.  Foster,  M.D., 
F.L.S.— -/>/).  of  Ethno.  J. 
Evans,  F.R.S. 


T.  Slainton,  Rev.  II.  B.Tristram, 
C.  Staniland  Wake,  E.  Ray  Lan- 
kcster. 


Prof.  Allen  Thomson,M.D.,F.R.S.  Dr.  T.  R.  Frascr,  Dr.  Arthur  Gam  gee, 
—  J)cj>.  of  Hot.  and '/.out.  Prof.j  E.  Ray  Lankcster,  Prof.  Lawson, 
Wyvillo 'Thomson,  F.R.S.—  H.  T.  Stainton,  C.  Staniland  Wake, 
Dcp.  of  Authropo.  Prof.  W.  Dr.  W.  Rutherford,  Dr.  Xelbuvno 
Turner,  M.D,  King. 

Sir  John  Lubbock,  Bart,,  F.R.S.  Prof.  Thiselton-Dyer,  II.  T.  Stainton, 

Prof.  Lawson,  F.  W.  Rudler,  J.  II. 


— J)cp.  of  An  at.  and  Mii/sio. 


Lamprey,  Dr.  Gamgce,  E.  Ray  Lan- 
kester, Dr.  Pye  Smith. 


Dr.  Burdon  Sanderson,  F.R  S. 
• — D(p  of  Anthropo.  Col.  A. 
Lano  Fox,  F.G.S.  I 

*  At  the  Meeting  of  t  he  General  Committee  fit  Birmingham,  it  was  resolved:— "That  the 
title  of  Section  D  be  changed  to  Biology;"  and  "That  for  the  word  'Subsection,'  in  the 
rules  for  conducting  the  business  of  the* Sections,  the  word  '  Department*  bo  substituted, 
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Data  and  Place. 


Presidents. 


Secretaries. 


ANATOMICAL  AND  PHYSIOLOGICAL  SCIENCES. 

COMMITTEE  OP  SCIENCES,  V. ANATOMY  AND  PHYSIOLOGY. 


1833.  Cambridge...  Dr.  Haviland Dr.  Bond,  Mr.  Fagot. 

1831.  Edinburgh...  Dr.  Abercrombio    Dr.  Eoget,  Dr.  William  Thomson. 

SECTION  E.  (UNTIL  1847.) — ANATOMY  AND  MEDICINE. 

1835.  Dublin  pr.  Pritchard     Dr.  Harrison,  Dr.  Hart. 

1836.  Bristol  Dr.  Eoget,  F.E.S Dr.  Symonds. 

1837.  Liverpool ...  Prof.  W.  Clark,  M.D Dr.  J.  Carson,  jun.,  James  Long,  Dr. 

J.  E.  W.  Voso. 

1838.  Newcastle  . . .  T.  E.  Headlam,  M.D T.  M.  Oreenhow,  Dr.  J.  E.  "W.  Voso. 

1839.  Birmingham  John  Yelloly,  M.D.,  F.E.S Dr.  a.  O.  Eees,  F.  Eyland. 

1840.  Glasgow   i..  James  Watson,  M.D Dr.  J.  Brown,   Prof.  Couper,   Prof. 

Eeicl. 

1841.  Plymouth...?.  M.  Eoget,  M.D.,  Sec.E.S.    ...Dr.  J.  Butter,  J.  Fuge,  Dr.  E.  S. 

Sargent. 

1842.  Manchester.  Edward  Holme,  M.D.;  F.L.S.  ...  Dr.  Chaytor,  Dr.  E.  S.  Sargent. 

1843.  Cork Sir  James  Pitcairn,  M.D Dr.  John  Popham,  Dr.  E.  S.  Sargent. 

1844.  York J.  C.  Pritchard,  M.D I.  Erichsen,  Dr.  E.  S.  Sargent. 

SECTION  E. PHYSIOLOGY. 

1845.  Cambridge  .'Prof.  J,  Haviland,  M.D Dr.  E.  S.  Sargent,  Dr.  Webster. 

1840.  Southampton  Prof.  Owen,  M.D.,  F.E.S C.  P.Kcelo,  Dr.  Laycock,  Dr.  Sargent. 

1847.  Oxford*   ...  Prof.  Ogle,  M.D.,  F.E.S.; Dr.  Thomas   K   Chambers,   W.    P. 

I     Ormerocl. 

PHYSIOLOGICAL  SUBSECTIONS  OF  SECTION  D. 

1850.  Edinburgh    Prof.  Bennett,  M.D.,  F.E.S.E.      I 

1855.  Glasgow    ...  Prof.  Allen  Thomson,  F.E.S.    ...  Prof.  J.  H.  Corbett,  Dr.  J.  Struthcrs. 

1857.  Dublin Prof.  E.  Harrison,  M.D Dr.  E.  D.  Lyons,  Prof.  Eedfern. 

1858.  Leeds    Sir  Benjamin  Brodie,Bart..F.E.S.  C.  G.  Wheel  house. 

1859.  Aberdeen  ...  Prof.  Sharpey,  M.D.,  Sec.E.S.  ...  Prof.  Bennett,  Prof.  Eedfern. 

18GO.  Oxford Prof.  G.Eolleston,  M.D.,  F.L.S.  IDr.E.  M'Donnell,  Dr.  Edward  Smith. 

1801.  Manchester.  Dr.  John  Davy,  F.E.S.L.  &  E. ...  Dr.  W.  Koborts,  Dr.  Edward  Smith. 

1862.  Cambridge  .  C.  E.  Paget,  M.D G.  F.  Helm,  Dr.  Edward  Smith. 

1803.  Newcastle...  Prof.  Eolleston,  M.D.,  F.E.S.  ...  Dr.  D.  Embleton,  Dr.  W.  Turner. 

1864.  Bath Dr.  Edward  Smith,  LL.D.,  F.E.S.  J.  S.  Bartrum,  Dr.  W.  Turner. 

1865. Birminghmt.  Prof.  Acland,M.D.,LL.D.,  F.E.S. j Dr.  A.  Fleming,  Dr.P.ITeslop,  Oliver 

I     Pembleton,  Dr.  W.  Turner. 


GEOGBAPHICAL  AND  ETHNOLOGICAL  SCIENCES. 

[For  Presidents  and  Secretaries  for  Geography  previous  to  1851,  sec  Section  C,  p.  xrxii.] 

ETHNOLOGICAL  SUBSECTIONS  OF  SECTION  I). 


184G.  Southampton 

1847.  Oxford 

1848.  Swansea    ...i 

1849.  Birmingham 

1850.  Edinburgh.. 


Dr.  Pritchard 

Prof.  If.  H.  Wilson,  M.A. 


Vice- Admiral  Sir  A.  Malcolm  ... 


Dr.  King. 
Prof.  Buckley. 
G.  Grant  Francis. 
Dr.  E.  G.  Lai  ham. 
Daniel  Wilson. 


*  By  direction  of  the  General  Committee  at  Oxford,  Sections  D  and  E  were  incorporated 
under  the  name  of  "Section  D — Zoology  and  Botany,  including  Physiology"  (seep,  xxxiv). 
The  Section  being  then  vacant  was  assigned  in  1851  to  Geography. 

t  Vide  note  on  preceding  page. 
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Date  and  Place. 


Presidents. 


Secretaries. 


SECTION  E. GEOGRAPHY  AND  ETHNOLOGY. 


1851. 

1852. 
1853. 
1854. 

1855. 
185G. 
1857. 

1858. 

1850. 
I860. 
1801. 
18G2. 
18G3. 
1804. 
1805. 
I860. 

1807. 
1808. 


Ipswich     . . . 

Belfast 

Hull 

Liverpool . . . 
Glasgow  ... 
Cheltenham 

Dublin 

Leeds    

Aberdeen  ... 

Oxford 

Manchester. 
Cambridge  . 
Newcastle... 

Bath j 

Birmingham 
Nottingham 

Dundee 

Norwich   ... 


•'Sir  II.  I.  Murchison,  F.E.S.,  Prcs. 

E.G.S. 

Col.    Chesnoy,     E.A.,     D.C.L. 

F.E.S. 
E.  G.  Latham,  M.D.,  F.E.S.    ... 

Sir    E.    I.    Murchison,  D.C.L., 

F.E.S. 
jSir  J.  Richardson,  M.D.,  F.K.S. 


Col.  Sir  H.  C.  Rawlmson,  K.C.B. 

Eev.  Dr.  J.  Hcnthawn  Todd,  Prcs. 
E.l.A. 

Sir  E.  I.  Murchison,  G.C.St.S., 


R.  Cull,  Eev.  J.  W.  Donaldson,  Dr. 
Norton  Shaw. 

E.  Cull,  E.  MacAdam,  Dr.  Norton 
Shaw. 

E.  Cull,  Eev.  II.  W.  Kemp,  Dr.  Nor- 
ton Shaw. 

Richard  Cull,  Eev.  II.  Higgins,  Dr. 
Ihne,  Dr.  Norton  Shaw. 

Dr.  W.  G.  Blackie,  E.  Cull,  Dr.  Nor- 


ton  Shaw. 

E.  Cull,  F.  D.  Hartland,  W.  II.  Rum- 
Key,  Dr.  Norton  Shaw. 
E.  Cull,  S.  Ferguson,  Dr.  E.  R.  Mad- 
den, Dr.  Norton  Shaw. 
E.  Cull,    Francis  Gallon,   P.  O'Cal- 
laghan,  Dr.  Norton  Shaw,  Thomas 
Wright. 
Rear- Admiral   Sir   James  Clerk 'Richard  Cull,  Professor  Gcddes,  Dr. 

Ross,  D.C.L.,  F.E.S.  |     Norton  Shaw. 

Sir    R.    1.    Murchison,    D.C.L.,  Cnpt.  Burrows,  Dr.  J.  Hunt,  Dr.  C. 


F.E.S. 

John  Crawfurd,  F.E.S. 


Francis  Galton,  F.E.S. . 


Sir    R.   I.   Murchison,    K.C.B., 


Lemprioro,  Dr.  Norton  Shaw. 
Dr.  J.  Hunt,  J.  Kingsley,  Dr.  Norton 

Shaw,  W.  Spottiswoode. 
J.  W.    Clarke,   Rev.   J.  Glover,   Dr. 

Hunt,  Dr.  Norton  Shaw,  T.  Wright. 
C.   Carter   Blake,   Hume   Greenfield, 


F.R.S.  I     C.  E.  Alarkhuin,  E.  S.  Watson. 

'Sir    E.    I.   Murchison,    K.C.B.,  II,  W.  Bates,  C.  E.  Markham,  Capt. 
|     F.E.S.  |     R.  M.  Murchison,  T.  Wright. 

Major-General  Sir  E.  Rawlinson,  II.  W.  Bates,  S.  Evans,  G.  Jabct,  C. 

M.P.,  K.C.B.,  F.E.S.  |     R.  Markham,  Thomas  Wright. 

Sir    Charles    Nicholson,    Bart.,'IL  W.  Bates,  Eev.  E.  T.  Cusins,  E. 


LL.D. 
Sir  Samuel  Baker,  F.E.G.S 


II.  Major,  Clements  E.  Markham, 
D.  W.'Nash,  T.Wright. 
II.  W.  Bates,   Cyril  Graham,  C.  E. 


Mnrkham,  S.  J.  Mackie,  E.  Sturrock. 
Capt.G.II.Eichards,E.N.,F.E.S.T.  Baines,  11.  W.  Bates,  C.  R.  Mark- 

I     ham,  T.  Wright. 

SECTION  E  (continued). — GEOGHAPIIY. 

II.  W.  Bates,  Clements  E.  Markham, 

J.  H.  Thomas. 
II.  W.  Bates,  David  Buxton,  Albert 

J.  Mott,  Clements  R.  Markham. 
Clements   R.  Markham,   A    Buchan, 

J.  II.  Thomas,  A.  Keith  Johnston. 
H.  W.  Bates,  A.  Keith  Johnston,  Kcv. 
I  J.  Newton,  J.  II.  Thomas. 

STATISTICAL  SCIENCE. 

COMMITTEE  01'  SCIENCES,  VI. — STATISTICS. 


1800.  "Exeter   
1870.  Liverpool... 
1871.  Edinburgh. 
1872.  ttriirhlon  ... 

Sir  Bartlo  Frcrc,  K.C.B.,  LL.D., 
F.R.OX 
SirR,  I.  MurclnVon.Bt,,K.C.B., 
LL.D.,  D.O.L.,  F.E.S.,  F.G.S. 
Colonel  Yule,  C.B.,  F.E.G.S.  ... 

Francis  Galton,  F.R.S  

1833.  Cambridge  .  Prof.  Babbago,  F.E.S 

1834.  Edinburgh  .  Sir  Charles  Lemon,  Bart.  , 


J.  E.  Drinkwatcr. 

Dr.  Clcland,  C.  Hope  Maclean. 


SECTION  F. STATISTICS. 


1835.  Dublin 

1830.  Bristol 


Charles  Babbago,  F.E.S 

Sir  Charles  Lemon,  Bart.,  F.R.S. 


W.  Greg,  Prof.  Longfield. 
Rev.   J.   E.   Bromby,    C.   B.  Fripp, 
James  Heywopd. 


xxxvlii 


REPORT — 1872, 


Date  and  Place, 


1837.  Liverpool... 

1838.  Newcastle... 


Et.  Hon.  Lord  Sandon  . 
Colonel  Sykes,  F.R.S. 


1839.  Birmingham  Henry  Hallam,  F.E.S. 


1840.  Glasgow 

1841.  Plymouth... 

1842.  Manchester. 


Presidents. 


Et.  Hon.  Lord  Sandon,  F.E.S., 

M.P. 
Lieut. -Col.  Sykes,  F.E.S 


1843.  Cork 

1844.  York 

1845.  Cambridge  . 
1840.  Southampton 

1847.  Oxford 

1848.  Swansea    ... 


G.  W.  Wood,  M.P.,  F.L.S 

Sir  C.  Lemon,  Bart.,  M.P. 


Liout.-Col.  Sykes,  F.E.S,  F.L.S. 
Et.  Hon.  The  Earl  Fitzwilliam... 
G.  E.  Porter,  F.E.S. . 


Travcrs  Twiss,  D.C.L.,  F.E.S.  .. 
T.  H.  Vivian,  M.P.,  F.E.S 


1849.  Birmingham  Et.  Hon.  Lord  Lyttollon 


1850.  Edinburgh , 

1851.  Ipawich 

1852.  Belfast  


1853.  Hull  

1854.  Liverpool ., 

1855.  Glasgow  ... 


Very    Eev.    Dr.    John    Lee, 

V.P.E.S.E. 
Sir  John  P.  Boileau,  Bart, 


Secretaries. 


W.  E.  Greg,  W.  Langton,  Dr.  W.  C. 

Tayler. 

.  Cargill,  J.  Hey  wood,  W.  E.  Wood. 
F.  Clarke,  E.  W.  Bawson,  Dr.  W..C. 

Tayler. 
0.  E.  Baird,   Prof.  Eamsay,  E.  W. 

Eawson. 
Eev.  Dr.  Byrth,  Eev.  E.  Luney,  E. 

W.  Eawson. 
Eev.  E.  Luney,  0.  "W.  Ormerod,  Dr. 

W.  C.  Tayler. 

Dr.  D.  Bullen,  Dr.  \Y.  Cooko  Tayler. 
J.  Fletcher,  J.  Ileywood,  Dr.  Laycosk. 
J.  Fletcher,  W.  Cooko  Taylor,  LL.D. 
J.  Fletcher,  F.  G.  P.  Noiscm,  Dr,  W. 

C.  Tayler,  Eev.  T.  L.  Shapcott. 
Eov.  W.  II.  Cox,  J.  J.  Danson,  F.  G. 

P.  Ncison. 

J.  Floteher,  Capt.  E.  Shortredo 
Dr.  Finch,  Prof.  Hancock,  F.  G.  P. 

Neison. 
Prof.   Hancock,  J.  Fletcher,   Dr. 

Stark. 

, J.  Fletcher,  Prof.  Hancock. 

His   Grace    the  Archbishop    of  Prof.  Hancock,  Prof.  Ingram,  James 


Dublin. 
James  Heywood,  M.P.,  F.E.S. 
Thomas  Tooke,  F.E.S 


E.  Monckton  Milnes,  M.P 


MacAdam,  Jim. 

Edward  Cheshire,  William  Newmarch. 

E.  Cheshire,  J.  T.  Danson,  Dr.  W.  II. 
Duncan,  W.  Newmarch. 

J.  A.  Campbell,  E.  Cheshire,  W.  New- 
march,  Prof.  E.  II.  Walsh. 


SECTION  F  (continued). — ECONOMIC  SCIENCE  AND  STATISTICS. 


1856.  Cheltenham 

1857.  Dublin  

1858.  Leeds 


Et.  Hon.  Lord  Stanley,  M.P.   ... 


Dublin,  M.E.I.A. 
Mward  Baines 


1859.  Aberdeen  .. 

1860.  Oxford 

1861.  Manchester 


1862.  Cambridge. 

1863.  Newcastle.. 

1864.  Bath 


Col.  Sykes,  M.P.,  F.E.S.  ... 
Nassau  W.  Senior,  M.A.  ... 
William  Newmarch,  F.R.S. 


1865.  Birmingham 

1866.  Nottingham 

1867.  Dundee 

1868.  Norwich  .. 


Eev.  C.  II.  Bromby,  E.  Cheshire,  Dr. 


W.  N.  Hancock  Newmarch,  W,  M, 

Tartt. 
Grace    the    Archbishop  of  Prof.  Cairns,  Dr.  II,  D.  Hutton,  W. 

Newmarch. 
T.  B.  Baines,  Prof.  Cairns,  S.  Brown, 

Capt.  Fishbourne,  Dr.  J.  Strang. 
Prof.  Cairns,  Edmund  Macrory,  A.  M. 

Smith,  Dr.  John  Strung. 
Edmund   Macrory,    W.   Newmarch, 

Eev.  Prof.  J.  E.  T.  Rogers. 
David  Chadwick,  Prof.  E.  C.  Christie, 

E.  Macrory,   Eev.  Prof.  J.  E.  T. 

Rogers. 
H.  D.  Maclcod,  Edmund  Macrory. 


Edwin  Chadwick,  C.B 

William  Tito,  M.P.,  F.E.S IT.    Doublcday,     Edmund    Maerory, 


William    Farr,     M.D.,    D.C.L., 

F.E.S. 
Et.  Hon.   Lord  Stanley,  LL.D., 

M.P. 
Prof.  J.  E.  T.  Rogers 


M.  E.  Grant  Duff,  M.P. 


Frederick  Purely,  James  Pol  is. 
E.  Macrory,  E.  T.  Payne,  F.  Purely. 

G.  J.  D.  Goodman,  G.  J.  Johnston, 

E.  Macrory. 
E.  Birkin,  Jun.,  Prof,  Leono  Levi,  E. 

Macrory. 
Prof.  Leone  Levi,  E.  Macrory,  A.  J. 

Warden. 


Samuel  Brown,  Pres.  Instit.  Ac-  Eev.  W.  C.  Davio,  Prof,  Leono  Levi. 
tuarios.  I 


PRESIDENTS  AND  SECRETARIES  OF  THE  SECTIONS, 


XXXIX 


Date  and  Place. 

Presidents. 

Secretaries, 

1809  Exeter      .. 

Rt.  Hon.  Sir  Stafford  II.  North- 

Edmund  Macrory   Frederick  Purdy 

coto,  Bart.,  C.B.,  M.P. 

Charles  T  D.  Acland 

1870.  Liverpool... 
1871.  Edinburgh 

Prof.  W.  Stanley  Jevons,  M.A.  .  . 
Rt.  Hon.  Lord  Neaves  

Chas.  It.  Dudley  Baxter,  E.  Macrory, 
J.  Miles  Moss. 
J.  G.  Fitch,  James  Meiklo. 

1872.  Brighton  ...|Prof.  Henry  Fawcett,  M.P.  .!!...]j,  G,  Fitch,'  Barclay  PhiUi'ps. 
MECHANICAL  SCIENCE. 


SECTION  0.- — MECHANICAL  SCIENCE. 


1830. 

1837. 
1838. 
1839. 

1840, 

1841. 
1842. 


Bristol  |Davics  Gilbert,  D.C.L.,  F.R.S.. ..IT.  G.  Bunt,  G.  T.  Clark,  W.  West, 

Liverpool  . . .  jRev.  Dr.  Robinson (Charles  Vignolcs,  Thomas  Webster. 

Newcastle  . . .  I  Charles  Babbago,  F.R.S iR.  Hawthorn,  C.  Vignoles,  T.  Webster. 

BirminghamiProf.  Willis,  F^R.S.,  an-1  T>-*— '  w  '~' -^   •««"-—  TT — i™  rm_ 

I     Stophcnson. 
Glasgow    . . .  'Sir  John  Robinson 


,  Cork  , 
.  York  , 


1843. 

1844. 

1845.  Cambridge .. 

1840, 

1847. 

1848. 

1849. 

1850. 

1851.  Ipswich 

1852.  Belfast 


'.  Carpmael,  William  Ilawkes,  Tho- 
mas Webster. 

J.  Scott  Russell,  J.  Thomson,  J.  Tod, 
C.  Vignoles. 

Henry  Chatfleld,  Thomas  Webster. 

J.  F.  Bateman,  J,  Scott  Russell,   J. 
Thomson,  Charles  Vignolcs. 

James  Thomson,  Robert  Mallet. 
John  'Taylor,  F.R.S Charles  Vignoles,  Thomas  Webster. 


Plymouth . . .  John  Taylor,  F.R.S 

Manchester  JRev.  Prof.  Willis,  F.R.S.  , 


Prof.  J.  Macncill,  M.R.I.A. 


George  Rennie,  F.R.S I  Rev.  W.  T.  Kingsley. 

Southampton'Rev.  Prof.  Willis,  M.A.,  F.R.S.  .1  William  Betts,  Jun.,  Charles  Manby. 

Oxford  |Rev.  Prof.  Walker,  M.A.,  F.R.S.  J.  Glynn,  R.  A.  Le  Mcsurier. 

Swansea 'Rev.  Prof.  Walker,  M.A.,  F.R.S.jR.  A.  Le  Mcsurier,  W.  P.  Struv6. 

Birmingham' Robert  Stephonson,  M.P.,  F.R.S. 'Charles  Manby,  W.  P.  Marshall. 
Edinburgh  . JRev.  Dr.  Robinson     'Dr.  Lees,  David  Stephenson. 

William  Cubit  t,  F.R  S jJolm  Head,  Charles  Manby. 

John  Walker,C.E.,  LL.D.,  F.R.S.  John  F.   Bateman,    C.  B.  Hancock, 

Charles  Manby,  James  Thomson. 


,  iiuii , 


1853. 

1854. 

1855. 

1850.  Cheltenham 

1857.  Dublin  


.  Liverpool  . 
.  Glasgow    . 


William  Fairbairn,  C.E.,  F.R.S.. 
John  Scott  Russell,  F.R.S.   ... 
W.  J.  Macquorn  Rankine,  C.E., 


1858. 
1859. 


Leeds 

Aberdeen 


James  Oldham,  J.Thomson,  W.  Sykes 
Ward. 

John  Grantham,  J.  Oldham,  J.  Thom- 
son. 

L.   Hill,  Jun.,  William  Ramsay,  J. 
Thomson. 

C.  Atherton,  B.  Jones,  Jun.,  II.  M. 

Jeffery. 

The   Right  Hon.   Tho    Earl   of  Prof.  Downing,  W.T.Doync,  A.  Talc, 

James  Thomson,  Henry  Wright. 

J.  C.  Dennis,  J.  Dixon,  If.  Wright. 

R.  Abcrnethy,  P.  Lc  Nevo  Foster,  II. 


George  Rennie,  F.R.S. 


1800.  Oxford  

1801.  Manchester . 

1802.  Cambridge  .. 

1803.  Newcastle... 

1804.  Bath 

1805.  Birmingham 

1800.  Nottingham 

1807.  Dundee 

1808.  Norwich    ... 


Rosse,  F.R.S. 
William  Fairbairn,  F.R.S, 


Rov.  Prof.  Willis,  M.A.,  F.R.S.  . 

Prof.  W.  J.  Macquorn  Rankine. 

LL.D.,  F.R.S. 
J.  F.  Batoman,  C.E.,  F.R.S 

William  Fairbairn,  LL.D.,  F.R.S. 
Rev.  Prof.  Willis,  M.A.,  F.R.S.  . 


T.  ITawkshaw,  F.R.S  ............. 

Sir  W.   G.   Armstrong,    LL.D., 


Thomas      TTawksloy,      V.P.Tnst, 

C.E.,  F.G.S. 
Prof.  W.  J.  Macquorn  Rankine, 

LL.D,,  F.R.S. 


Wright. 
P.  Lc-Nevo  Foster,  Rev.  F.  Harrison, 

Henry  Wright. 
P.  Le  Neve  Foster,  John  Robinson,  II. 

Wright. 

W.  M.  Fawcett,  P.  Le  Neve  Foster. 
P.  Le  Neve  Foster,  P.  Westmacott,  J. 

F.  Spencer. 

P.  Lo  Neve  Foster,  Robert  Pitt. 
P.  Lo  Neve  Foster,  Henry  Lea,  W.  P. 

Marshall,  Walter  May. 
P.  Le  Neve  Foster,  J/F.  Isclin,  M. 

A.  Tarbottom. 
P.  Lo  Neve  Foster,  John  P.  Smith, 

W.  W.  Urquhart. 


G.  P.  Bidder,  C.E.,  F.R.G.S.   ...P.  Lo  Nevo  Foster,  J.  F.  Isclin,  C. 

1     Manby,  W.  Smith. 


REPORT — 1872. 


Dato  of  Place, 


Presidents. 


•Secretaries. 


1869.  Exeter   

1870.  Liverpool . . 

1871.  Edinburgh 

1872.  Brighton  ., 


C.  W.  Siemens,  F.R.S 

Chas.  -13.  Vignoles,  C.E.,  F.R.S.  . 

Prof.  Fleeming  Jenkin,  F.R.S.,,. 
F.  J.  Bramwell,  C.E 


P.  Lo  Neve  Poster,  II.  Bauerman. 
H.  Bauerman,  P.  Lo  Neve  Foster,  T. 

King,  J.  N.  Shoolbred. 
II.  Bauerman,  Alexander  Leslie,  J.  P, 

Smith. 
II.  M.  Brunei,  P.  Le  Nevo  Foster, 

J.  G-.  Gamble,  J,  N.  Shoolbred. 


List  of  Evening  Lectures. 


Bate  and  Place. 


Lecturer. 


Subject  of  Discourse. 


1842.  Manchester . 


1843.  Cork 


1844.  York  . 


1845.  Cambridge.. 

1846.  Southampton 


1847.  Oxford 

1848.  Swansea    ... 

1849.  Birmingham 

1850.  Edinburgh. 

1851.  Ipswich 

1852.  Belfast  


1853.  Hull 


1854.  Liverpool  ... 


Charles  Vignoles,  F.R.S, , 


Sir  M.  I.  Brunei  

R.  I.  Murchison 

Prof.  Owen,  M.D.,  F.R.S. 
Prof.  E.  Forbes,  F.R.S.  .. 


Dr.  Robinson    

Charles  Lyell,  F.R.S. 
Dr.  Falconer,  F.R.S. 


G.  B.  Airy,  F.R.S.,  A  stron.  Royal 

R.  I.  Murchison,  F.R.S 

Prof.  Owen,  M.D.,  F.R.S.   ... 

Charles  Lyell,  F.R.S 

W.  R.  Grove,  F.R.S 


Rev.  Prof.  B.  Powell,  F.R.S.  . . . 
Prof.  M.  Faraday,  F.R.S 

Hugh  E.  Strickland,  F.G.S. 
John  Percy,  M.D.,  F.R.S.  .., 


W.  Carpenter,  M.D.,  F.R.S.    ... 

Dr.  Faraday,  F.R.S 

Rev.  Prof.  Willis,  M.A.,  F.R.S. 

Prof.    J.    II.   Bennett,     M.D., 
F.R.S.E. 


Dr.  Mantel],  F.R.S 

Prof.  R.  Owen,  M.D.,  F.R.S. 


G.  B.  Airy,  F.R.S.,  Astron.  Roy. 
Prof.  G.G.  Stokes,D.C.L.,F.R.S 

Colonel  Portlock,  R.E.,  F.R.S. 


Prof.  J.  Phillips,  LL.D.,  F.R.S., 
F.G.S. 


Robert  Hunt,  F.R.S 

Prof.  R.  Owen,  M.D.,  F.R.S. 
Col.  E.  Sabine,  V.P.R.S 


The  Principles  and  Construction  of 
Atmospheric  Railways. 

The  Thames  Tunnel. 

The  Geology  of  Russia. 

Tlio  Dinornis  of  New  Zealand. 

The  Distribution  of  Animal  Life  ir» 
the  yEgean  Sea. 

The  Earl  of  Rosse's  Telescope. 

Geology  of  North  America. 

The  Gigantic  Tortoise  of  the  Siwalik 
Hills  in  India. 

Progress  of  Terrestrial  Magretism. 

Geology  of  Russia. 

Fossil  Mammalia  of  the  British  Isles. 

Valley  and  Delta  of  the  Mississippi. 

Properties  of  the  Explosive  substance 
discovered  by  Dr.  Schonbein ;  also 
some  Researches  of  his  own  on  the 
Decomposition  of  Water  by  Heat. 

Shooting-stars. 

Magnetic  and  Diainagnetic  Pheno- 
mena. 

The  Dodo  (Didus  incphts).) 

Metallurgical  operations  of  Swansea 
and  its  neighbourhood. 

Recent  Microscopical  Discoveries. 

Mr.  Gassiot's  Battery. 

Transit  of  different  Weights  with 
varying  velocities  on  Railways. 

Passage  of  the  Blood  through  the 
minute  vessels  of  Animals  in  con- 
nexion with  Nutrition. 

Extinct  Birds  of  New  Zealand. 

Distinction  between  Plants  and  Ani- 
mals, and  their  changes  of  Form. 

Total  Solar  Eclipse  of  July  28,  1851. 

Recent  discoveries  in  the  properties 
of  Light. 

Recent  discovery  of  Rock-salt  at  Car- 
rickfergus,  and  geological  and  prac- 
tical considerations  connected  with  it. 

Some  peculiar  phenomena  in  the  Geo- 
logy and  Physical  Geography  of 
Yorkshire. 

The  present  state  of  Photography. 

Anthropomorphous  Apes. 

Progress  of  researches  in  Terrestrial 
Magnetism. 


LIST  OF  EVENING  LECTURES. 


Xli 


Pate  and  Place. 


1855.  Glasgow 

1856.  Cheltenham 

1857.  Dublin  

1858.  Leeds 

] 850.  Aberdeen  ... 

I860.  Oxford 

18G1.  Manchester  . 

1862.  Cambridge  , 

1863.  Newcastlo- 

on-Tyno. 

1864.  Bath  

1865.  Birmingham 

1866.  Nottingham 

1867.  Dundee 

1868.  Norwich  ... 
1860.  Exeter  

1870.  Liverpool .. 

1871.  Edinburgh 

1872.  Brighton  . 


Lecturer, 


Subject  of  Discourse. 


r)r.  W.  B.  Carpenter,  F.B.S.  .. 
jieut.-Col.  H.  Eawlinson   


/ol.  Sir  II.  Bawlinson  . 


W.  E.  Grove,  F.E.S 

Prof.  W.  Thomson,  F.B.S. 
Rev.  Dr.  Livingstone,  D.C.L. 


Prof.  J.  Phillips,  LL.D.,  F.  U.S. 
Prof.  E.  Owen,  M.D.,  F.B.S.  .. 

irB.I.Murchison,  D.C.L 

Kev.  Dr.  Eobiuson,  F.B.S 

Rev.  Prof.  Walker,  F.B.S 

Captain  Shcrard  Oshorn,  B.N. 
Prof.  W.  A.  Miller,  M.A.,  F.R.S. 
G.  B.  Airy,  F.B.S.,  Astron.  Eoy. 
Prof.  Tyndall,  LL.D.,  F.B.S.  .. 

Prof.  Odling,  F.B.S 

Prof.  Williamson,  F.E.S 


James  Glaisher,  F.E.S.    ., 

Prof.  Boscoo,  F.E.S 

Dr.  Livingstone,  F.E.S.    . 
J.  Bceto  Jukes,  F.E.S 


William  Iluggins,  F.E.S.. 


Dr.  J.  D.  Hooker,  F.E.S 

Archibald  Geikie,  F.E.S 


Alexander  Hcrschel,  F.E.A.S. 


J.  Fergnsson,  F.E.S 

Dr.  W.  Odling,  F.E.S 

Prof.  J.  Phillips,  LL.D.,  F.E.S. 
J.  Norman  Lockyer,  F.E.S 

Prof.  J.  Tynclnll,  LL.D.,  F.E.S. 
Prof.  W.  J.  Mncquorn  Eankine, 

LL.D.,  F.E.S. 
F.  A.  Abel,  F.E.S 


E.  B.  Tylor,  F.E.S 

Prof.  P.  Martin  Duncan,  M.D., 

F.E.S. 
Prof.  W.  K.  Clifford 


Characters  of  Species. 

Assyrian  and  Babylonian  Antiquities 

and  Ethnology. 

Becent  discoveries  in  Assyria  and 
Babylonia,  with  the  results  of  Cunei- 
form research  up  to  the  present 
time. 

Correlation  of  Physical  Forces. 
The  Atlantic  Telegraph. 
Ecccnt  discoveries  in  Africa. 
The  Ironstones  of  Yorkshire. 
The  Fossil  Mammalia  of  Australia. 
Geology  of  the  Northern  Highlands. 
Electrical  Disci larges  in  highly  rare- 
fied Media. 

Physical  Constitution  of  the  Sun. 
Arctic  Discovery. 
Spectrum  Anal}  sis. 
The  late  Eclipse  of  the  Sun. 
The  Forms  and  Action  of  Water. 
Organic  Chemistry. 
The  chemistry  of  the  Galvanic  Bat- 
tery considered  in  relation  to  Dy- 
namics. 
Tho  Balloon  Ascents  made  for  the 

British  Association. 
Tho  Chemical  Action  of  Light. 
Boccnt  Travels  in  Africa. 
Probabilities  as  to  the  position  and 
extent  of  the  Coal-measures  beneath 
the  red  rocks  of  the  Midland  Coun- 
ties. 
The   results   of    Spectrum   Analysis 

applied  to  Heavenly  Bodies. 
Insular  Floras. 
Tho  Geological  origin  of  the  present 

Scenery  of  Scotland. 
Tho  presort,  state  of  knowledge  re- 
garding Meteors  and  Meteorites. 
Archaeology    of   the  early  Buddhist 

Monuments. 

Eeverse  Chemical  Actions. 
Vesuvius. 
The    Physical    Constitution   of    the 

Stairs  and  Nebula*. 

The  Scientific  LTse  of  the  Imagination. 
Stream-lines  and  Waves,  in  connexion 

with  Naval  Architecture. 
On  some  recent  investigations  and  ap- 

plicatious  of  Explosive  Agents. 
On  the  Eelntion  of  Primitive  to  Mo- 
dern Civilization. 
Insect  Metamorphosis. 
Tho  Aims  and  Instruments  of  Scien- 
tific Thought. 


Xlii 


REPORT— 1872, 


Bate  and  Place. 

Lecturer. 

Subject  of  Discourse. 

1867.  Dundee.. 

1868.  Norwich  , 

1869.  Exeter  .., 


1870.  Liverpool , 
1872.  Brighton  . 


Lectures  to  the  Operative  Classes. 


Prof.  J.  Tyndall,  LL.D.,  F.R.S. 
Prof.  Huxley,  LL.D.,  RR.S.  .. 
Prof.  Miller,  M.D,,  F.B.S 


Sir  John  Lubbock,  Bart.,  M.P., 

F.R.S. 
William    Spottiswoodo.    LL.D., 

F.R.S, 


Matter  and  Force. 

A  piece  of  Chalk. 

Experimental  illustrations  of  the 
modes  of  detecting  the  Composi- 
tion of  the  Sun  and  other  Heavenly 
Bodies  by  the  Spectrum. 

Savages. 

Sunshine,  Sea,  and  Sky. 
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REPORT— 1872, 


Table  shoivmg  the  Attendance  and  Receipts 


Date  of  Meeting. 

Where  held. 

Presidents. 

Old  Life 
Members, 

New  Life 
Members. 

1831,  Sept.  27  ,., 

York  

The  Earl  Fitzwilliam,  D.C.L.  ... 
The  Rev.  W.  Buckland,  F.R.S.  .. 
TheRcv.A.  Sedgwick,F.R.S.... 
Sir  T.  M.  Brisbane,  D.C.L  

... 

«'s 

169 

28 

J5° 
36 

10 

18 
3 

12 

9 

8 

10 

>3 
*3 

33 
H 
J5 

42 
27 

21 

1I3 

15 
36 
40 

44 
3' 
*5 
18 

21 

39 
28 

36 

1832,  June  19  ... 
1833,  June  25  ••• 
1834,  Sept.  8  ... 
1835,  Aug.  10  ... 
1836,  Aug.  22  ... 
1837,  Sept.  ji  ... 
1838,  Aug.  jo  ... 
1839,  Aug.  26  ... 
1840,  Sept.  17  ... 
1841,  July  20  ... 
1842,  June  23  ... 
1843,  Aug.  17  ... 

Oxford  

Cambridge    

Edinburgh    

Dublin   

The  Rev.  Provost  Lloyd,  LL.D. 
The  Marquis  of  Lansdowne  
The  Earl  of  Burlington,  F.R.S.  . 
The  Duke  of  Northumberland... 
The  Rev.  W.  Vernon  Harcourt  . 
The  Marquis  of  Breadalbanc  .  .  . 
The  Rev,  W.  Whewcll,F,B.S.... 
The  Lord  Francis  Egerton  
TheEarlofRosse,  F.R.S  
The  Rev.  G.  Peacock,  D.D  
Sir  John  F.  W.  Eerschcl,  Bart.  . 
Sir  Roderick  I.  Murchison,  Bart. 
Sir  Robert  II,  Inglis,  Bart  
The  Marquis  of  Northampton  .  .  . 
The  Rev.  T.  R.  Robinson,  D.D.  . 
Sir  David  Brewster,  K.H  
G.  B.  Airy,  Esq.,  Astron.  Royal  . 
Liout.-Genoral  Sabine,  F.R.S.  ... 
William  Hopkins,  Esq.,  F.R.S.  . 
The  Earl  of  Harrowby,  F.R.S.  .. 
The  Duke  of  Argyll,  F.R.S  
Prof.  C.G.B.Daubeny.M.D.... 
The  Rev.  Humphrey  Lloyd,  D.D. 
Richard  Owen,  M.D.,  D.C.L.  ... 

169 

3°3 
109 
226 

3i3 
241 

314 
149 

227 
235 
172 
164 
141 
238 
194 
182 
236 

222 
184 
286 
321 
239 
203 
287 
292 
207 
J67 
196 
204 

3H 
246 

245 

Bristol   

Liverpool  

Newcastle-on-Tyne  .. 
Birmingham  .    ,    , 

Glasgow    .... 

Plymouth  

Manchester    

Cork  

1844,  Sept.  26  .. 

York  

1845,  June  19  ... 
1846,  Sept.  10  ... 
1  847,  Juno  2  3  ... 
1848,  Aug.  9  
1849,  Sept.  12  ... 
1850,  July  2  1  ... 
1851,  July  2  
1852,  Sept.  i  ... 
1  8^,  Sept.  •?  ... 

Cambridge     

Southampton    
Oxford  

Swansea  

Birmingham  .   . 

Edinburgh     

Ipswich  
Belfast   .... 

Hull  

1854,  Sept.  20  ... 
1855,  ^pt.  12  ... 
1856,  Aug.  6.  
1857,  Aug.  26  ... 
1858,  Sept.  22  .. 

Liverpool  

Glasgow     

Cheltenham      .... 

Dublin  

Leeds  

1859,  ®epk  14  ... 
1860,  June  27  ... 
1861,  Sept.  4  ... 
1862,  Oct.  i  
i863>Aug.  26  ... 
1864,  Sept.  13  ... 
1865,  Sept.  6  ... 
1866,  Aug.  22  ... 
1867,  Sept,  4  ... 
1868,  Aug.  19  ... 
1869,  Aug.  1  8  ... 
1870,  Sept.  14  ... 
1871,  Aug.  2  
1872,  Aug.  14  ... 
1873,  Sept,  17  ... 

Aberdeen  

II.R.H.  The  Prince  Consort    .  .  . 
The  Lord  Wrottesley,  M.  A  
William  Fairbairn,  LL.D.,F.R.S. 
The  Rev.  Prof.  Willis,  M.  A.   ... 
Sir  William  G.  Armstrong,  C.B, 
Sir  Charles  Lyell,  Bart.,  M.A.... 
Prof.  J.Phillips,  M.A.,LL.D,... 
William  R.  Grove,  Q.C.,  F.R.S. 
The  Duke  of  Buccleuch,  K.C.B. 
Dr.  Joseph  D.  Hooker,  F.R.S.  . 
Prof.  G.  G.  Stokes,  D.C.L  
Prof,  T.  H.  Huxley,  LL.D  
Prof.  Sir  W.  Thomson,  LL.D.... 
Dr.  W.  B.  Carpenter,  F.R.S   ... 
J.  P.  Joule,  D.C.L,  F.R.S  

Oxford  

Manchester    

Cambridge    

Newcastlc-on-Tyno  .. 
Bath  
Birmingham  

Nottingham   

Dundee  

Exeter  

Liverpool  

Edinburgh     .... 

Brighton    

Bradford   *  

ATTENDANCE  AND  RECEIPTS  AT  ANNUAL  MEETINGS. 
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at  Annual  Meetings  of  the  Association. 


Al  tended  by 

Amount 
received 
during  the 
Meeting. 

Sum  a  paid  on 
Account  of 
Grants  for 
Scientific 
Purposes. 

Old 
Annual 
Members. 

New 
Annual 
Bombers, 

Associates. 

Ladies. 

Foreigners. 

Total. 

46 

75 
7i 
45 
94 
65 
'97 
54 
93 
128 
6r 
63 
56 

121 

142 

104 
I56 
III 

i   i*5 

177 
184 
150 

154 
182 
^5 
218 

193 

220 
229 
303 
311 
280 

3i7 
376 
185 
190 

22 

39 

40 

25 
33 
42 

47 
60 

57 

121 
JOI 

4» 

120 

91 

'79 
59 
125 

57 
209 
103 

*49 
105 
118 

117 

107 

195 
127 
80 

33t 

9'f 

407 

270 

495 
376 

447 
5io 
HI 
5'° 
367 
765 
1094 
412 
900 
710 
1206 
636 
1589 

433 
1704 
1119 
766 
960 
1163 
720 
678 
1103 
976 
937 

1  1  00* 

*6o* 
33r* 
160 
260 

172 
196 

203 
197 

237 
273 
141 
292 
236 
5H 
543 
346 
569 
5°9 
821 

463 

791 
242 
1004 
1058 
508 
771 
771 
682 
600 
910 

754 
912 

34 
40 

28 

35 
36 

53 
15 

22 

44 

37 

9 
6 

10 

26 

,1 

M 

22 

47 

15 

25 
»S 
13 
23 
ii 

u? 

17 
H 

21 

43 

353 

£  s.  d. 

£  s.  d. 

900 
1298 

20   0   0 

167  o  o 

434  H  ° 
918  14  6 
956  12  i 
1595  n  o 
1546  16  4 
1235  I0  JI 
1449  17  8 

1565  10   2 

981  12  8 
830  9  9 
685  16  o 

208  5  4 
275  i  8 
159  19  6 

345  i*  o 
391  9  7 
304  6  7 
205  o  o 

33°  19  7 
480  16  4 

734  n  9 
5°7  i5  3 
618  18  2 
684  ii  i 
1241  7  o 
mi  5  10 
1293  16  6 
1608  3  10 
1289  15  8 
1591  7  10 
1750  13  4 
1739  4  o 
1940  o  o 
1572  o  o 
1472  2  6 
1285  °  ° 

'35° 
1840 
2400 
1438 

*353 
891 

1VS 

1079 

857 
1260 
929 
1071 
1241 
710 
1108 
876 
1802 
2133 
1115 

2022 
1698 
2564 
1689 

3*39 
1161 

3335 
2802 
1997 
2303 
2444 
2004 
1856 
2878 
2463 
2533 

707  o  o 
963  o  o 
1085  o  o 
620  o  o 
1035  o  o 
903  o  o 
1882  o  o 
2311  o  o 
1098  o  o 
2015  o  o 
|  1931  o  o 
2782  o  o 
1604  o  o 
3944  o  o 
1089  o  o 
3640  o  o 
2965  o  o 
2227  o  o 
i  2469  o  o 
2613  o  o 
2042  o  o 
1931  o  o 
3096  o  o 
2575  o  o 
2649  o  o 

*  Ladies  were  not  admitted  by  purchased  Tickets  until  184.']. 

t  Tickets  for  admission  to  Sections  only.  f  Including  Ladies. 


advi  REPORT — 1872. 

OFFICERS  OF  SECTIONAL  COMMITTEES  PRESENT  AT  THE 
BRIGHTON  MEETING. 

SECTION  A. MATHEMATICS  AND  PHYSICS. 

JVewYfai*— Wajren  Do  La  Rue,  D.C.L.,  Ph.D.,  F.R.S.,  V.P.R.A.S.,  V.P.C.S. 
Vice-Presidents. — Professor  G.  C.   Foster,  F.R.S. ;    Professor  F.   Fuller ;   James 

Glaisher,  F.R.S. :    Lord  Lindsay,  J.  N.  Lockyer,  F.R.S. ;  Professor  Phillips, 

F.R.S.  5  Professor  II.  J.  S.  Smith,  F.R.S.;  W.  Spottiswoodo,  LL.D.,  F.R.S. ; 

Sir  W.  Thomson,  LL.I).,  F.R.S.  ;  Sir  Charles  Wheatstone,  F.R.S. 
Secretaries.— Professor  W.  K  CHiFord,  M.A.  j  J.  W.  L.  Glaisher,  B.A.,  F.R.A.S.  5 

Professor  A.  S.  Herschel,  B.A.,  F.R.A.S.  ;  G.  F.  Rodwell,  F.R.A.S. 

SECTION  B. — CHEMISTRY  AND  MINERALOGY,  INCLUDING  TI1EIR  APPLICATIONS  TO 
AGRICULTURE  AND  THE  ARTS. 

President.—  Dr.  J.  Hall  Gladstone,  F.R.S.,  F.C.S. 

rice-Presidents.— F.  A.  Abel,  F.R.S.,  F.C.S. ;  Professor  A.  Omm  Brown,  M.D., 
F.R.S.E.;  Professor  Williamson,  F.R.S.;  J.  II.  Gilbert,  Ph.D.,  F.R.S. ;  Sir 
Benjamin  Brodie,  Bart.,  F.R.S. ;  Professor  G.  C.  Foster,  F.R.S. 

/Secretaries.—!)*  Mills:  W.  Chandler  Roberts,  F.C.S. :  Dr.  W.  J.  Russell,  F.R.S. ; 
T.  Wood,  Ph.D. 

SECTION  C. — GEOLOGY. 

President.— "R.  A.  C.  Godwin-Austen,  F.R.S.,  F.G.S. 

Vice-Presidents, — Thomas  Davidson,  F.R.S.,  F.G.S. ;  Professor  P.  Martin  Duncan, 

M.D.,  F.R.S.  F.G.S. ;  Rev.  Thomas  Wiltshire,  M.A.,  F.G.S.,  F.L.S.;  Professor  J. 

Phillips,  M.A.,  LL.D.,  F.R.S. ;  J.  Prestwich,  F.R.S.,  F.(  J.S. 
Secretaries. — Henry  Woodward.  F.G.S. ;  Louis  C.  Miall:  George  Scott:  William 

Topley,  F.G.S. 

SECTION  D. BIOLOGY. 

President.— SIT  John  Lubbock,  Bart.,  M.P.,  V.P.R.S. 

Vice-Presidents.-^ Professor  Balfour,  M.D.,  F.R.S.;  John  Ball,  F.R.S.;  John 
Beddoe  M.D. ;  George  Bentham,  F.R.S. ;  J.  Cordy  Burrows,  M.I). ;  T.  Spencer 
Cobbold,  M.D.,  F.R.S.;  Professor  Flower,  F.R.S. ;  Col.  A.  Lnuc  Fox,  F.G.S ; 
Joseph  D.  Hooker,  C.B.,  M.D.,  F.R.S.;  J.  Gwyn  Jeffreys,  F.R.S.;  J.  Bunion 
Sanderson,  M.D.,  F.R.S.;  Professor  Wyville  Thomson,  M'.D.,  F.R.S. 

Secretaries. — Professor  Thiselton-Dyer,  B.A.,  II.  T.  Staintoii,  F.R.S. ;  Professor 
Lawson,  F.L.S.;  F.  W.  Rudler  F.G.S.;  J.  II.  Lamprey;  Dr.  Uamgee,  F.R.S.; 
E.  Ray  Lankester,  M.A. ;  Dr.  Pye-Smith. 

SECTION  E. GEOGRAPHY  AND  ETHNOLOGY. 

President.— Francis  Galton,  F.R.S.,  F.G.S.,  F.R.G.S. 

Vice- Presidents. — Clements  R.  Markham,  C.B.,  F.L.S.,  F.R.G.S. ;  AFajor-Gencral 

Sir  Henry  Rawlinson,  K.C.B.,  Pres.  R.G.S. ;  Mnjor-Gt'iu'ral  Straehey,  U.K., 

F.R.S.,  1\R.G.S.;    Vice-Admiral  Omnmnney,  C.H.,  F.R.S..  F.R.G.S.;    Jolni 

Arrowsmith,  F.R.G.S.;  A.  G.  Findiay,  F.R.G.S. 
Secretaries.—  W.  II.  Bates,  F.R.G.S.;  A.   Keith  Johnston,  F.R.G.S.;   Rev.  J. 

Newton,  M.A.;  J.  II.  Thomas,  F.R.G.S. 

SECTION  F. ECONOMIC  SCIENCE  AND  STATISTICS, 

President. — Professor  Henry  Fawcett,  M.A.,  M.P. 
Vice-Presidents. — Sir  John  Bowring;   M.  E.  Grant  Duff,   M.P. ;  Sir  James  I\. 

Alexander;  Right  lion.  J.  G.  Dodson,  M.P. ;  James  White,  M.P. ;  R.  Dudley 

Baxter,  M.A. ;   William  Newmarch,  F.R.S. 
Secretaries. — J.  G.  Fitch,  M.A. ;  Barclay  Phillips. 

SECTTOM  G. — MECHANICAL  SCIENCE. 

President. — F.  J.  Bramwell,  C.E. 

Vice-Presidents.— John  Hawkshaw,  F.R.S. ;  C.  W.  MerrinYld,  F.R.S. ;  Charles  B. 
Yignoles,  F.R.S.;  Prof.  W.  J.  Macquorn  Runkine,  LL.D..  F.R.S.:  James 
Nasmyth,  C.E. ;  W.  Froude,  F.R.S.  ' 

Secretaries.— II.  M.  Brunei  j  P.  Le  Neve  Foster;  M.A.j  John  G.  Gamble,  B.A.- 
James N,  Shoolbred,  J 


OFFICERS  AND  COUNCIL,  1872-73. 


TRUSTEES  (PERMANENT). 

General  Sir  EDWARD  SABIKK,  K.C.B.,  R.A.,  D.C.L.,  F.R.S. 
Bir  PHILIP  DK  M.  GKEY-EOEKTON,  Bart.,  M.P.,  F.R.8.,  F.G.S 
Sir  JOHX  LUBHOCK,  Bart,  M.P.,  F.R.S.,  F.L.S. 

PRESIDENT. 
DR.  W.  B.  CARPENTER,  LL.D.,  F.R.8.,  F.L.8.,  F.GKS. 


VICE-PRESIDENTS. 

The  Right  ITon.  the  EABL  OF  CHICHESTEH,  Lord  j  Hi »  Grace  The  DUKE  OF  DEVONSHIRE,  K.G., 
Lieul  eiwnl  of  the  County  of  Bussi-x.  |     D.C.L.,  F.R.S. 


II  IH  (.race  The  DUKK  OF 
Ilia  Grace  The  DUKE  OF  RICHMOND,  K.G.,  P.C., 
D.C.L. 


Hir.JoHxLrimoeK,Bart.,M.P.,F.R.8..F.L.S.,F.G.S. 
Dr.  BHABPEY,  LL.D.,  Bee.  R.8.,  F.L.S. 
J.  PKESTWJCH,  Esq.,  F.R.8.,  Pres.  G.8. 


PRESIDENT  ELECT. 

JAMES  PRESCOTT  JOULE.,  ESQ.,  D.C.L.,  LL.D.,  F.R.8. 

VICE-PRESIDENTS  ELECT. 


The  Right  Hon.theEARLOFRossF,,F.R.8.,F.R.A.S, 
The  Right  Hon.  LORD  HOUUHTON,  D.C.L.,  F.R.8. 
The  Right  Hon.  W.  E.  FORSTER,  M.P. 
The  MAYOK  or  Bit  \DFOIU>. 


J.  P.  GASSIOT,  Esq.,  D.C.L.,  LL.D.,  F.R.8. 
Professor  PHILLIPS,  D.C.L.,  LL.D.,  F.R.S. 
JOHN  HAWKSHAW,  Esq.,  F.R.8.,  F.G.S. 


LOCAL  SECRETARIES  FOR  THE  MEETING  AT  BRADFORD. 

The  Rev.  J.  R.  CAMPUKLL,  D.D. 
RICH  um  GOHD  \KI>,  Esq. 
PKILE  THOMPSON,  Esq. 

LOCAL  TREASURER  FOR  THE  MEETING  AT  BRADFORD. 

ALFKED  HAIUUS,  Jun.,  Esq. 

ORDINARY  MEMBERS  OF  THE  COUNCIL. 


BATEMAX,  J.  F.,  Esq.,  F.R.S. 

BI;I»DOK,  JOHN,  M.D. 

DMU'H,  Dr.  II..  F.R.S. 

J)K  LA  Rri  ,  \N  AMKKN,  Esq.,  F.R.S. 

K\'A>8,  JOHN,  Knq,  F.K.S. 

FiTrii.J.  (}.,  Esq.,  M.A. 

FLOWKH.  Professor  W.  IT  ,  F.R.S. 

FOSTKK,  Prof.  (J.  C,  F.li.S. 

(S  ALTON,  FllAM'iy,  Esq  ,  F.R.S. 

GoDWiN-Arsi-Kv,  R.  A.  (\,  Ksq.,  F.R.S. 
JliRsr,  Dr.  T.  A  urn  Kit,  F.R.S. 
HIUJGINS,  WILLIVM,  Esq.,  D  C.L.,  F.R.S. 
JEFFREYS,  J.  G\VYX,  Esq.,  F.R.8. 


LOCKYKR,  J.  N.,  Esq.,  F.R.S. 
MKRIUFIKLD,  C  W.,  Esq.,  F.R.S. 
NoKTHroTE,ltt.Hon.8irSTAFn>RDH.,Bt.,M.P. 
RAMSAY,  Professor,  LL.D.,  F.R.S. 
RAWI  LNSOV,  Sir  H.,  K.C.B.,  F.R.S. 
Bt'L\TKR,  Dr.  P.  L.f  F.RS. 
HiKMi  >is,  C  W.,  Esq.,  D.C.L.,  F.R.S. 
KTKU'itr.Y.  Major-General,  F.R.S. 
HruAMJK,  Lieut.-Coloni-l  A.,  F.R.S. 
TYM»ALL,  Professor,  LL.D.,  F.R  8. 
WnKAT8'ie»E,  Professor  Sir  C.,  F.R.S. 
WILLIAMSON,  Professor  A.  W.,  F.R.S. 


Richard  Owen,  M.D.,  D.C.L. 
Sir  W.  Fnirlxnrn,  Bart,  LL.D. 
The  Rev.  Prof.'snor  Willie,  F.R.P. 
Sir  W.  G.  Armstrong,  C.B.,  LL.D. 
Sir  Chas.  Lyell,  Ihirt.,  M.A  ,LL.D. 
Professor  iMiillips,  M.A.,  D.C.L. 


Sir  William  R.  Grovo,  F.R.S. 
The  Duke  of  Bueeleueh,  K.B. 
Dr.  Josepli  D.  Hooker,  D.C.L. 
Prof»-88or  Stoliee,  C.B.,  D.C.L. 
Prof.  Huxley,  LL.D. 
Prof.  Sir  W .  Thomson,  D.C.L. 


EX-OFFICIO  MEMBERS  OF  THE  COUNCIL. 

The  President  and  President  Elect,  the  Vice-Presidents  and  Vice-Presidenta  Elect,  the  General  and 

Assistant  General  Secretaries,  the  General  Treasurer,  the  Trustees,  and  the  Presidents  of  former 

years,  via. : — 

The  Duke  of  Devonshire. 

The  Rev.  T.  R.  Robinson,  D,D. 

Bir  G.B.  Airv,  Astronomer  Royal. 

General  Hir'K.  Subine,  K.C.B. 

The  Earl  of  II  arrow  by. 

The  Duke  of  Argyll. 

The  Rev.  II.  Lloyd,  D.D. 

GENERAL  SECRETARIES. 

fniit.  DoraLAS  GALTON,  C.B.,  R.E.,F.R.S.,  T.G.S.,  12  Chester  Street,  Grosveuor  Place,  London,S.W. 
Prof.  MICHAEL  FoSTK«,.M.D.,  F.R.8.,  Trinity  College,  Caiulndge. 

ASSISTANT  GENERAL  SECRETARY, 

GEOROK  GuiFFiTJLi,Esq.,  M.A.,  Harrow-ou-the-hill,  Middlesex, 

GENERAL  TREASURER. 
WILLIAM  SPOTTISWOODK,  Ebq.,  M.A  ,  LL.D.,  F.R.S.,  F.H.G.S.,  50  Grosvenor  Place,  Lohdon,S.W. 

AUDITORS. 
Jolm  Ball,  Esq.,  F.R.S.          J,  Gtvyn  Ji  ffroys,  KMI-,  F.R.B.          Colonel  Lane  Fox  F.Q.S, 
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Report  of  the  Council  for  the  Year  1871-72  presented  to  the  General 
Committee  at  Brighton,  on  Wednesday,  August  \^th,  1872. 

At  each  of  their  Meetings  during  the  present  year,  the  Council  have 
received  a  Beport  from  the  General  Treasurer,  and  his  Iteport  for  the  year 
will  be  laid  before  the  General  Committee  this  day. 

The  Council  have  to  announce  that  a  vacancy  has  occurred  in  the  number 
of  the  Trustees  in  consequence  of  the  death  of  Sir  Roderick  Murchison. 

The  Council  take  this  opportunity  of  expressing  their  regret  at  the  great 
loss  which  Science  has  sustained  by  his  death.  He  worked  long,  earnestly, 
and  with  eminent  success  in  the  Sciences  of  Geology  and  Geography,  and  was 
at  all  times  a  steady  patron  of  rising  Scientific  Men  in  all  branches  of  Science. 
He  was  a  Member  and  strenuous  supporter  of  this  Association  at  its  first 
formation  in  1831,  and  continued  until  the  close  of  his  life  a  very  constant 
attendant  at  its  Meetings  and  a  firm  promoter  of  its  interests. 

The  Council  recommend  that  Sir  John  Lubbock,  Bart.,  be  selected  to  fill 
the  vacancy. 

The  list  of  Sectional  Officers,  which  the  Council  will  submit  to  the  General 
Committee,  has  been  arranged  in  accordance  with  the  resolution  of  tho 
General  Committee  at  the  Meeting  at  Edinburgh  in  1871,  viz.  the  Section 
of  Biology  has  been  divided  into  the  three  Departments  of  Anatomy  and 
Physiology,  Anthropology,  and  Zoology  and  Botany,  and  the  Council  have 
designated  the  Chairmen  and  Secretaries  to  take  charge  of  the  several 
Departments. 

In  accordance  with  the  following  resolution  of  tho  General  Committee  at 
Edinburgh,  viz. : — 

That  tho  President  and  General  Officers,  with  power  to  add  to  their 
number,  be  requested  to  take  such  steps  as  may  seem  to  them  desi- 
rable in  order  to  promote  observations  on  the  forthcoming  Total  Solar 
Eclipse, 

a  Committee  was  formed,  consisting  of  tho  President,  and  General  Officers  of 
the  Association,  Professor  J.  C.  Adams,  Sir  G.  B.  Airy,  Astronomer  Koyal, 
Professor  Clifton,  Mr.  De  La  Kue,  Dr.  Erankland,  Mr.  Hind,  Mr.  Lassell, 
President  H.A.S.,  Lord  Lindsay,  Mr,  Lockycr,  General  Sabine,  General  Stra- 
chey,  Colonel  Strange,  and  Professor  Stokes ;  and  a  Letter  was  addressed  by 
the  President  to  the  First  Lord  of  the  Treasury,  requesting  the  Government 
to  contribute  £2000  towards  the  expenses  of  the  Expedition,  to  afford  to  tho 
Expedition  the  assistance  of  a  Government  Steamer  to  convey  tho  parties 
composing  it  to  the  Stations  for  observation  selected  on  the  Coasts  of  Ceylon 
and  India,  and  to  obtain  for  the  Expedition  the  cooperation  of  the  Governor- 
General  of  India  and  of  the  Governor  of  Ceylon. 

Her  Majesty's  Government  acceded  to  the  request  contained  in  this  letter. 
The  Expedition  was  formed  by  the  Committee,  and  proceeded  to  Ce}ion  and 
India  in  the  charge  of  Mr.  Lockyer  and  Dr.  Thomson.  The  Governor-General 
of  India  and  the  Governor  of  Ceylon  forwarded  the  objects  of  the  Expedition 
by  all  means  in  their  power. 
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The  report  of  the  proceedings  and  results  of  the  Expedition  will  be  pre- 
sented to  the  Association  by  the  Eclipse  Committee  in  the  usual  course. 

The  Council  have  received  a  communication  from  the  Royal  Astronomical 
Society,  informing  them  that  that  body  contemplated  printing,  in  a  separate 
volume  of  their  Transactions,  the  results  of  the  observations  of  the  Solar 
Eclipses  of  1860  and  1870;  and  that,  under  these  circumstances,  they  con- 
sidered it  would  be  advantageous  to  Science  to  publish,  in  the  same  manner, 
the  results  of  the  Observations  made  in  1871,  under  the  auspices  of  the 
British  Association;  thus  presenting  a  Record  of  all  these  Observations  in 
one  uniform  Series. 

The  Council  resolved  to  accept  the  proposal  of  the  Council  of  the  Royal 
Astronomical  Society,  and  they  appointed  a  Committee,  consisting  of  Mr. 
Warren  De  La  Hue,  Colonel  Strange,  Dr.  Huggins,  and  Mr.  Lockyer,  to 
arrange  the  necessary  details  with  the  Council  of  the  lloyal  Astronomical 
Society. 

There  were  five  other  resolutions  referred  to  the  Council  for  consideration 
or  action,  upon  which  the  proceedings  of  the  Council  have  been  as  follows : — 

First  Resolution. — "  That  the  President  and  Council  of  the  British  Asso- 
ciation be  authorized  to  cooperate  with  tho  President  and  Council  of  the 
Royal  Society,  in  whatever  way  may  seem  to  them  best,  for  the  promotion  of 
a  Circumnavigation  Expedition,  specially  fitted  out  to  carry  the  Physical  and 
Biological  Exploration  of  tho  Deep  Sea  into  all  the  Great  Oceanic  areas.'"' 

A  copy  of  this  Resolution  was  forwarded  to  the  Royal  Society,  and  a  Com- 
mittee was  appointed,  consisting  of  the  President  and  Officers  of  the  Asso- 
ciation, Dr.  Carpenter,  Professor  Huxley,  Mr.  Gwyu  Jeflreys,  Mr.  C.  W. 
Siemens,  and  Professor  Williamson,  and  authorized  to  cooperate  with  the 
Committee  of  the  Royal  Society  in  carrying  out  the  objects  referred  to  in  the 
Resolution.  The  Expedition  has  been  organized,  the  ship  *  Challenger '  is 
being  fitted  out  at  Sheerncss,  Captain  Nares  has  been  appointed  to  the  com- 
mand, and  Professor  Wyville  Thomson  (who  has  obtained  three  years'  leave 
of  absence  from  the  University  of  Edinburgh)  is  appointed  to  the  Scientific 
charge,  with  an  adequate  Stall'  under  him.  It  is  haped  that  the  Expedition 
will  sail  about  the  end  of  November. 

Second  Resolution. — "  1.  That  it  is  desirable  that  the  British  Association 
apply  to  the  Treasury  for  Funds  to  enable  the  Tidal  Committee  to  make 
observations  and  to  continue  their  calculations. 

"  2.  That  it  is  desirable  that  the  British  Association  should  urge  upon 
the  Government  of  India  the  importance,  for  navigation  and  other  practical 
purposes,  and  for  science,  of  making  accurate  and  continued  observations  on 
the  Tides  at  several  points  on  the  const  of  India/' 

The  Council  added  General  Straehey  to  the  Committee  on.  Tides.  Tho 
Government  of  India,  upon  their  application,  have  agreed  to  defray  the 
expense  of  making  Tidal  observations  in  India,  and  of  causing  the  experi- 
ments to  be  reduced  according  to  the  methods  devised  by  the  Committee  on 
Tides. 

In  pursuance  of  tho  first  part  of  this  Resolution,  the  C  mnnittee  on  Tides 
being  authorized  by  the  Council  to  make  an  application  to  the  Government, 
presented  tho  following  Memorial  to  the  Lords  Commissioners  of  H.M. 
Treasury : — 


1872, 
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"  To  the  Right  Honourable  the  Lords  Commissioners  of  Her  Majesty's  Treasury, 
The  Memorial  of  the  British  Association  for  the  Advancement  of  Science. 

"  HUMBLY  SHEWETH, 

"  1.  That  in  "the  year  1867  the  British  Association  appointed  a  Com- 
mittee 'for  the  purpose  of  promoting  the  extension,  improvement,  and 
harmonic  analysis  of  tidal  observations.'  Erom  that  time  until  the  present, 
under  Committees  reappointed  from  year  to  year,  the  proposed  work  has  heen 
carried  on.  The  mode  of  procedure  adopted,  and  the  results  obtained  up 
to  the  month  of  August  1871,  are  fully  stated  in  the  accompanying  scries  of 
printed  reports. 

"  2.  The  primary  object  of  the  investigation  is  the  advance  of  tidal  science ; 
but  the  Committee  have  uniformly  kept  in  view  the  practical  application 
of  their  results  to  Physical  Geography,  Meteorology,  Coast  and  Harbour 
Engineering,  and  Navigation. 

"  3.  A  largo  mass  of  valuable  observations  recorded  by  self-registering 
tide-gauges  during  the  last  twenty  years  having  been  found  available,  the 
Committee  have  applied  themselves  in  the  first  place  to  the  reduction  of 
these  observations,  and  have  deferred  the  object  of  promoting  observations 
in  other  localities  until  the  observations  already  made  have  bccu  utilized  to 
the  utmost. 

"4.  The  work  thus  undertaken  has  proved,  as  was  anticipated,  most 
laborious.  The  calculations  have  been  performed,  under  the  superintend- 
ence of  Sir  "William  Thomson,  by  skilled  calculators  recommended  by  the 
Nautical  Almanac  Office.  The  funds  required  to  pay  the  calculators,  and  to 
print  and  prepare  Tables,  forms  for  calculation,  &c.,  to  the  amount  of  .£600, 
have  been  granted  by  the  British  Association  in  four  successive  annual 
allowances  of  .£100  each,  and  a  sum  of  .£200  voted  at  the  last  Meeting. 
The  last  grant  barely  sufficed  for  the  work  actually  in  hand,  and  to  secure 
the  continuance  of  the  investigation  additional  funds  are  necessary.  The 
Council  of  the  British  Association  therefore  directed  the  Tidal  Committee  to 
make  an  application  to  the  Government  for  assistance,  the  amount  at  present 
asked  for  being  limited  to  .£150. 

"5.  It  seemed  to  the  Council  that  after  the  Association  had  done  so  much 
in  the  way  of  actual  expenditure  of  time  by  the  Members  of  its  Committee, 
and  had  given  such  a  large  contribution  from  its  very  limited  funds,  enough 
had  been  done  to  show  the  object  to  be  one  for  which  assistance  may 
reasonably  be  expected  from  Government.  On  representations  made  by 
Colonel  Walker,  Director  of  the  Trigonometrical  Survey  of  India,  the  Indian 
Government  has  already  granted  the  means  of  defraying  the  expense  of 
making  Tidal  Observations  in  India,  and  applying  to  them  the  methods  of 
reduction  devised  by  the  Committee  of  the  British  Association.  The  Council 
hope,  therefore,  that  the  Government  of  this  country  may  bo  similarly  dis- 
posed to  assist  in  a  matter  of  national  importance. 

(Signed)         ""WILLIAM  THOMSON, 

President  of  the  British  Association.'* 

"  May  21,  1872.° 

The  Council  regret  to  state  that  the  application  was  rejected  upon  the 
grounds  explained  in  the  following  letter : — 

"  Treasury  Chambers, 

^rd  Juno,  1872. 

"  SIK, — The  Chancellor  of  the  Exchequer  lias  referred  to  the  Lords  Com- 
missioners of  Her  Majesty's  Treasury  the  Memorial  of  the  British  Association 
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for  the  Advancement  of  Science,  forwarded  to  him  with  your  letter  of  21st 
ultimo,  praying  for  Government  assistance  in  connexion  with  Tidal  Obser- 
vations. 

"  I  am  to  state  that  their  Lordships  have  given  their  anxious  attention  to 
the  Memorial,  and  they  arc  fully  sensible  of  the  interesting  nature  of  sucli 
investigations,  but  that  they  feel  that  if  they  acceded  to  this  request,  it 
would  be  impossible  to  refuse  to  contribute  towards  the  numerous  other  ob- 
jects which  men  of  eminence  may  desire  to  treat  scientifically. 

"  Their  Lordships  must,  therefore,  though  with  regret,  decline  to  make  a 
promise  of  assistance  towards  the  present  object  out  of  the  public  funds. 

"  I  am,  Sir, 

"  Your  obedient  Servant, 

(Signed)        "  WILLIAM  LAW." 
'<  Sir  W.  Thomson,  Athencmm  Oliib." 

TJiird  Resolution. — "  That  the  Council  of  the  Association  be  requested  to 
take  such  steps  as  to  them  may  seem  most  expedient  in  support  of  a  proposal, 
made  by  Dr.  Buys  Ballot,  to  establish  a  telegraphic  meteorological  station  at 
the  Azores." 

The  Council  appointed  a  Committee  of  their  own  body  to  report  upon  tbis 
proposal.  The  Committee  after  due  deliberation  reported  that,  while  sympa- 
thizing with  the  proposal  made  by  Dr.  Buys  Ballot,  they  cannot  recommend 
a  grant  of  money  to  be  made  by  the  Association  for  carrying  it  out.  In  this 
recommendation  the  Council  concur. 

Fourth  Resolution. — "  That  the  Council  bo  requested  to  take  into  con- 
sideration the  desirability  of  the  publication  of  a  periodic  record  of  advances 
made  in  the  various  branches  of  science  represented  by  the  British  Associa- 
tion." 

The  Council,  after  a  careful  consideration  of  this  proposal,  arc  not  prepared 
to  recommend  the  Association  to  undertake  the  publication  of  a  periodic 
record  of  advances  made  in  the  various  branches  of  science  represented  by 
the  Sections  of  the  British  Association.  They  are  of  opinion  that  in  so  vast 
an  undertaking  special  Societies  should  be  invited  to  prepare  such  records, 
the  action  of  the  Association  being  limited  to  occasional  grants  in  aid.  They 
are  of  opinion,  however,  that  the  Association  would  do  well  to  promote  the 
more  frequent  publication  in  their  Proceedings  of  critical  reports  on  various 
branches  of  science,  of  the  same  nature  as  those  which  have  already  rendered 
previous  volumes  so  valuable  to  investigators. 

Fifth  Ktsolution. — "1.  That  the  Council  of  this  Association  be  icqucstcd 
to  take  such  stops  as  may  appear  to  them  desirable  with  reference  to  the 
arrangement  now  in  contemplation  to  establish  *  Leaving  Examinations/  and 
to  report  to  tho  Association  on  the  present  position  of  science-teaching  in 
the  public  and  first-grade  schools. 

"  2.  That  the  Council  be  requested  to  take  such  steps  ns  they  deem  wisest 
in  order  to  promote  the  introduction  of  scientific  instruction  into  the  ele- 
mentary schools  throughout  the  country. " 

A  Committee,  consisting  of  the  President  and  the  General  Officers,  Mr.  G. 
Busk,  Dr.  Debus,  Dr.  Duncan,  Mr.  Pitch,  Professor  II.  Poster,  Mr.  F.  Gallon, 
Dr.  Hirst,  Professor  Huxley,  Sir  John  Lubbock.  Hurt.,  £ir  J.  Puget,  Bart., 
liev.  Professor  Price,  Professor  Ileniy  J.  S,  Fmilh,  Professor  Ftokcs,  Professor 
Tjndull,  and  Professor  "Williamson,  wns  appointed  to  consider  the  fkkt  of 
these  resolutions,  and  to  report  on  them  to  the  Council, 
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In  accordance  with  the  recommendation  of  this  Committee  the  Council 
adopted  the  following  Resolution :  — 

That,  having  had  under  consideration  the  requests  which  the  Committee 
of  Masters  of  Schools  have  mado  to  the  Universities  of  Oxford  and 
Cambridge  upon  points  in  which  the  Education  of  the  Universities 
and  Schools  came  into  contact,  the  Council  of  the  British  Association 
recommend  that  Arithmetic,  and  cither  Elementary  Physics  or  Che- 
mistry experimentally  treated,  be  introduced  into  the  Leaving  Exa- 
minations as  compulsory  subjects. 

That  the  Head-Masters  of'  Public  Schools  be  requested  to  furnish 
the  Council  with  information  about  the  present  position  of  Science- 
teaching  in  their  Schools. 

and  the  Council  have  communicated  thereon  with  the  Universities  of  Oxford 
and  Cambridge,  but  at  present  no  decision  respecting  "  Leaving  Examinations  " 
has  been  arrived  at  in  these  Universities. 

In  accordance  with  the  terms  of  the  resolution  passed  by  the  General 
Committee  last  year,  appointing  a  Committee  on  Science  Lectures  and  Orga- 
nization, the  action  proposed  to  be  taken  by  this  Committee  in  the  following 
resolutions,  was  referred  to  the  Council  and  sanctioned. 

1.  That  a  Subcommittee,  consisting  of  Dr.  Carpenter,  Prof.  Williamson, 
Prof.  W.  G.  Adams,  Dr.  Hirst,  Mr.  Gco.  Griffith,  Dr.  Michael  Poster,  and 
Prof.  Roscoe  bo  appointed  for  one  year  for  the  purpose  of  preparing  a  list 
of  Lecturers  for  the  consideration  of  this  Committee,  and  of  communicating 
with  the  various  towns  with  the  view  of  establishing  a  system  of  Science 
Lectures  throughout  the  country. 

2.  That  the  names  of  the  proposed  Lecturers  be  selected    (with  their 
consent)  from   amongst  the    Members    of  the  General  Committee    of   the 
Association,    or   from    amongst   the  Graduates  of  any   University    in   iho 
United  Kingdom;  and  that  the  subjects  upon  which  the  Lectures  be  de- 
livered shall  bo  such  as  are  included  in  one  or  other  of  the  Sections  of  the 
Association. 

The  Committee  have  drawn  up  a  Report,  dealing  generally  with  the  sub- 
ject of  ^  their  inquiry,  which  the  Council  recommend  shoald  be  referred  to  the 
Committee  of  Recommendations. 

The  Council  have  had  under  consideration  the  question  of  enabling 
Members,  who  are  unable  to  be  present  at  the  Meetings,  to  obtain  the 
Journal  and  other  Printed  Papers,  and  they  have  adopted  a  Regulation  as 
follows  :— 

The  Journal,  President's  Address,  and  other  Printed  Papers  issued  by  the 
Association  during  the  Annual  Meeting  will  be  forwarded  daily  to  Members 
and  others,  on  application  and  prepayment  of  2s.  M,  to  the  Clerk  of  the 
Association,  on  or  before  the  first  day  of  the  Meeting. 

The  Council  regret  to  have  to  announce  that  the  state  of  health  of 
Dr.  Thomas  Thomson  renders  him  unable  to  continue  to  act  as  one  of  the 
General  Secretaries  of  the  Association  after  the  present  Meeting.  They 
.cannot  refrain  from  expressing  their  great  regret  at  the  loss  of  his  valuable 
services. 

The  Council  have  agreed  to  recommend  that  Professor  Michael  Foster, 
F.R.S.,  be  appointed  one  of  the  General  Secretaries  in  his  place,  and  his 
name  will  be  proposed  to  the  General  Committee  at  the  Meeting  for  the 
Election  of  the  Council  and  Officers  on  Monday  next. 

The  Council  have   added  the  following  names  of  gentlemen,  present 
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at  the  last  Meeting  of  the  Association,  to  the  list  of  Corresponding  Members, 
viz. : — 

His  Imperial  Majesty  the  Emperor  of  the  Brazils. 

Professor  Dr.  Colding. 

Dr.  Giissfeldt. 

Dr.  Liiroth. 

Dr.  Liitken. 

Dr.  Joseph  Szabo. 

The  General  Committee  are  reminded  that  Bradford  has  been  selected  as 
the  place  of  meeting  for  next  year.  Invitations  for  subsequent  Meetings 
have  been  received  from  Belfast  and  Glasgow, 


RECOMMENDATIONS  ADOPTED  BY  THE  GENERAL  COMMITTEE  AT  THE  BRIGHTON 
MEETING  IN  AUGUST  1872. 

[When  Committees  are  appointed,  the  Member  first  named  is  regarded  as  the  Secretary, 
except  there  is  a  specific  nomination.] 

Involving  Grants  of  Money. 

That  the  Committee,  consisting  of  Professor  Cayley,  Professor  Stokes, 
Professor  If.  J.  S.  Smith,  Sir  AY.  Thomson,  and  Mr.  J.  W.  L.  Glaisher  (Se- 
cretary), on  Mathematical  Tables  be  rcappointcd,  with  a  grant  of  £100  for 
the  calculation  and  printing  of  numerical  tables. 

That  the  Committee  on  Tides,  consisting  of  Sir  AY.  Thomson,  Professor  J. 
C.  Adams,  Professor  AY.  J.  M.  Rankine,  Mr.  J".  Oldham,  Rear-Admiral 
Richards,  General  Strachey,  Mr.  AAr.  Pnrkcs,  and  Colonel  AYalker,  be  rcap- 
pointcd, with  a  grant  of  .£400  to  complete  the  reduction  of  Tidal  Observations 
from  existing  data,  and  that  an  urgent  recommendation  be  made  to  the 
Government  to  undertake  Tidal  Observations  and  their  reduction. 

That  the  Committee  for  reporting  on  the  Rainfall  of  the  British  Isles  be 
reappointed,  and  that  this  Committee  consist  of  Mr.  Charles  Brooke,  Mr. 
Glaisher,  Professor  Phillips,  Mr.  G.  J.  Symons,  Mr.  J.  F.  Bateman,  Mr.  R. 
AY.  Mylne,  Mr.  T.  Hawksley,  Professor  J.  C.  Adams,  Mr.  C.  Tomlinsou, 
Professor  Sylvester,  Dr.  Pole,  Mr.  Rogers  Field,  Professor  Ansted,  and  NT. 
Buchan  ;  that  Mr.  G.  J.  Symons  be  the  Secretary,  and  that  the  sum  of  £100 
be  placed  at  their  disposal  for  the  purpose. 

That  the  Committee  on  Underground  Temperature,  consisting  of  Professor 
Everett  (Secretary),  Sir  AY.  Thomson,  Sir  Charles  Lyell,  Bart.,  Professor 
J.  Clerk  Maxwell,  Professor  Phillips,  Mr.  G.  J.  Symons,  Professor  Ramsay, 
Professor  Geikie,  Mr.  Glaisher,  Rev.  I)r.  Graham,  Mr.  George  Maw,  Mr. 
Pcngelly,  Mr.  S.  J.  Mackie,  Professor  Edward  Hull,  and  Professor  Ansted, 
be  reappointed ;  that  Mr.  Joseph  Prestwich  be  added  to  the  Committee,  and 
that  the  sum  of  £150  (£100  being  a  grant  already  made  which  has  lapsed) 
be  placed  at  their  disposal  for  the  purpose. 

That  a  grant  of  £50  having  been  made  for  the  Calculation  of  the  Gaussian 
Constants,  and  only  £40  having  been  drawn  by  the  lato  Chairman  Sir  J. 
Ilerschel,  the  remaining  £10  bo  regranted  to  Mr.  G.  Griffith  and  Professor 
Ermau  for  expenses  already  incurred. 

That  the  Committee  on  Luminous  Meteors,  consisting  of  Mr.  Glaisher, 
^h'.  It.  P.  Greg,  Professor  A.  S.  Ilerschel,  be  reappointed,  with  a  grant  of  £30 
for  projecting  and  reducing  upon  suitable  maps  the  observations  of  meteors 
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eolleoted  during  the  last  few  years  by  the  Committee,  so  as  to  show  their 
radiant  points. 

That  Mr.  Glaisher,  Col.  Strange,  Sir  W.  Thomson,  Mr.  Brooke,  Mr. 
Walker,  Dr.  Mann,  and  M.  do  Fonvicllo  bo  a  Committee  for  tho  purpose  of 
investigating  the  efficacy  of  Lightning-conductors,  giving  suggestions  for 
their  improvement,  and  reporting  upon  any  case  in  which  a  building  has  been 
injured  by  lightning,  especially  whore  such  building  was  professedly  protected 
by  a  lightning-conductor,  and  that  the  sum  of  ,£50  be  placed  at  their  dis- 
posal for  the  purpose. 

That  Professor  A.  W.  Williamson,  Sir  W.  Thomson,  Professor  Clerk  Max- 
well, Professor  G.  C.  Foster,  Mr.  Abel,  Professor  E.  Jenkin,  Mr.  Siemens, 
and  Mr.  R.  Sabino  be  reappointed  a  Committee  for  tho  purpose  of  testing 
the  New  Pyrometer  of  Mr.  Siemens,  and  that  the  sum  of  £30  bo  placed  at 
their  disposal  for  the  purpose. 

That  the  Committee,  consisting  of  Dr.  Iluggius,  Mr.  J.  N.  Lockycr,  Dr. 
Reynolds,  Professor  Swan,  and  Mr.  Stoney,  on  Inverse  Wave-lengths  bo 
reappointed,  and  that  the  sum  of  £150  be  placed  at  their  disposal. 

That  the  Committee  on  the  Thermal  Conductivity  of  Metals,  consisting  of 
Professor  Tait,  Professor  Tyndall,  and  Professor  Balfour  Stewart,  be  reap- 
pointed, and  that  the  sum  of  £50  bo  placed  at  their  disposal  for  tho 
purpose. 

That  Professor  Williamson,  Professor  Roscoe,  and  Professor  Frankland 
be  a  Committee  for  the  purpose  of  superintending  the  Monthly  Records  of  the 
Progress  of  Chemistry  published  in  the  Journal  of  the  Chemical  Society,  and 
that  the  sum  of  £200  (last  year's  grant  of  £100  was  not  drawn)  be  placed  at 
their  disposal  for  tho  purpose. 

That  Dr.  Gladstone.  Dr.  C.  E.  A.  Wright,  and  Mr.  Chandler  Roberts  be 
reappointed  a  Committee  for  the  purpose  of  investigating  tho  chemical  consti- 
tution and  optical  properties  of  essential  oils  ;  that  Mr.  Chandler  Roberts  be 
the  Secretary,  and  that  the  sum  of  £30  be  placed  at  their  disposal  for  tho 
purpose. 

That  Dr.  Crum  Brown,  Mr.  Dewar,  Dr.  Gladstone,  Dr.  Williamson,  Sir 
W.  Thomson,  and  Professor  Tait  be  a  Committee  for  tho  purpose  of  deter- 
mining tho  temperatures  of  incandescent  bodies  by  the  rcfrangibility  of  tho 
light  they  emit,  and  that  the  sum  of  £50  be  placed  at  their  disposal  for  tlio 
purpose. 

That  Dr.  Crum  Brown,  Professor  Tait,  and  Mr.  Dewar  be  a  Committee  for 
the  purpose  of  investigating  the  Electric  Tensions  of  galvanic  cells  in  which 
tho  oxides  or  acids  of  chlorine  or  iodine  form  the  liquid  elements,  and  that 
the  sum  of  £25  be  placed  at  their  disposal  for  the  purpose. 

That  Professor  Ramsay,  Professor  Gcikie,  Professor  J.  Young,  Professor 
Nicol,  Dr.  Bryce,  Dr.  Arthur  Mitchell,  Professor  Hull,  Sir  11.  Griffith, 
Bart.,  Dr.  King,  Professor  Harkness,  Mr.  Prestwich,  Mr.  Hughes,  Rev. 
H.  W.  Crosskey,  Mr.  W.  Jolly,  Mr.  D.  Milne  Home,  and  Mr.  Pengclly 
bo  reappointed  a  Committee  for  the  purpose  of  ascertaining  tho  existence  in 
different  parts  of  the  United  Kingdom  of  any  Erratic  Blocks  or  Boulders, 
indicating  on  Maps  their  position  and  height  above  the  sea,  as  also  of  ascer- 
taining the  nature  of  the  rocks  composing  these  blocks,  their  size,  shape, 
and  other  particulars  of  interest,  and  of  endeavouring  to  prevent  the  destruc- 
tion of  such  blocks  as  in  tho  opinion  of  the  Committee  arc  worthy  of  being 
preserved ;  that  the  Rev.  H.  W.  Crosskey  bo  the  Secretary,  and  that  the  sum  of 
£1 0  be  placed  at  their  disposal  for  the  purpose. 

That   Sir   C.  LvelL  Bart..    Profossor    Phillins.  Sir    J.    T.iihWlr    TUW-     \ln 
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J.  Evans,  Mr.  E.  Vivian,  Mr.  W.  Pengelly,  Mr.  G.  Busk,  Mr.  W.  B.  Dawkins, 
and  Mr.  W.  A.  Sandford  be  a  Committee  for  the  purpose  of  continuing  tho 
Exploration  of  Kent's  Cavern,  Torquay ;  that  Mr.  Pengelly  be  the  Secretary, 
and  that  tho  sum  of  .£150  be  placed  at  their  disposal  for  the  purpose. 

That  Sir  J.  Lubbock,  Bart.,  Professor  Phillips,  Messrs.  W.  Boyd  Dawkins, 
and  T.  McKenny  Hughes,  be  a  Committee  for  the  purpose  of  carrying  out 
the  exploration  of  the  Settle  Cave ;  that  Mr.  W.  Boyd  Dawkins  be  the  Se- 
cretary, and  that  the  sum  of  £50  be  placed  at  their  disposal  for  the  purpose. 

That  Mr.  G.  Busk,  Dr.  Leith  Adams,  and  Mr,  Boyd  Dawkins  be  reap- 
pointed  a  Committee  for  the  purpose  of  illustrating  by  plates  an  account  of 
the  Fossil  Elephants  of  Malta ;  that  Dr.  Leith  Adams  be  the  Secretary, 
and  that  the  sum  of  ,£25  be  placed  at  their  disposal  for  the  purpose. 

That  Professor  Harkness,  Mr.  James  Thomson,  Dr.  Duncan,  and  Mr.  Thomas 
Davidson  be  reappointed  a  Committee  for  the  purpose  of  continuing  tho 
investigation  of  Carboniferous  Corals  with  the  view  of  reproducing  them 
for  publication ;  that  Mr.  Thomson  be  the  Secretary,  and  that  the  sum  of 
£25  be  placed  at  their  disposal  for  the  purpose. 

That  Mr.  Carruthers,  Mr.  W.  II.  Baily,  Professor  Harkness,  and  Professor 
Hull  be  a  Committee  for  the  purpose  of  investigating  the  Fossil  Flora  of 
Ireland ;  that  Mr.  W.  II.  Baily  bo  tho  Secretary,  and  that  the  sum  of  £20 
be  placed  at  their  disposal  for  the  purpose. 

That  Professor  Harkness,  Mr.  W.  Jolly,  and  Dr.  J.  Bryce  be  a  Committee 
for  the  purpose  of  collecting  Fossils  from  localities  of  difficult  access  in  North- 
western Scotland,  that  the  specimens  be  deposited  in  the  Edinburgh  In- 
dustrial Museum,  and  that  duplicates  be  deposited  in  such  Museums  as  the 
authorities  of  tho  Association  may  designate  ;  that  Mr.  William  Jolly  be  the 
Secretary,  and  that  the  sum  of  £10  be  placed  at  their  disposal  for  the 
purpose. 

That  Dr.  Brycc,  Sir  W.  Thomson,  Mr.  J.  Brough,  Mr.  G.  Forbes,  Mr.  D. 
Milne  Home,  and  Mr.  James  Thomson  be  a  Committee  for  the  purpose  of 
continuing  the  observations  and  records  of  Earthquakes  in  Scotland ;  that 
Dr.  Bryco  bo  the  Secretary,  and  that  the  sum  of  £20  be  placed  at  their 
disposal  for  tho  purpose. 

That  Messrs.  H.  Willett,  Godwin- Austen,  W.  Topley,  T.  Davidson,  J. 
Prcstwich,  W.  Boyd  Dawkins,  and  II.  Woodward  be  a  Committee  for  tho  pur- 
pose of  promoting  the  "  Sub-Wealdcn  exploration  ;  "  that  Mr.  Henry  Willett 
bo  the  Secretary,  and  that  tho  sum  of  £2>1  bo  placed  at  their  disposal  for  the 
purpose. 

That  Colonel  Lane  Fox,  Dr.  Boddoe,  'Mr.  Franks,  Mr.  Francis  Gal  ton, 
Mr.  E.  W.  Hrabrook,  Sir  J.  Lubbock,  Bart.,  Sir  Walter  Elliot,  Mr.  Clements 
11.  Markharn,  and  Mr.  E.  B.  Tylor  be  a  Committee  for  tho  purpose  of  pre- 
paring and  publishing  brief  forms  of  instruction  for  travellers,  ethnologists, 
and  other  anthropological  observers  ;  that  Colonel  Lane  Fox  be  the  Secre- 
tary, and  that  the  sum  of  £25  be  placed  at  their  disposal  for  the  purpose. 

That  Mr.  Stainton,  Professor  Newton,  and  Sir  John  Lubbock,  Bart.,  bo 
reappointed  a  Committee  for  tho  purpose  of  continuing  a  Hecord  of  Zoolo- 
gical Literature ;  that  Mr.  Stainton  be  the  Secretary,  and  that  tho  sum  of 
£100  be  placed  at  their  disposal  for  the  purpose. 

That  Professor  Sir  Robert  Christison,  Bart.,  Dr.  Laycock,  and  Dr.  Frasor 
be  a  Committee  for  tho  purpose  of  investigating  the  antagonism  of  tho  action 
of  poisonotfi  substances ;  that  Dr.  Fraser  be  the  Secretary,  and  that  the  sum 
of  £20  be  placed  at  their  disposal  for  t&e  purpose. 

That  Professor  Balfour,  Dr.  Cleghorn,  Mr.  Robert  Hutchinson,  Mr.  Buchan, 
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and  Mr.  Sadler  bo  reappointed  a  Committee  for  the  purpose  of  taking  obser- 
vations on  the  effect  of  the  denudation  of  timber  on  the  rainfall  of  North 
Britain  ;  that  Mr.  Hutchinson  be  the  Secretary,  and  that  the  sum  of  £20  be 
placed  at  their  disposal  for  the  purpose,  the  grant  made  last  year  not  having 
been  drawn. 

That  the  Committee  for  the  purpose  of  continuing  the  investigations  on 
the  Treatment  and  Utilization  of  Sewage  bo  renewed,  and  that  such  Com- 
mittee consist  of  Mr.  11.  B.  Grantham,  Professor  Corfield,  Mr.  J".  Bailey 
Denton,  Mr.  Bramwell,  Dr.  J.  H.  Gilbert,  Mr.  W.  Hope,  Dr.  A.  Voclckcr, 
Professor  Williamson,  and  Professor  Way,  and  that  the  sum  of  £100  be 
placed  at  their  disposal  for  the  purpose. 

That  the  Committee,  consisting  of  Mr.  Froude,  Professor  W.  J.  Macquorn 
Rankine,  Mr.  C.  W.  Merrifield,  Mr.  C.  W.  Siemens,  Mr.  Bramwell,  Mr.  A.  E. 
Fletcher,  the  Ecv  J.  Berthon,  Mr.  Shoolbred,  Mr.  James  11.  Napier,  and  Mr. 
W.  Smith  previously  appointed  for  measuring  the  speed  of  ships  by  means  of 
the  difference  of  the  height  of  two  columns  of  liquid,  be  requested  to  report 
generally  on  the  subject  of  instruments  for  testing  the  speed  of  ships,  and  that 
they  be  requested  to  present  a  separate  report  on  the  special  class  of  instru- 
ments therein  referred  to  them  ;  that  the  sum  of  .£50  be  placed  at  their  dis- 
posal for  the  purpose,  and  that  Mr.  J.  Shoolbred  be  the  Secretary. 

Applications  for  Reports  and  Researches  not  involving  Grants  of  Money. 

That  the  Committee,  consisting  of  Dr.  Joule,  Sir  W.  Thomson,  Professor 
Tait,  Professor  Balfour  Stewart,  and  Professor  J.  C.  Maxwell,  be  reappointed 
to  effect  the  determination  of  the  Mechanical  Equivalent  of  Heat. 

That  the  Eclipse  Committee,  consisting  of  the  President  and  General  Offi- 
cers (with  power  to  add  to  their  number),  be  reappointed. 

That  Sir  W.  Thomson,  Professor  Everett,  Professor  G.  C.  Poster,  Professor 
J.  C.  Maxwell,  Mr.  G.  J.  Stoney,  Professor  Fleeming  Jenkin,  Professor  Han- 
kino,  Dr.  Siemens,  and  Mr.  Bramwell  be  a  Committee  for  reporting  on  the 
Nomenclature  of  Dynamical  and  Electrical  Units,  and  that  Professor  Everett 
be  the  Secretary. 

That  Professor  Sylvester,  Professor  Cayley,  Professor  Hirst,  Ilev.  Professor 
Bartholomew  Price,  Professor  H.  J.  S.  Smith,  Dr.  Spottiswoode,  Mr.  II.  B. 
Hayward,  Dr.  Salmon,  Rev.  R.  Townsend,  Professor  Fuller,  Professor  Kcl- 
land,  Mr.  J.  M.  Wilson,  and  Professor  Clifford  be  reappointed  a  Committee 
(with  power  to  add  to  their  number)  for  the  purpose  of  considering  the  pos- 
sibility of  improving  the  methods  of  instruction  in  elementary  geometry ;  and 
that  Professor  Clifford  be  the  Secretary. 

That  Mr.  W.  II.  L.  Russell  be  requested  to  continue  his  Report  on  recent 
progress  in  the  theory  of  Elliptic  and  Hypcrelliptic  Functions.  • 

That  Professor  Tait  be  requested  to  prepare  a  Report  on  Quaternions. 

That  the  Committee,  consisting  of  the  following  Members,  with  power  to 
add  to  their  number, — Professor  Roscoc,  Professor  W.  G.  Adams,  Professor 
Andrews,  Professor  Balfour,  Mr.  Baxendcll,  Mr.  Bramwell,  Professor  A.  Crum 
Brown,  Mr.  Buchan,Dr.  Carpenter,  Professor  Core,  Dr.  DC  La  Rue,  Professor 
Thiselton  Dyer,  Sir  Walter  Elliot,  Professor  M.  Foster,  Professor  Flower,  Pro- 
fessor G.  C.  Foster,  Professor  Geikie,  Dr.  J.  H.  Gladstone,  Mr.  Griffith,  Rev. 
R.  Harley,  Dr.  Hirst,  Dr.  Hooker,  Dr.  Huggins,  Professor  Huxley,  Professor 
Fleeming  Jenkin,  Dr.  Joule,  Colonel  Lane  Fox,  Dr.  Lankester,  Mr.  J.  N. 
Lockyer,  Professor  Clerk  Maxwell,  Mr.  D.  Milne-Home,  Dr.  O'Callaghari* 
Dr,  Odling,  Professor  Ramsay,  Dr.  Spottiswoode,  Professor  Balfour  Stewart' 


RECOMMENDATIONS  OP  THE  GENERAL  COMMITTEE.  Ivii 

Mr.  Stainton,  Professor  Tait,  Mr.  J.  A.  Tinne,  Dr.  Allen  Thomson,  Sir  William 
Thomson,  Professor  Wyvillc  Thomson,  Professor  Turner,  Colonel  Strange, 
Professor  A.  W.  Williamson,  Mr.  G.  Y.  Yernon,  Dr.  Young;  and  that  Pro- 
fessor Koscoe  be  tho  Secretary, — bo  reappointed — 

1°,  to  consider  and  report  on  the  best  means  of  advancing  science  by 
Lectures,  with  authority  to  act,  subject  to  the  approval  of  tho 
Council,  in  the  course  of  the  present  year,  if  judged  desirable. 

2°,  to  consider  and  report  whether  any  steps  can  be  taken  to  render 
scientific  organization  more  complete  and  effectual. 

That  Mr.  lloberts,  Dr.  Mills,  Dr.  Stenhouso,  Dr.  Boycott,  and  Mr.  Gades- 
den  be  a  Committee  for  the  purpose  of  inquiring  into  the  method  of  making 
gold  assays,  and  stating  the  results  thereof ;  that  Mr.  W.  C.  lloberts  be  the 
Secretary. 

That  Professor  Phillips,  Professor  Harkness,  Mr.  Hemy  Woodward,  Mr. 
James  Thomson,  and  Mr,  L.  C.  Miull  be  a  Committee  for  the  purpose  of 
investigating  and  reporting  upon  the  Labyrinthodonts  of  the  Coal-measures  ; 
and  that  Mr.  L.  C.  Miall  be  the  Secretary. 

That  the  llev.  Canon  Tristram,  Professor  Newton,  Mr.  II.  E.  Dresser,  Mr. 
J.  E.  Harting,  and  the  llev.  II.  F.  Barnes,  with  the  addition  of  Mr.  Harland 
of  Bridlington,  and  Mr.  Monk  of  Lewes,  be  appointed  a  Committee  for  tho 
purpose  of  continuing  the  investigation  on  the  desirability  of  establishing 
"  a  close  time  "  for  the  preservation  of  indigenous  animals  ;  that  Mr.  H.  E. 
Dresser  be  the  Secretary. 

That  Dr.  llolleston,  Dr.  Sclater,  Dr,  Anton  Dohrn,  Professor  Huxley,  Pro- 
fessor Wyville  Thomson,  and  Mr.  E.  Hay  Lankcstcr  be  reappointed  a  Com- 
mittee for  the  purpose  of  promoting  the  foundation  of  Zoological  Stations ; 
that  Dr.  Anton  Dohrn  be  the  Secretary. 

That  Dr.  Arthur  Gamgee,  Mr.  E.  Kay  Lankester,  and  Professor  M.  Foster 
be  a  Committee  for  tho  purpose  of  investigating  the  amount  of  Heat  gene- 
rated in  the  Blood  in  the  process  of  Arterialization ;  that  Dr.  Gamgee  be  the 
Secretary. 

That  Mr.  Carruthers,  Dr.  Hooker,  Professor  Balfour,  and  Professor  Thisel- 
ton  Dyer  bo  reappointed  a  Committee  for  the  purpose  of  investigating  tho 
Fossil  Flora  of  Britain ;  that  Mr.  Carruthers  be  the  Secretary. 

That  tho  Metric  Committee  be  reappointed,  such  Committee  to  consist  of 
Sir  John  Bowring,  The  Eight  Hon.  Sir  Stafford  H.  Northcote,  Bart.,  C.B., 
M.P.,  The  llight'  Hon.  C.  B.  Adderley,  M.P.,  Mr.  Samuel  Brown,  Dr.  Farr, 
Mr.  Frank  P.  Fellcwcs,  Professor  Frankland,  Mr.  James  Heywood,  Pro- 
fessor Leone  Levi,  Mr.  C.  W.  Siemens,  Professor  A.  W.  Williamson,  Dr. 
George  Glover,  Sir  Joseph  Whitworth,  Bart.,  Mr.  J.  11.  Napier,  Mr.  J.  V. 
N.  Bazalgette,  and  Sir  W,  Fairbairn,  Bart.;  that  Professor  Lcono  Levi  bo 
the  Secretary. 

That  Professor  Cayley,  Mr.  J.  AV.  L.  Glaishcr,  Dr.  W.  Pole,  Mr.  Merrifield, 
Professor  Fuller,  Mr.  II.  M.  Brunei,  and  Professor  W.  K.  Clifford  be  a  Com- 
mittee to  estimate  the  cost  of  constructing  Mr.  Babbage's  Analytical  Engine, 
and  to  consider  the  advisability  of  printing  tables  by  its  means. 

That  a  Committee,  consisting  of  Mr.  Francis  Galton,  Mr.  W.  Froude,  Mr. 
C.  W.  Merrifield,  and  Professor  Rankine,  be  appointed  to  consider  and  report 
on  Machinery  for  obtaining  a  record  of  tho  roughness  of  the  Sea  and  Mea- 
surement of  Waves  near  shore. 
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That  Sir  Henry  Rawlinson,  Mr.  Francis  Galton,  Admiral  Ommanney,  Mr. 
Hawkshaw,  Mr.  Bramvvell,  Mr.  Do  La  Hue,  and  Mr.  Godwin-Austen  be  a 
Committee  (with  power  to  add  to  their  number)  for  the  purpose  of  represent- 
ing to  the  Government  the  advisability  of  an  issue  of  the  one-inch  Ordnance 
Maps,  printed  on  strong  thin  paper,  each  sheet  having  a  portion  of  an  index 
map  impressed  on  the  outside,  to  show  its  contents  and  those  of  the  adjacent 
sheets  and  their  numbers.  Also  that  these  maps  should  be  sold  in  all  im- 
portant towns  and,  if  possible,  at  the  several  Post-offices ;  that  Mr.  Francis 
Galton  be  the  Secretary. 

.Resolutions  referred  to  the  Council  for  consideration  and  action  if  it 

seem  desirable. 

That  the  Council  be  requested  to  take  such  steps  as  they  deem  desirable  to 
induce  the  Colonial  Office  to  afford  sufficient  aid  to  the  Observatory  at  Mau- 
ritius to  enable  an  investigation  of  the  Cyclones  of  the  Pacific  Ocean  to  bo 
carried  on  there. 

That,  in  the  event  of  the  Council  having  reason  to  believe  that  any  changes 
affecting  the  acknowledged  efficiency  and  scientific  character  of  the  Botanical 
Establishment  at  Kew  are  contemplated  by  the  Government,  the  Council  bo 
requested  to  take  such  steps  as  in  their  judgment  will  be  conducive  to  the 
interests  of  Botanical  science  in  this  country. 

That  the  Council  be  requested  to  take  such  steps  as  they  may  deem  desi- 
rable "  to  urge  upon  the  Indian  Government  the  preparation  of  a  Photohelio- 
graph  and  other  instruments  for  solar  observation,  with  the  view  of  assisting 
in  the  observation  of  the  Transit  of  Venus  in  1874,  and  for  the  continuation 
of  solar  observations  in  India." 

Communications  ordered  to  be  printed  in  extenso  in  the  Annual  Report  of 

the  Association. 

That  M.  Hermite's  paper,  "  Sur  I'elimination  dcs  fonctions  arbitrages,"  bo 
printed  in  extenso  among  the  Reports, 

That  the  Tabulated  List  of  species  given  in  Mr.  J.  Gwyn  Jeffreys  \s  paper  on 
the  correlation  of  the  European  and  North- American  Mollusca  be  printed  in 
the  Reports  of  the  Association. 

That  Mr.  Froude's  paper  "  On  the  Erictional  Resistance  of  Surfaces  immersed 
in  Fluids  "  be  printed  in  extenso  in  the  Transactions,  with  the  illustrations. 

That  Mr.  Easton's  paper  on  the  Brighton  Waterworks  be  printed  in 
extenso  in  the  Transactions. 

That  Mr.  Bramwell's  paper  on  Amsler's  Planimeter  be  printed  in  extenso 
in  the  Transactions. 


SYNOPSIS  OP  GIUNTS  OP  MONEY. 


Synopsis  of  Grants  of  Money  appropriated  to  Scientific  Purposes  by 
the  General  Committee  at  the  Brighton  Meeting  in  August  1872. 
The  names  of  the  Members  who  would  be  entitled  to  call  on  the 
General  Measurer  for  the  respective  Grants  are  prefixed. 

Mathematics  and  Physics* 

*Cayloy,  Professor.  —  Mathematical  Tables  .  ,  ..............     100  0  0 

*Thomson,  Professor  Sir  W.  —  Tidal  Observations    ..........     400  0  0 

*Brooko,  Mr.  —  British  Rainfall  ..........................     100  0  0 

*Evcrctt,  Prof.  —  Underground  Temperature  (XI  00  renewed).  .     150  0  0 

^Griffith,  Mr.  G.  —  Gaussian  Constants  (renewed)    ..........        10  0  0 

*GlaishtT,  Mr.  J.  —  Luminous  Meteors  ....................        30  0  0 

Glaisher,  Mr.  J.  —  Efficacy  of  Lightning  Conductors  ........        50  0  0 

'^Williamson,  Prof.  A.  W.  —  Testing  fticmcns's  New  Pyrometer 

(renewed)  ........................................       30  0  0 

*IIuggins,  Dr.  W.  —  Tables  of  Inverse  Wave-lengths  ........      150  0  0 

*Tait,  Professor.—  Thermal  Conductivity  of  Metals  ..........       50  0  0 

Chemistry. 

*Williamson,  Prof.  A.  W.  —  llcoords  of  the  Progress  of  Chemistry 

(£100  renewed)    ..................................     200  0  0 

^Gladstone,  Dr.  —  Chemical  Constitution  and  Optical  Properties 

of  Essential  Oils  ..................................       30  0  0 

Brown,  Professor  Crum.  —  Temperature  of  Incandescent  Bodies       50  0  0 

Brown,  Professor  Crum.  —  Electric  Tensions  of  Batteries  ....       25  0  0 


*llamsay,  Professor.  —  Mapping  Positions  of  Erratic  Blocks  and 

Boulders  (renewed)  ................................  10  0  0 

*Lyell,  Sir  C.,  Bart.—  Kent's  Cavern  Exploration    ..........  150  0  0 

Lubbock,  Sir  J.—  Exploration  of  Settle  Cave  ..............  50  0  0 

*Busk,  Mr.—  Fossil  Elephants  of  Malta    ..................  25  0  0 

*IIarkness,  Professor.  —  Investigation  of  Fossil  Corals  ........  25  0  0 

Carruthers,  Mr.  —  Fossil  Flora  of  Ireland  ................  20  0  0 

*Harkncss,  Professor.  —  Collection  of  Fossils  in  the  North-West 

of  Scotland    ......................................  10  0  0 

*Brycc,  Dr.  —  Earthquakes  in  Scotland  ................  ....  20  0  0 

Willett,  Mr.  H.—  The  Sub-Wcalden  Exploration  .........  _25  0  0 

Carried  forward  ..............................  £1710  0  0 

*  Eoappomted. 


IX  REPORT — 1872. 

Biology. 

Brought  forward    .£1710  0  0 

Lane  Fox,  Col.  A. — Forms  of  Instruction  for  Travellers    ....       25  0  0 

*Stainton,  Mr.— -Record  of  the  Progress  of  Zoology 100  0  0 

*Christison,  Sir  K. — Antagonism  of  the  Action  of  Poisons  ....        20  0  0 

*Balfour,  Professor. — Effect  of  the  Denudation  of  Timber  on 

the  Rainfall  in  North  Britain  (renewed)     20     0     0 

-    Mechanics. 
*Grantham,  Mr.  B.  B. — Treatment  and  Utilization  of  Sewage       100     0     0 

*Froude,  Mr.  "W. — Experiments  on  Instruments  for  Measuring 

the  Speed  of  Ships  and  Currents  (,£30  renewed) 50     0     0 

Total.... £2025*  0     0 


*  Reappointed. 


Place  of  Meeting  in  1874. 

It  was  resolved  that  the  Annual  Meeting  of  the  Association  in  Ib74  le 
held  at  Belfast. 


GENERAL  STATEMENT. 


ki 


General  Statement  of  Sums  which  have  been  paid  on  Account  of  Grants 
for  Scientific  Purposes. 


£  s.  d. 

1834. 

Tide  Discussions   20  0  0 

1835. 

Tide  Discussions   62  0  0 

British  Fossil  Ichthyology    ......    105  0  0 

£\G7  0  0 


1836. 

Tide  Discussions  163  0  0 

British  Fossil  Ichthyology    105  0  0 

T hermometric  Observations,  &c,     50  0  0 
Experiments  on  long-continued 

Heat  17  I  0 

Rain-Gauges 9  13  0 

Refraction  Experiments    ....,.,..     15  0  0 

Lunar  Nutation 60  0  0 

Thermometers  15  6  0 


£134  14  0 

1837. 

Tide  Discussions   284  1  0 

Chemical  Constants  24  13  6 

Lunar  Nutation 70  0  0 

Observations  on  Waves 100  12  0 

Tides  at  Bristol 150  0  0 

Meteorology   and    Subterranean 

Temperature 89  5  0 

Vitrification  Experiments 150  0  0 

Heart  Experiments    8  4  G 

Barometiic  Observations  30     0  0 

Baiometers    11  18 6 


1838. 

Tide  Discussions    29  0 

British  Fossil  Fishes     100  0 

Meteorological  Observations   and 

Anemometer  (construction)  ...   100  0     ( 

Cast  Iron  (Strength  of)     CO  0      " 

Animal  and  Vegetable  Substances 

(Preservation  of)  19  1    10 

Railway  Constants    41    12  10 

Bristol  Tides 50  0     0 

Growth  of  Plants  75  0     0 

Mud  in  Rivers  3  6     C 

Education  Committee    50  0     C 

Heart  Experiments  5  3     ( 

Land  and  Sea  Level 267  8     7 

Subterranean  Temperature  8  6 

Steam-vessels 100  0 

Meteorological  Committee    31  9 

Thermometers  16     4 

£<)56T2 


1839. 

Fossil  Ichthyology 110     0 

Meteorological    Observations    at 

Plymouth  63   10 

Mechanism  of  Waves 144     2 

Bristol  Tides 35   18 


£    9.   d. 
[eteorology   and    Subterranean 

Temperature 21   11     0 

itrification  Experiments 947 

ast-Iron  Experiments 100     0     0 

,  ail  way  Constants 23     7     2 

,nd  and  Sea  Level 274     1     4 

team-vessels'  Engines 100     0     0 

lars  in  Histoire  Celeste  331   18     6 

tars  in  Lacaille    11     00 

tars  in  R.A.S.  Catalogue 616     6 

\nimal  Secretions 10   10     0 

team-engines  in  Cornwall  50     0     0 

Atmospheric  Air    1610 

Jast  and  Wrought  Iron 40     0     0 

ieat  on  Organic  Bodies 300 

ases  on  Solar  Spectrum 22     0     0 

lourly  Meteorological  Observa- 
tions, Inverness  and  Kingussie     49     7     8 

Fossil  Reptiles  118     2     9 

lining  Statistics 50     0     0 

.£1595    11     0 


1840. 

Bristol  Tides 100     0  0 

Subterranean  Temperature  1313  6 

leart  Experiments    18   19  0 

Lungs  Experiments  8130 

Tide  Discussions    50     0  0 

Land  and  Sea  Level 6   11  1 

Stars  (Histoire  Celeste)     242   10  0 

Stars  (Lacaille) 415  0 

Stars  (Catalogue)  264     0  0 

Atmospheric  Air    15   15  0 

Water  on  Iron   1000 

Heat  on  Organic  Bodies    700 

Meteorological  Observations 52  17  6 

Foreign  Scientific  Memoirs 112     1  6 

Working  Population 100     0  0 

School  Statistics 50     0  0 

Forms  of  Vessels    184     7  0 

Chemical  and  Electrical   Pheno- 
mena      40     0  0 

Meteorological    Observations    at 

Plymouth  80     0  0 

Magnetical  Observations  185   13  9 

£1546   16  4 


1841. 

Observations  on  Waves 80     0     0 

Meteorology   and    Subterranean 

Temperature 880 

Actinometers 10     0     0 

Earthquake  Shocks   17     7     0 

Acrid  Poisons...* 600 

Veins  and  Absorbents 300 

Mud  in  Rivers  500 

Marine  Zoology.............. 15   12     8 

Skeleton  Maps 20     0     0 

Mountain  Barometers    6186 

Stars  (Histoire  Celeste) 185     0     0 


Ixii 


£   9.  a. 

Stars  (Lacaille) 79    5  0 

Stars  (Nomenclature  of)    17  19  6 

Stars  (Catalogue  of ) 40     0  0 

Water  on  Iron  50     0  0 

Meteorological    Observations    at 

Inverness    20     0  0 

Meteorological  Observations  (re- 
duction of)    25     0  0 

Fossil  Reptiles  50     0  0 

Foreign  Memoirs 62     0  0 

Railway  Sections  38     1  6 

Forms  of  Vessels   193   12  0 

Meteorological    Observations    at 

Plymouth 55     0  0 

Magnetical  Observations  Cl   18  8 

Fishes  of  the  Old  Red  Sandstone  100     0  0 

Tides  at  Lei th    50     0  0 

Anemometer  at  Edinburgh  69     1  10 

Tabulating  Observations    9     6  3 

Races  of  Men     500 

Radiate  Animals    200 


35   10   11 


1842. 

Dynamotnetric  Instruments  ......  113  11  2 

Anoplura  Britannia  ...............  52  12  0 

Tides  at  Bristol  .....................  59  8  0 

Gases  on  Light  ...............  f  .....  30  14  7 

Chronometers    ...........  .  .........  26  17  6 

Marine  Zoology  ............  .....,,..  1  5  0 

British  Fossil  Mammalia  .........  100  0  0 

Statistics  of  Education  ............  20  0  0 

Marine  Steam-vessels'  Engines...  28  0  0 

Stars  (Histoire  Celeste)  .........  „..  59  0  0 

Stars  (Brit.  Assoc.  Cat.  of)  ......  110  0  0 

Railway  Sections   ..................  161  10  0 

British  Belemnites  ..................  50  0  0 

Fossil   Reptiles    (publication    of 

Report)  ...........................  210  0  0 

Forms  of  Vessels    ..................  180  0  0 

Galvanic  Experiments  on  Rocks  586 
Meteorological    Experiments    at 

Plymouth  ........................  68  0  0 

Constant  Indicator  and  Dynamo- 

metric  Instruments    ............  90  0  0 

Force  of  Wind  .....................  10  0  0 

Vight  on  Growth  of  Seeds    ......  800 

Lital  Statistics  .....................  50  0  0 

Vegetative  Power  of  Seeds  ......  8  1  11 

Questions  on  Human  Race  ......  7  9  0 


-1872, 

£     9.    d. 

Meteorological  Observations,  Os- 
ier's Anemometer  at  Plymouth  2000 

Reduction  of  Meteorological  Ob- 
servations    30  0  0 

Meteorological  Instruments  and 

Gratuities  39  C  0 

Construction  of  Anemometer  at 

Inverness  56  12  2 

Magnetic  Cooperation   10    8    10 

Meteorological  Recorder  for  Kew 

Observatory  50  0  0 

Action  of  Gases  on  Light  18   16     1 

Establishment  at  Kew  Observa- 
tory, Wages,  Repairs,  Furni- 
ture and  Sundries 133  4  7 

Experiments  by  Captive  Balloons     81      80 

Oxidation  of  the  Rails  of  Railways     20     0     0 

Publication  of  Report  on  Fossil 

Reptiles 40  0  0 

Coloured  Drawings  of  Railway 

Sections 147  IS  3 

Registration  of  Earthquake 

Shocks  30  0  0 

Report  on  Zoological  Nomencla- 
ture   10  0  0 

Uncovering  Lower  Red  Sand- 
stone near  Manchester 4  4  C 

Vegetative  Power  of  Seeds    538 

Marine  Testacea  (Habits  of )    ...      10     0     0 

Marine  Zoology 10     0     0 

Marine  Zoology 2   14   11 

Preparation  of  Report  on  British 

Fossil  Mammalia  100  0  0 

Physiological  Operations  of  Me- 

dicinal  Agents  20  0  0 

Vital  Statistics   36     5     8 

Additional  Experiments  on  the 

Forms  of  Vessels  70  0  0 

Additional  Experiments  on  the 

Forms  of  Vessels  100  0  0 

Reduction  of  Experiments  on  the 

Forms  of  Vessels  100  0  0 

Morin's  Instrument  and  Constant 

Indicator  69  14  10 

Experiments  on  the  Strength  of 

Materials  60  0  0 


£1449    17      8 


1843. 

Revision  of  the  Nomenclature  of 

Stars 200 

Reduction  of  Stars,  British  Asso- 
ciation Catalogue  25  0  0 

Anomalous  Tides,  Frith  of  Forth  120     0     0 

Hourly  Meteorological  Observa- 
tions at  Kingussie  and  Inverness  77  12  8 

Meteorological  Observations  at 

Plymouth  55  0  0 

Whewell's  Meteorological  Ane- 
mometer at  Plymouth M  10  0  0 


1844. 
Meteorological    Observations    a 

Kingussie  and  Invei  ness 
Completing  Observations  ot  Ply 

mouth    ........................  ...     35 

Magnetic  and  Meteorological  Co- 

operation   ,  .......................     25 

Publication  of  the  British  Asso- 

ciation Catalogue  of  Stars  ......     35 

Observations   on    Tides    on  the 

East  coast  of  Scotland  .........   100 

Revision  of  the  Nomenclature  of 

Stars  ........................  1842       2 

Maintaining  the  Establishment  in 

Kew  Observatory.  .....  .,  .......   117 

Instruments  for  KewOb&ervat  pi  y    50 


10     2 


12     0     0 


0     0 


8     4 


0     0 
0     0 


96 


GENERAL  STATEMENT. 


Ixiii 


£  s.  d. 

Influence  of  Light  on  Plants 10  0  0 

Subterraneous  Temperature  in 

Ireland  500 

Coloured  Drawings  of  Railway 

Sections 15  17  6 

Investigation  of  Fossil  Fishes  of 

the  Lower  Tertiary  Strata  ...  100  0  0 
Registering  the  Shocks  of  Earth- 
quakes   1342  23  11  10 

Structure  of  Fossil  Shells  20  0  0 

Radiata  and  Mollusca  of  the 

TEgean  and  Red  Seas 1842  100  0  0 

Geographical  Distributions  of 

Mtirine  Zoology  1842  10  0  0 

Marine  Zoology  of  Devon  and 

Cornwall  10  0  0 

Marine  Zoology  of  Corfu 10  0  0 

Experiments  on  the  Vitality  of 

Seeds  903 

Experiments  on  the  Vitality  of 

Seeds 1842  873 

Exotic  Anoplura  1500 

Strength  of  Materials  100  0  0 

Completing  Experiments  on  the 

Forms  of  Ships 100  0  0 

Inquiries  into  A«phyxia  10  0  0 

Investigations  on  the  Internal 

Constitution  of  Metals  50  0  0 

Constant  Indicator  and  Morin's 

Instrument  1842  10  36 

£9S1  12  8 


1845. 

Publication  of  the  British  Associa- 
tion Catalogue  of  Stars 351    14  6 

Meteorological     Observations    at 

Inverness    30   18  11 

Magnetic  and  Meteorological  Co- 
operation   IG   16  8 

Meteorological     Instruments     at 

Edinburgh 18   11  9 

Reduction  of  Anemometrical  Ob- 
servations at  Plymouth  . 25     0  0 

Electrical    Experiments    at    Kew 

Observatory    43   17  8 

Maintaining  the  Establishment  in 

Kew  Observatory  149    15  0 

For  Kreil's  Barometrograph 25     0  0 

(iases  from  Iron  Furnaces     50     0  0 

The  Actinograph    15     0  0 

Microscopic    Structure   of   Shells  20     0  0 

Exotic  Anoplura    1843  10     0  0 

Vitality  of  Seeds    1843  207 

Vitality  of  Seeds    1844  700 

Marine  Zoology  of  Cornwall     ...  10     0  0 
Physiological  Action  of  Medicines  20     0  0 
Statistics  of  Sickness  and  Mor- 
tality in  York     20     0  0 

Earthquake  Shocks   1843  15   14  8 


£S;40     9     9 


1846. 
British  Association  Catalogue  of 

Stars  1844  211    15 

Fotsil  Fishes  of  the  London  Ciwy  100     0 


£    *.     d. 
Computation    of    the    Gaussian 

Constants  for  1829     50     0     0 

Maintaining  the  Establishment  at 

Kew  Observatory  146   1C     7 

Strength  of  Materials    60     0     0 

Researches  in  Asphyxia     616     2 

Examination  of  Fossil  Shells 10     0     0 

Vitality  of  Seeds     1844  2   15   10 

Vitality  of  Seeds    1845  7   12     3 

Marine  Zoology  of  Cornwall......  10     0     0 

Marine  Zoology  of  Britaiu    10     0     0 

Exotic  Anoplura    1844  25     0     0 

Expenses  attending  Anemometers  11      7      6 

Anemometers'  Repairs 230 

Atmospheric  Waves  333 

Captive  Balloons   1844  8   19     3 

Varieties  of  the  Human  Race 

1844  763 
Statistics  of  Sickness  and  Mor- 
tality in  York    1200 


£685    16     0 


1847. 

Computation    of    the     Gaussian 

Constants  for  1829     ............  50 

Habits  of  Marine  Animals     ......  10 

Physiological  Action  of  Mcdicsnes  20 

Marine  Zoology  of  Cornwall......  10 

Atmospheric  Waves  ...............  6 

Vitality  of  Seeds    ..................  4 

Maintaining  the  Establishment  at 

Kew  Observatory  ............  ...   107 

_ 


8     6 


1848. 
Maintaining  the  Establishment  at 

Kew  Observatory  171    15   11 

Atmospheric  Waves  3109 

Vitality  of  Seeds     9    15     0 

Completion  of  Catalogues  of  Stais     70      0     0 

On  Colouring  Matters    500 

On  Growth  of  Plants „ 15     0     0 

£275      I      8 


1849. 

Electrical  Observations  at  Kew 

Observatory  50  0  0 

Maintaining  Establishment  at 

ditto  76  2  5 

Vitality  of  Seeds    5      8      1 

On  Growth  of  Plants 500 

Regiatration  of  Periodical  Phe- 
nomena    1000 

Bill  on  account  of  Anemometrical 

Observations  1390 


£159    19 


1850. 
Maintaining  the  Establishment  at 

Kew  Observatory  255   18     0 

Transit  of  Earthquake  Waves  ...     50     0     0 

Periodical  Phenomena 15     0     0 

Meteorological     Instrument, 

Azoies    25     0     0 

""    £345   18     0 


Ixiv 


REPORT 1872. 


£    s. 


1851. 
Maintaining  the  Establishment  at 

Kew  Observatory  (includes  part 

of  grantin  1840)  ...............  309     2     2 

Theory  of  Heat  .....................     20     1     1 

Periodical  Phenomena  of  Animals 

and  Plants  ........................       500 

Vitality  of  Seeds    ..................       564 

Influence  of  Solar  Radiation  ......     30     0     0 

Ethnological  Inquiries  ............     12     0     0 

Researches  on  Annelida    .......  ..     10     0     0 


£39  i     9     7 

1852. 

Maintaining  the  Establishment  at 
Kew  Observatory  (including 
balance  of  grant  for  1850)  ...23317  8 

Experiments  on  the  Conduction 
of  Heat  5 

Influence  of  Solar  Radiations    ...      20 

Geological  Map  of  Ireland    15 

Researches  on  the  British  Anne- 
lida   10 


Vitality  of  Seeds    10 

Strength  of  Boiler  Plates  ..  10     0 

£304     C 

1853.  " * 

Maintaining  the  Establishment  at 

Kew  Observatory  165  0  0 

Experiments  on  the  Influence  of 

Solar  Radiation 15  0  0 

Researches  on  the  British  Anne- 
lida   10  0  0 

Dredging  on  the  East  Coast  of 

Scotland 10  0  0 

Ethnological  Queries    500 


£205     0     0 

1854. 

Maintaining  the  Establishment  at 
Kew  Observatory  (including 
balance  of  former  grant)  330  15  4 

Investigations  on  Flax 11     0     0 

Effects  of  Temperature  on 

Wrought  Iron  10  0  0 

Registration  of  Periodical  Phe- 
nomena ...,,.» 10  0  0 

British  Annelida 1000 

Vitality  of  Seeds    523 

Conduction  of  Heat 420 


£380   19     7 


1855. 
Maintaining  the  Establishment  at 

Kew  Observatory  425     0     0 

Earthquake  Movements    10     0     0 

Physical  Aspect  of  the  Moon 11     8 

Vitality  of  Seeds    10     7   11 

Map  of  the  World 15      0     0 

Ethnological  Queries 500 

Dredging  near  Belfast  400 


£480   16     4 


1850. 

Maintaining  the  Establishment  at 
Kew  Observatory:  — 

1854  ......  £  75     0     01 

1855  ......  £500     0     OJ 


0     0 


£  jr.  d. 
Strickland's  Ornithological  Syno- 
nyms    100  0  0 

dredging  and  Dredging  Forms...       9  13  9 

hemical  Action  of  Light 20  0  0 

Strength  of  Iron  Plates 10  0  0 

Registration  of  Periodical  Pheno- 
mena       10  0  0 

Propagation  of  Salmon 10  0  0 


£734   13     9 


1857. 
Maintaining  the  Establishment  at 

Kew  Observatory 350 

Earthquake  Wave  Experiments. .  40 

Dredging  near  Belfast  10 

Dredging  on  the  West  Coast  of 

Scotland 10 

Investigations  into  the  Mollusca 

of  California  10 

Experiments  on  Flax 5 

Natural  HUtoiy  of  Madagascar.  .  20 
Researches   on  British  Annelida  25 
Report  on   Natural  Products  im- 
ported into  Liverpool    10 

Artificial  Propagation  of  Salmon  10 

Temperature  of  Mines 7 

Thermometers   for  Subterranean 

Observations  5 

Life-Boats 5 

"£107 


0  0 

0  0 

0.  0 

0  0 

0  0 

0  0 

0  0 

0  0 

0  0 

0  0 

8  0 

7  4 

0  0 
4 


15 


1858. 
Maintaining  the  Establishment  at 

Kew  Observatory   ...............   500     0 

Earthquake  Wave  Experiments..     25     0 
Dredging  on  the  Wes>t  Coast  of 

Scotland      .......  ,  ................      10     0 

Dredging  near  Dublin   ............        5     0 

Vitality  of  Seeds    ..................        55 

Dredging  near  Belfast  ............      18    13 

Report  on  the  Biitish  Annelida...      25      0 
lixperiments   on    the  production 

of  Heat  by  Motion  in  Fluids  ...     20 
Report  on,  the   Natural   Products 

impoited  into  Scotland  .........      10 

" 


0      0 


1859. 
Maintaining  the  Establishment  at 

Kew  Observatory  500      0      0 

Dredging  near  Dublin  15      0      0 

Osteology  of  Birds 50     0     0 

Irish  Tunicata  500 

Manure  Experiments 20     0     0 

British  Medusidte 500 

Dredging  Committee 500 

Steam-vessels'  Performance  ......  500 

Marine  Fauna  of  South  and  West 

of  Ireland  10     0     0 

Photographic  Chemistry   10     0     0 

Lanarkshire  Fossils  20     0      1 

Balloon  Ascents „  39   1 1     0 

£CS4   II      i 

1860.             '""  ~  " 
Maintaining   the    Establishment 

of  Kew  Observatory 500  0     0 

Dredging  near  Belfast 16  6     0 

Dredging  in  Dublin  Bay 15  0     0 


GENERAL  STATEMENT. 
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Inquiry  into  the  Performance  of 
Steam- vessels 124 

Explorations  in  the  Yellow  Sand- 
stone of  Dura  Den 20 

Chemico-mechanical  Analysis  of 
Rocks  and  Minerals 25 

Researches    on    the    Growth    of 
Plants 10 

Researches  on   the  Solubility  of 
Salts 30 

Researches   on   the  Constituents 
of  Manures 25 

Balance  of  Captive  Balloon  Ac- 
counts..,         1    13 

£7241      7 

1S61.  ' 

Maintaining    the    Establishment 
of  Kew  Observatory 

Earthquake  Experiments 

Dredging  North  and  East  Coasts 
of  Scotland 

Dredging  Committee  : — 

1860 £50     0     0\ 

1861  £22     0     OJ 

Excavations  at  Dura  Den 

Solubility  of  Salts 

Steam-vessel  Performance     

Fossils  of  Lesmahago    

Explorations  at  Uriconium    

Chemical  Alloys     

Classified  Index  to  the  Transac- 
tions    

Dredging  in  the  Mersey  and  Dee 

Dip  Circle 

Photoheliographic  Observations 

Prison  Diet 

Gauging  of  Water 

Alpine  Ascents  

Constituents  of  Manures  


s.  d. 

0  0 

0  0 

0  0 

0  0 

0  0 
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0      0 
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0  0 
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0  0 
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0  0 
0  0 
0  0 
0  0 
5  1 
0  0 
5~10 
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1862.  ' 
Maintaining   the    Establishment 

of  Kew  Observatory 500  0  0 

Patent  Laws .". 21  6  0 

Mollusca  of  N.-W.  Ameucn 10  0  0 

Natural    History    by   Mcicantilc 

Marine   500 

Tidal  Observations    2.5  0  0 

Photoheliometer  at  Kew  40  0  0 

Photographic  Pictures  of  the  Sun  150  0  0 

Rocks  of  Donegal 25  0  0 

Dredging    Durham    and    North- 
umberland.,   25  0  0 

Connexion  of  Storms 20  0  0 

Dredging    North-east    Coast    of 

Scotland 696 

Ravages  of  Teredo     3  11  0 

Standards  of  Electrical  Resistance  50  0  0 

Riilway  Accidents    10  0  0 

Balloon  Committee    200  0  0 

Dredging  Dublin  Bay   10  0  0 

Dredging  the  Mersey    5  0  0 

Prison  Diet    20  0  0 

Gauging  of  Water 12  10  0 

1872, 


Steamships'  Performance 
Thermo-Electric  Currents 


£     s.  d. 

150     0     0 

5     0     0 


1863. 
Maintaining   the  Establishment 

of  Kew  Observatory  ............  GOO  0  0 

Balloon  Committee  deficiency...  70  0  0 

Balloon  Ascents  (other  expenses)  25  0  0 

Entozoa  ..............................  25  0  0 

Coal  Fossils   ........................  20  0  0 

Herrings  .............................  20  0  0 

Granites  of  Donegal  ...............  500 

Prison  Diet  ..........................  20  0  0 

Vertical  Atmospheric  Movements    13  0  0 

Dredging  Shetland   ...............  50  0  0 

Dredging    North-east    coast   of 

Scotland   .........................  25  0  0 

Dredging  Northumberland   and 

Durham  ...........................  17  3  10 

Dredging    Committee    superin- 

tendence ..........................  10  0  0 

Steamship  Performance   ........  100  0  0 

Balloon  Committee  ...............  200  0  0 

Carbon  under  pressure  ...........  10  0  0 

Volcanic  Temperature  ............  100  0  0 

Bromide  of  Ammonium    .........  8  0  0 

Electrical  Standards  ...............  100  0  0 

-  Construction  and  distribu- 

tion   .............................  40  0  0 

Luminous  Meteors   ..............  17  0  0 

Kew   Additional    Buildings   for 

Photoheliograph  ...............  100  0  0 

Thermo-  Electricity  ...............  15  0  0 

Analysis  of  Rocks     ..............  8  0  0 

Ilydroida   ...........................  10  0  0 

£1008  3  To 

1861.  *~~~~ 

Maintaining  the  Establishment 

of  Kew  Observatory  ............  COO 

Coal  Fossils  .........  ."  .............     20 

Vertical    Atmospheric    Move- 

ments ..............................     20 

Dredging  Shetland   ............     75 

Dredging  Northumberland  ......     25 

Balloon  Committee  ...............  200 

Caibon  under  pleasure  ..........      10 

Standards  of  Electric  Resistance   100 
Analysis  of  Hocks  ..................     10 

Ilydroida  ...........................     10 

Askham's  Gift  .....................     50 

Nitrite  of  Amylc  ...............      10 

Nomenclature  Committee     ......        5 

llain-Gauges  ........................     19 

Cast-Iron  Investigation    .........     20 

Tidal  Observations  in  the  Humber   50 
Spectral  Rays    .....................     45 

Luminous  Meteors    ...............  _  20 


0  0 

0  0 

0  0 

0  0 

0  0 

0  0 

0  0 

0  0 

0  0 

0  0 

0  0 

0  0 
00 

15  8 

0  0 

0  0 

0  0 
00 


1805. 

Maintaining  the  Establishment 
of  Kew  Observatory  ............  600 

Balloon  Committee  ...............   100 

Ilydroida  ...........................     13 

C 


0  0 
0  o 
0  0 
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Uain-Gauges 30 

Tidal  Observations  in  the  Humber  6 

Hexylic  Compounds 20 

Amyl  Compounds 20 

Irish  Flora    25 

American  Mollusca  3 

Organic  Acids  20 

Lingula  Flags  Excavation    10 

Eurypterus    50 

Electrical  Standards 100 

Malta  Caves  Researches  30 

Oyster  Breeding  25 

Gibraltar  Caves  Researches     ...  150 

Kent's  HO!Q  Excavations 100 

Moon's  Surface  Observations  ...  35 

Marine  Fauna  25 

Dredging  Aberdeenshire 25 

Dredging  Channel  Islands  50 

Zoological  Nomenclature 5 

Kesistance  of  Floating  Bodies  in 

Water   100 

Bath  Waters  Analysis 8 

Luminous  Meteors   40 


*.  d. 

0  0 

8  0 
0  0 
0  0 
0  0 

9  0 
0  0 
0  0 
0  0 
0  0 
0  0 
0  0 
0  0 
0  0 
0  0 
0  0 
0  0 
0  0 
0  0 

0    0 

10  0 
0     0 

£1591     7  10 


18CG. 
Maintaining  the  Establishment 

of  Kew  Observatory  ............  COO 

Lunar  Committee  ..................  G4 

Balloon  Committee  ...............  50 

Metrical  Committee  ...............  50 

British  Rainfall  .....................  50 

Kilkenny  Coal  Fields    ...........  16 

Alum  Bay  Fossil  Leaf-Bed  ......  15 

Luminous  Meteors   ...............  50 

Lingula  Flags  Excavation    ......  20 

Chemical   Constitution  of  Cast 

Iron    ..............................  50 

Amyl  Compounds  ..................  25 

Electrical  Standards  ...............  100 

Malta  Caves  Exploration  .........  30 

Kent's  Hole  Exploration  .........  200 

Marine  Fauna,  £c.,  Devon  and 

Cornwall    ........................  25 

Dredging  Aberdeenshire  Coast...  25 

Dredging  Hebrides  Coast  .........  50 

Dredging  the  Mersey   ............  5 

Resistance  of  Floating  Bodies  in 

Water    ...........................  50 

Polycyanides  of  Organic  Radi- 

cals   ..........................  ...  20 

Rigor  Mortis  ........................  10 

Irish  Annelida  .....................  15 

Catalogue  of  Crania  ..........  .....  50 

Didine  Birds  of  Mascarcne  Islands  50 

Typical  Crania  Researches  ......  30 

Palestine  Exploration  Fund......  100 

" 


0  0 

13  4 

0  0 

0  0 

0  0 

0  0 

0  0 

0  0 

0  0 
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0  0 
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0  0 

0  0 

0  0 

0  0 

0  0 

0  0 

0  0 

0  0 

0  0 

0  0 

0  0 


£  «.    d- 

Metrical  Committee 30  0     0 

Kent's  Hole  Explorations  100  0    0 

Palestine  Explorations 50  0    0 

Insect  Fauna,  Palestine    30  0    0 

Biitish  Rainfall 50  0     0 

Kilkenny  Coal  Fields    25  0     0 

Alum  Bay  Fossil  Leaf-Bed 25  0    0 

Luminous  Meteors   50  0     0 

Bournemouth,  £c.  Leaf-Beds ...     30  0    0 

Dredging  Shetland   75  0     0 

Steamship  Reports  Condensation  100  0     0 

Electrical  Standards 100  0    0 

Ethyle  and  Methylc  series  25  0    0 

Fossil  Crustacea    25  0     0 

Sound  under  Water 24  4     0 

North  Greenland  Fauna  75  0     0 

Do.               Plant  Beds  ...  100  0     0 

Iron  and  Steel  Manufacture    ...     25  0     0 

Patent  Laws    30_  0_  0 

,£1739  4     0 

1868.  ~  ~ 
Maintaining  the  Establishment 

of  Kew  Observatory 600  0  0 

Lunar  Committee 120  0  0 

Metrical  Committee 50  0  0 

Zoological  Record  100  0  0 

Kent's  Hole  Explorations  150  0  0 

Steamship  Performances 100  0  0 

British  Rainfall  50  0  0 

Luminous  Meteors  50  0  0 

Organic  Acids  CO  0  0 

Fossil  Crustacea  25  0  0 

Methyl  series  25  0  0 

Mercury  and  Bile 25  0  0 

Organic  remains  in  Limestone 

Rocks  25  0  0 

Scottish  Earthquakes  20  0  0 

Fauna,  Devon  and  Cornwall  ...  30  0  0 

British  Fossil  Corals 50  0  0 

Bagshot  Leaf-beds  50  0  0 

Greenland  Explorations  100  0  0 

Fossil  Flora  25  0  0 

Tidal  Observations  100  0  0 

Underground  Temperature 50  0  0 

Spectroscopic  investigations  of 

Animal  Substances  500 

Secondary  Reptiles,  &c 30  0  0 

British  Marine  Invertebrate 

Fauna  ••;_L?(LA_0 

,£1910  0  0 


1867,  -- 
Maintaining  the  Establishment 

of  Kew  Observatory  ............  600    0     0 

Meteorological  Instruments,  Pa- 

lestine   ...........................  50    0    0 

Lunar  Committee  ..................  120    0    0 


1869. 
Maintaining  the  Establishment 

of  Kew  Observatory 600  0  0 

Lunar  Committee 50  0  0 

Metrical  Committee 25  0  0 

Zoological  Record 100  0  0 

Committee  on  Gases    in  Deep- 

well  Water    25  0  0 

British  Rainfall 50  0  0 

Thermal  Conductivity  of  Iron, 

&c 30  0  0 

Kent's  Hole  Explorations 150  0  0 

Steamship  Performances.,, ,»,.,,    30  0  0 
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X*  8.  d. 

Chemical  Constitution  of  Cast 

Iron  80  0  0 

Iron  and  Steel  Manufacture  ...  100  0  0 

Methyl  Series    30  0  0 

Organic  remains    in   Limestone 

Hocks 10  0  0 

Earthquakes  in  Scotland 10  0  0 

British  Fossil  Corals    50  0  0 

Bagshot  Leaf-Beds 30  0  0 

Fossil  Flora    25  0  0 

Tidal  Observations   100  0  0 

Underground  Temperature 30  0  0 

Spectroscopic  Investigations   of 

Animal  Substances  500 

Organic  Acids   12  0  0 

Kiltorcan  Fossils  20  0  0 

Chemical  Constitution  and  Phy- 
siological Action  Relations  ...  15  0  0 

Mountain  Limestone  Fossils 25  0  0 

Utilisation  of  Sewage 10  0  0 

Products  of  Digestion 10  0  0 


£1022     0     0 


1870. 


Maintaining  the  Establishment  of 

Kew  Observatory 

Metrical  Committee 

Zoological  Record    

Committee  on  Marine  Fauna  ... 

Ears  in  Fishes   

Chemical  nature  of  Cast  Iron  ... 

Luminous  Meteors    

Heat  in  the  Blood    

British  Rainfall 

Thermal  Conductivity  of  Iron  £c. 

British  Fossil  Corals 

Kent's  Hole  Explorations    

Scottish  Earthquakes  

Bog*hot  Leaf-Beds  

Fossil  Flora    

Tidal  Observations    

Underground  Temperatuic 

Kiltorcan  Quarries  Fossils 

Mountain  Limestone  Fossils    ... 

Utilization  of  Sewage  

Organic  Chemical  Compounds... 

Onriy  River  Sediment  

Mechanical  Equivalent  of  Heat 


1871.  JC 
Maintainingthe  Establishment  of 

Kew  Observatory 600 

Monthly  Reports  of  Progress  in 

Chemistry 100 

Metrical  Committee 25 

Zoological  Record 100 

Thermal    Equivalents    of    the 

Oxides  of  Chlorine   10 

Tidal  Observations   100 

Fossil  Flora    25 

Luminous  Meteors    30 

British  Fossil  Corals 25 

Heat  in  the  Blood    7 

British  Rainfall 50 

Kent's  Hole  Explorations    150 

Fossil  Crustacea    25 

Methyl  Compounds 25 

Lunar  Objects   20 

Fossil  Corals  Sections,  for  Pho- 
tographing   20 

Bagshot  Leaf-Beds  20 

Moab  Explorations  100 

Gaussian  Constants :...  40 


s.  tl. 
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1872.          ~~ -- 
Maintaining  the  Establishment  of 

Kew  Obs.enatory 300  0  0 

Metrical  Committee 75     0  0 

Zoological  Record 100  0  0 

Tidal  Committee 200  0  0 

Carboniferous  Corals    25  0  0 

Organic  Chemical  Compounds  25  0  0 

Exploration  of  Moab   100  0  0 

Terato-Einbryological  Inquiries  1000 

Kent's  Cavern  Exploration 100  0  0 

Luminous  Meteors  20  0  0 

Heat  in  the  Blood    15  0  0 

Fossil  Crustacea    25  0  0 

Fossil  Elephants  of  Malta    25  0  0 

Lunar  Objects  20  0  0 

Inverse  "Wave-Lengths 20  0  0 

British  Rainfall 100  0  0 

Poisonous    Substances    Antago- 
nism    10  0  0 

Essential  Oils,  Chemical  Consti- 
tution, &c 40  0  0 

Mathematical  Tables    50  0  0 

Thermal  Conductiuty  of  Metals  25  0  0 

£1285  00 
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General  Meetings. 

On  Wednesday  Evening,  August  14,  at  8  P.M.,  in  the  Dome,  Professor  Sir 
William  Thomson,  LL.D.,  F.R.S.,  President,  resigned  the  office  of  President 
to  Dr.  W.  B.  Carpenter,  LL.D.,  F.R.S.,  who  took  the  Chair,  and  delivered  an 
Address,  for  which  see  page  Ixix. 

On  Thursday  Evening,  August  15,  at  8  P.M.,  a  Soire'e  took  place  in  the 
Dome,  Corn  Exchange,  and  Museum. 

t  On  Friday  Evening,  August  16,  at  8.30  P.M.,  in  the  Dome,  Professor  P. 
Martin  Duncan,  M.D.,  F.K.S.,  delivered  a  Discourse  on  "  Insect  Metamor- 
phosis." 

On  Saturday  Evening,  at  8  P.M.,  in  the  Dome,  William  Spottiswoode,  LL.D., 
F.K.S.,  delivered  a  Discourse  entitled  "  Sunshine,  Sea,  and  Sky,"  to  the 
Operative  Classes  of  Brighton. 

On  Monday  Evening,  August  19,  at  8.30  P.M.,  in  the  Dome,  Prof.  W.  K. 
Clifford  delivered  a  Discourse  on  "  The  Aims  aiid  Instruments  of  Scientific 
Thought.7* 

.  On  Tuesday  Evening,  August  20,  at  8  P.M.,  a  Soiree  took  place  in  the 
Dome,  Corn  Exchange,  and  Museum. 

On  Wednesday,  August  21,  at  2.30  P.M.,  the  concluding  General  Meeting 
took  place,  when  the  Proceedings  of  the  General  Committee,  and  the  Grants 
'of  Money  for  Scientific  purposes,  were  explained  to  the  Memhers. 

The  Meeting  was  then  adjourned  to  Bradford*. 

*  The  Meeting  is  appointed  to  take  place  on  Wednesday,  September  17,  1873, 


A  D  D  11  E  S  S 


OF 


WILLIAM  B.  CARPENTER,  M.DV  LL.D.,  F.R.S., 

PRESIDENT. 


Mr  LORDS,  LADIES,  AND  GENTLEMEN, 

THIRTY-SIX  years  have  now  elapsed  since  at  the  first  and  (I  regret  to  say) 
the  only  Meeting  of  this  Association  held  in  Bristol, — which  Ancient  City 
followed  immediately  upon  our  National  Universities  in  giviug  it  a  welcome, 
— I  enjoyed  the  privilege  which  1  hold  it  one  of  the  most  valuable  functions 
of  these  Annual  assemblages  to  bestow  ;  that  of  coming  into  personal  relation 
with  those  distinguished  Men  whose  names  are  to  every  cultivator  of  Science 
as  "  household  words,"  and  the  light  of  whose  brilliant  example,  and  the 
warmth  of  whose  cordial  encourage nu-nt  arc  the  most  precious  influences  by 
which  his  own  aspirations  can  be  fostered  and  directed.  Under  the  Presi- 
dency of  the  Marquis  of  1  ansdowne,  with  Conybeare  and  Priehard  as  Vice- 
Prcsidcnts,  with  Yernon  Ilarcourt  as  General  Secretary,  and  John  Phillips 
as  Assistant  Secretary,  were  gathered  together  AVhcwell  and  Peacock,  James 
Forbes  and  Sir  W.  Rowan  Hamilton,  Murchibon  and  Sedgwick,  Auckland  and 
])e  laBeche,  Ilenslow  and  Daubeny,  Roget,  Richardson,  and  Edward  Forbes, 
with  many  others,  perhaps  not  less  distinguished,  of  whom  my  own  recollec- 
tion is  less  vivid. 

In  his  honoured  old  age,  Sedgwick  still  retains,  in  the  Academic  home  of 
his  life,  all  his  pristine  interest  in  whatever  bears  on  the  advance  of  the 
Science  he  has  adorned  as  well  as  enriched  ;  and  Phillips  still  cultivates 
with  all  his  old  enthusiasm  the  congenial  soil  to  which  he  has  been  trans- 
planted. But  the  rest,— our  fathers  and  elder  brothers,— "  Where  are 
they  ?  "  It  is  for  us  of  the  present  generation  to  show  that  they  live  in  our 
lives ;  to  carry  forward  the  work  which  they  commenced ;  and  to  transmit 
the  influence  of  their  example  to  our  own  successors. 

There  is  one  of  these  great  men,  whose  departure  from  among  us  since  last 
we  met  claims  a  special  notice,  and  whose  life— full  as  it  was  of  years  and 
honours — wo  should  have  all  desired  to  sec  prolonged  for  a  few  months,  could 
its  feebleness  have  been  unattended  with  suffering.  For  we  should  all  then 
have  sympathized  with  Murchison,  in  the  delight  with  which  he  would  have 
received  the  intelligence  of  the  safety  of  the  friend  in  whose  scientific  labours 
and  personal  welfare  he  felt  to  the  last  the  keenest  interest.  That  this  in- 
telligence, which  our  own  Expedition  for  the  relief  of  Livingstone  would  have 
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obtained  (we  will  hope)  a  few  months  later,  should  have  been  brought 
to  us  through  the  generosity  of  one,  and  the  enterprising  ability — may  I  not 
use  our  peculiarly  English  word,  the  "  pluck  " — of  another  of  our  American 
brethren,  cannot  but  be  a  matter  of  national  regret  to  us.  But  lot  us  bury 
that  regret  in  the  common  joy  which  both  Nations  feel  in  the  result;  and 
while  we  give  a  cordial  welcome  to  Mr.  Stanley,  let  us  glory  in  the  prospect 
now  opening,  that  England  and  America  will  co-operate  in  that  noble  object 
which — far  more  than  the  discovery  of  the  Sources  of  the  Nile — our  great 
Traveller  has  set  before  himself  as  his  true  mission,  the  Extinction  of  the 
Slave  Trade. 

At  the  last  Meeting  of  this  Association,  I  had  the  pleasure  of  being  able 
to  announce,  that  I  had  received  from  the  First  Lord  of  the  Admiralty  a 
favourable  reply  to  a  representation  I  had  ventured  to  make  to  him,  as  to  the 
importance  of  prosecuting  on  a  more  extended  scale  the  course  of  inquiry 
into  the  Physical  and  Biological  conditions  of  the  Deep  Sea,  on  which,  with 
my  colleagues  Prof.  AVyville  Thomson  and  Mr.  J.  Gwyn  Jeffreys,  1  had  been 
engaged  for  the  three  preceding  years.  That  for  which  I  had  asked  was  a 
Circumnavigating  Expedition  of  at  least  three  years'  duration,  provided  with 
an  adequate  Scientific  Staff,  and  with  the  most  complete  Equipment  that  our 
experience  could  devise.  The  Council  of  the  lloyal  Society  having  been 
led  by  the  encouraging  tenor  of  the  answer  1  had  received,  to"  make 
a  formal  Application  to  this  effect,  the  liberal  arrangements  of  the  Go- 
vernment have  been  carried  out  under  the  advice  of  a  Scientific  Com- 
mittee which  included  Representatives  of  this  Association.  II.  M.  ship 
'  Challenger/  a  vessel  in  every  way  suitable  for  the  purpose,  is  now  being 
fitted  out  at  Sheerness;  the  Command  of  the  Expedition  is  intrusted  to 
Captain  Nares,  an  Officer  of  whose  high  qualifications  I  have  myself  the 
fullest  assurance ;  while  the  Scientific  charge  of  it  will  be  taken  by  my 
excellent  friend  Prof.  "VVyvillc  Thomson,  at  whose  suggestion  it  was  that 
these  investigations  were  originally  commenced,  and  whose  zeal  for  the 
efficient  prosecution  of  them  is  shown  by  his  relinquishmont  for  a  time  of  the 
important  Academic  position  he  at  present  fills.  It  is  anticipated  that  the 
Expedition  will  sail  in  November  next ;  and  I  feel  sure  that  the  good  wishes 
of  all  of  you  will  go  along  with  it. 

The  confident  anticipation  expressed  by  my  predecessor,  that  for  the  utili- 
zation of  the  total  Eclipse  of  the  Sun  then  impending,  our  Government  would 
"  exercise  the  same  wise  liberality  as  heretofore  in  the  interests  of  Science," 
has  been  amply  fulfilled.  An  Eclipse-Expedition  to  India  was  organized  at 
the  charge  of  the  Home  Government,  and  placed  under  the  direction  of  Mr. 
Lockyer ;  the  Indian  Government  contributed  its  quota  to  the  work ;  and  a 
most  valuable  body  of  results  was  obtained,  of  which,  with  those  of  the  pre- 
vious year,  a  Eeport  is  now  being  prepared  under  the  direction  of  the  Council 
of  the  Astronomical  Society. 

It  has  been  customary  with  successive  occupants  of  this  Chair,  distin- 
guished as  Leaders  in  their  several  divisions  of  the  noble  Army  of  Science,  to 
open  the  proceedings  of  the  Meetings  over  which  they  respectively  presided, 
with  a  Discourse  on  some  aspect  of  Nature  in  her  Eolation  to  Man.  But 
I  ani  not  aware  that  any  one  of  them  has  taken  up  the  other  side  of  the 
inquiry, — that  which  concerns  Man  as  the  " Interpreter  of  Nature;" 
and  I  have  therefore  thought  it  not  inappropriate  to  lead  you  to  the  con- 
pideration  of  the  Mental  processes,  by  which  are  formed  those  fundamental 
conceptions  of  Matter  and  Force,  of  Cause  and  Effect,  of  Law  and  Order, 
which  furnish  the  basis  of  all  scientific  reasoning,  and  constitute  the  PJnl 
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losopJda  prima  of  Bacon.  There  is  a  groat  deal  of  what  I  cannot  but 
regard  as  fallacious  and  misleading  Philosophy — "oppositions  of  Science  falsely 
so  called  " — abroad  in  the  world  at  the  present  time.  And  I  hope  to  satisfy 
you,  that  those  who  set  up  their  own  conceptions  of  the  Orderly  Sequence 
which  they  discern  in  the  Phenomena  of  Nature,  as  fixed  and  determinate 
Laws,  by  which  those  phenomena  not  only  are  within  all  Human  expe- 
rience, but  always  Jiave  been,  and  always  must  le,  invariably  governed,  are 
really  guilty  of  tho  Intellectual  arrogance  they  condemn  in  the  Systems  of 
the  Ancients,  and  place  themselves  in  diametrical  antagonism  to  those  real 
Philosophers,  by  whose  comprehensive  grasp  and  penetrating  insight  that 
Order  has  been  so  far  disclosed.  For  what  love  of  the  Truth  as  it  is  in 
Nature  was  ever  more  conspicuous,  than  that  which  Kepler  displayed,  in  his 
abandonment  of  each  of  tho  ingenious  conceptions  of  the  Planetary  System 
which  his  fertile  Imagination  had  successively  devised,  so  soon  as  it  proved 
to  bo  inconsistent  with  the  facts  disclosed  by  observation  ?  In  that  almost 
admiring  description  of  tho  way  in  which  his  enemy  Mars,  "  whom  ho  had 
left  at  home  a  despised  Captive,"  had  "  burst  all  the  chains  of  the  equations, 
and  broke  forth  from  tho  prisons  of  the  tables,"  who  does  not  recognize  tho 
justice  of  Schiller's  definition  of  the  real  Philosopher,  as  one  who  always 
loves  Truth  better  than  his  System  ?  And  when  at  last  lie  had  gained  the 
full  assurance  of  a  success  so  complete  that  (as  ho  says)  he  thought  he  must 
be  dreaming,  or  that  he  had  been  reasoning  in  a  circle,  who  does  not  feel  the 
almost  sublimity  of  the  self-abnegation,  with  which,  after  attaining  what 
was  in  his  own  estimation  such  a  glorious  reward  of  his  life  of  toil,  dis- 
appointment, and  self-sacrifice,  he  abstains  from  claiming  tho  applause  of 
his  contemporaries,  but  leaves  his  fame  to  after  ages  in  these  noble  words  : 
"  The  book  is  written ;  to  be  read  either  now  or  by  posterity,  I  care  not 
"  which.  It  may  well  wait  a  century  for  a  reader,  as  God  has  waited  six 
"  thousand  years  for  an  observer." 

And  when  a  yet  greater  than  Kepler  was  bringing  to  its  final  issue 
that  grandest  of  all  Scientific  Conceptions,  long  pondered  over  by  his 
almost  superhuman  intellect, — which  linked  together  the  Heavens  and  tho 
Earth,  the  Planets  and  the  Sun,  the  Primaries  and  their  Satellites,  and 
included  even  the  vagrant  Comets,  in  tho  nevus  of  u  Universal  Attraction — 
establishing  for  all  time  the  truth  for  whose  utterance  Galileo  had  been  con- 
demned, and  giving  to  Kepler's  Laws  a  significance  of  which  their  author  had 
never  dreamed, — what  was  the  meaning  of  that  agitation  which  prevented  the 
Philosopher  from  completing  his  computation,  and  compelled  him  to  hand  it 
over  to  his  friend  ?  That  it  was  not  tho  thought  of  his  own  greatness,  but 
the  glimpse  of  tho  grand  Universal  Order  thus  revealed  to  his  mental 
vision,  which  shook  the  serene  and  massive  soul  of  Newton  to  its  founda- 
tions, we  have  tho  proof  in  that  beautiful  comparison  in  which  he  likened 
himself  to  a  Child  picking  up  shells  on  the  shore  of  the  vast  Ocean  of  Truth ; 
— a  comparison  which  will  be  evidence  to  all  time  at  once  of  his  true  Phi- 
losophy and  of  his  profound  Humility. 

Though  it  is  with  the  Intellectual  llcprcseiitation  of  Nature  which  wo  call 
Science,  that  wo  are  primarily  concerned,  it  will  not  be  without  its  use  to  cast 
a  glance  in  the  first  instance  at  the  other  two  principal  characters  under 
which  Man  acts  as  her  Interpreter, — those,  namely,  of  the  Artist  and  of  tho 
Poet. 

The  Artist  serves  as  the  Interpreter  of  Nature,  not  when  ho  works  as  the 
mere  copyist,  delineating  that  which  he  sees  with  his  bodily  eyes,  and  which 
we  could  see  as  well  for  ourselves ;  but  when  he  endeavours  to  awaken  within 
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us  the  perception  of  those  beauties  and  harmonies  which  his  own  trained 
sense  has  recognized,  and  thus  impart  to  us  the  pleasure  he  has  himself  derived 
from  their  contemplation.  As  no  two  Artists  agree  in  the  original  constitu- 
tion and  acquired  habits  of  their  Minds,  all  look  at  Nature  with  different 
(mental)  eyes ;  so  that  to  each,  Nature  is  what  he  individually  sees  in  Jier. 

The  Poet,  again,  serves  as  the  Interpreter  of  Nature,  not  so  much  when 
by  skilful  word-painting  (whether  in  prose  or  verse)  ho  calls  up  before  our 
mental  vision  the  picture  of  some  actual  or  ideal  scene,  however  beautiful ; 
as  when,  by  rendering  into  appropriate  forms  those  deeper  impressions  made 
by  the  Nature  around  him  on  the  Moral  and  Emotional  part  of  his  own 
Nature,  he  transfers  these  impressions  to  the  corresponding  part  of  ours. 
For  it  is  the  attribute  of  the  true  Poet  to  penetrate  the  secret  of  those  mys- 
terious influences  Avhich  we  all  unknowingly  experience;  and  having  dis- 
covered this  to  himself,  to  bring  others,  by  the  power  he  thus  wields, 
into  the  like  sympathetic  relation  with  Nature, — evoking  with  skilful  touch 
the  varied  response  of  the  Soul's  finest  chords,  heightening  its  joys,  assuaging 
its  griefs,  and  elevating  its  aspirations.  Whilst,  then,  the  Artist  aims  to 
picture  what  he  sees  in  Nature,  it  is  the  object  of  the  Poet  to  represent  what 
he  feels  in  Nature ;  and  to  each  true  Poet,  Nature  is  ivhat  lie  individually 
finds  in  her. 

The  Philosopher's  interpretation  of  Nature  seems  less  individual  than  that  of 
the  Artist  or  the  Poet,  because  it  is  based  on  facts  which  anyone  may  verily, 
and  is  elaborated  by  reasoning  processes  of  which  all  admit  the  validity. 
He  looks  at  the  Universe  as  a  vast  Book  lying  open  before  him,  of  which  ho 
has  in  the  first  place  to  learn  the  characters,  then  to  master  the  language, 
and  filially  to  apprehend  the  ideas  which  that  language  conveys.  In  that 
Book  there  are  many  Chapters,  treating  of  different  subjects  ;  and  as  Life  is 
too  short  for  any  one  man  to  grasp  the  whole,  the  Scientific  interpretation  of 
this  Book  comes  to  be  the  work  of  many  Intellects,  differing  not  merely  in 
the  range  but  also  in  the  character  of  their  powers.  But  whilst  there  are 
"  diversities  of  gifts,"  there  is  "  the  same  spirit."  While  each  takes  his 
special  direction,  the  general  Method  of  study  is  the  same  for  all.  And  it  is 
a  testimony  alike  to  the  truth  of  that  Method  and  to  the  Unity  of  Nature,  that 
there  is  an  ever-increasing  tendency  towards  agreement  among  those  who  use 
it  aright ; — temporary  differences  of  interpretation  being  removed,  sometimes 
by  a  more  complete  mastery  of  her  language,  sometimes  by  a  better  appre- 
hension of  her  ideas ; — and  lines  of  pursuit  which  had  seemed  entirely  distinct 
or  even  widely  divergent,  being  found  to  lead  at  last  to  one  common  goal. 
And  it  is  this  agreement  which  gives  rise  to  the  general  belief — in  many,  to 
the  confident  assurance — that  the  Scientific  interpretation  of  Nature  represents 
her  not  merely  as  she  seems,  but  as  she  really  is. 

But  when  we  carefully  examine  the  foundation  of  that  assurance,  wo 
find  reason  to  distrust  its  security ;  for  it  can  be  shown  to  be  no  less 
true  of  the  Scientific  conception  of  Nature,  than  it  is  of  the  Artistic  or  tho 
Poetic,  that  it  is  a  represaitation  framed  by  the  Mind  itself  out  of  the 
materials  supplied  by  the  impressions  which  external  objects  make  upon  tho 
Senses  ;  so  that  to  each  Man  of  Science,  Nature  is  what  he  individually  believes 
Jier  to  be.  And  that  belief  will  rest  on  very  different  bases,  and  will  have 
very  unequal  values,  in  different  departments  of  Science. — Thus  in  what  are 
commonly  known  as  the  "  exact"  Sciences,  of  which  Astronomy  may  be  taken 
as  the  type,  the  data  afforded  by  precise  methods  of  observation  can  be  made 
the  basis  of  reasoning,  in  every  step  of  which  the  Mathematician  feels  the 
fullest  assurance  of  certainty ;  and  the  final  deduction  is  justified  cither  by 
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its  conformity  to  known  or  ascortainablo  facts, — as  when  Kepler  determined 
the  elliptic  orbit  of  Mars;  or  by  the  fulfilment  of  the  predictions  it  has 
sanctioned, — as  in  the  occurrence  of  an  Eclipse  or  an  Occupation  at  the 
precise  moment  specified  many  years  previously ;  or,  still  more  emphatically, 
by  the  actual  discovery  of  phenomena  till  then  unrecognized, — as  when  the 
Perturbations  of  the  planets,  shown  by  Newton  to  be  the  necessary  results  of 
their  mutual  attraction,  were  proved  by  observation  to  have  a  real  existence ; 
or  as  when  the  unknown  disturber  of  Uranus  was  found  in  the  place  assigned 
to  him  by  the  computations  of  Adams  and  Le  Verrier. 

"Wo  are  accustomed,  and  I  think  most  rightly,  to  speak  of  these  achieve- 
ments as  triumphs  of  the  Human  Intellect.  But  the  very  phrase  implies  that 
the  work  is  done  by  Mental  Agency.  And  even  in  the  very  first  stage  of  the 
process — the  interpretation  of  observations — there  is  often  a  liability  to  serious 
error.  Of  this  we  have  a  most  noteworthy  example  in  the  fact  that  the  esti- 
mated distance  of  the  Earth  from  the  Sun,  deduced  from  observations  of  the 
last  Transit  of  Venus,  is  now  pretty  certainly  known  to  bo  about  three 
millions  of  miles  too  great ;  the  strong  indications  of  such  an  excess  afforded 
by  the  nearly  coincident  results  of  other  modes  of  inquiry  having  led  to  a 
rcexamination  of  the  record,  which  was  found,  when  fairly  interpreted, 
fully  to  justify — if  not  even  to  require — the  reduction.  Even  the  veri- 
fication of  the  prediction  is  far  from  proving  the  Intellectual  process  by 
which  it  was  made  to  have  been  correct.  For  we  learn  from  the  honest 
confessions  of  Kepler,  that  he  was  led  to  the  discovery  of  the  Elliptic  orbit  of 
Mars  by  a  scries  of  happy  accidents,  which  turned  his  erroneous  guesses  into 
tho  right  direction ;  and  to  that  of  the  passage  of  the  Iladius  Yector  over  equal 
areas  in  equal  limes,  by  the  notion  of  a  whirling  force  emanating  from  the  Sun, 
which  we  now  regard  as  an  entirely  wrong  conception  of  the  cause  of  orbital 
revolution  *.  It  should  always  be  remembered,  moreover,  that  tho  Ptolemaic 
system  of  Astronomy,  with  all  its  cumbrous  ideal  mechanism  of  "  Centric  and 
Excentric,  Cycle  and  Epicycle,  Orb  in  Orb,"  did  intellectually  represent  all  that 
the  Astronomer,  prior  to  the  invention  of  the  Telescope,  could  sec  from  his  actual 
standpoint,  tho  Earth,  with  an  accuracy  which  was  proved  by  the  fulfilment 
of  his  predictions.  And  in  that  last  and  most  memorable  anticipation  which 
has  given  an  imperishable  fame  to  our  two  illustrious  contemporaries,  the 
inadequacy  of  the  basis  afforded  by  actual  observation  of  the  perturbations 
of  Uranus,  required  that  it  should  be  supplemented  by  an  assumption  of  tho 
probable  distance  of  the  disturbing  Planet  beyond,  which  has  been  shown  by 
subsequent  observation  to  have  been  only  an  approximation  to  the  truth. 

Even  in  this  most  exact  of  Sciences,  therefore,  we  cannot  proceed  a  step, 
without  translating  the  actual  Phenomena  of  Nature  into  Intellectual  Repre- 
sentations of  those  phenomena ;  and  it  is  because  the  Newtonian  conception 
is  not  only  the  most  simple,  but  is  also,  up  to  the  extent  of  our  present 
knowledge,  universal  in  its  conformity  to  the  facts  of  observation,  that  we 
accept  it  as  the  only  Scheme  of  the  Universe  yet  promulgated,  which  satisfies 
our  Intellectual  requirements. 

When,  under  tho  reign  of  the  Ptolemaic  System,  any  new  inequality  was 
discovered  in  tho  motion  of  a  Planet,  a  new  wheel  had  to  be  added  to  tho 
ideal  Mechanism, — as  Ptolemy  said,  "  to  save  appearances."  If  it  should 
prove,  a  century  hence,  that  the  motion  of  Neptune  himself  is  disturbed 
by  some  other  attraction  than  that  exerted  by  the  interior  Planets,  we 
should  confidently  expect  that  not  an  ideal  but  a  real  cause  for  that  dis- 
turbance will  be  found  in  the  existence  of  another  Planet  beyond.  But 
*  See  Drinkwatcr's '  Life  of  Kepler/  in  tho  Library  of  Useful  Knowledge,  pp.  26-35. 
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I  trust  that  I  have  now  made  it  evident  to  you,  that  this  confident  expectation 
is  not  justified  by  any  absolute  necessity  of  Nature,  but  arises  entirely  out 
of  our  belief  in  her  Uniformity ;  and  into  the  grounds  of  this  and  other 
Primary  Beliefs,  which  serve  as  the  foundation  of  all  Scientific  reasoning,  we 
shall  presently  inquire. 

There  is  another  class  of  cases,  in  which  an  equal  certainty  is  generally 
claimed  for  conclusions  that  seem  to  flow  immediately  from  observed  facts, 
though  really  evolved  by  Intellectual  processes  ;  the  apparent  simplicity  and 
directness  of  those  processes  either  causing  them  to  be  entirely  overlooked, 
or  veiling  the  assumptions  on  which  they  are  based. — Thus  Mr.  Lockyer 
speaks  as  confidently  of  the  Sun's  Chromosphere  of  incandescent  Hydro- 
gen, and  of  the  local  outbursts  which  cause  it  to  send  forth  projections  tens 
of  thousands  of  miles  high,  as  if  ho  had  been  able  to  capture  a  flask  of  this 
gas,  and  had  generated  water  by  causing  it  to  unite  with  oxygen.  Yet  this 
confidence  is  entirely  based  on  the  assumption,  that  a  certain  line  which  is  seen 
in  the  Spectrum  of  a  hydrogen  flame,  means  hydrogen  also  when  seen  in  the 
spectrum,  of  the  Sun's  chromosphere;  and  high  as  is  the  probability  of  that 
assumption,  it  cannot  be  regarded  as  a  demonstrated  certainty,  since  it  is  by 
no  means  inconceivable  that  the  same  line  wiylit  be  produced  by  some  other 
substance  at  present  unknown. — And  so  when  Dr.  Huggins  deduces  from 
the  different  relative  positions  of  certain  lines  in  the  spectra  of  different  Stars, 
that  these  Stars  are  moving  from  or  towards  us  in  space,  his  admirable  train  of 
reasoning  is  based  on  the  assumption  that  these  lines  have  the  same  meaning 
— that  is,  that  they  represent  tlie  same  elements — in  every  luminary.  That 
assumption,  like  the  preceding,  may  be  regarded  as  possessing  a  sufficiently 
high  probability  to  justify  the  reasoning  based  upon  it ;  more  especially 
since,  by  the  other  researches  of  that  excellent  observer,  the  same  Chemical 
elements  have  been  detected  as  vapours  in  those  filmy  cloudlets  which  seem 
to  be  stars  in  an  early  stage  of  consolidation.  But  when  Frankland  and 
Lockyer,  seeing  in  the  spectrum  of  the  yellow  Solar  prominences  a  certain 
bright  line  not  identifiable  with  that  of  any  known  Terrestrial  flame,  attri- 
bute this  to  a  hypothetical  new  substance  which  they  propose  to  call  Helium, 
it  is  obvious  that  their  assumption  rests  on  a  far  less  secure  foundation  ; 
until  it  shall  have  received  that  verification,  which,  in  the  caso  of  Mr. 
Crookes's  researches  on  Thallium,  was  afforded  by  the  actual  discovery  of  tho 
new  metal,  whoso  presence  had  been  indicated  to  him  by  a  line  in  tho 
Spectrum  not  attributable  to  any  substance  then  known. 

In  a  large  number  of  other  cases,  moreover,  our  Scientific  interpretations 
are  clearly  matters  of  judgment ;  and  this  is  eminently  a  personal  act,  the 
value  of  its  results  depending  in  each  case  upon  the  qualifications  of  the 
individual  for  arriving  at  a  correct  decision.  The  surest  of  such  judgments 
are  those  dictated  by  what  we  term  "  Common  Sense,"  as  to  matters  on 
which  there  seems  no  room  for  difference  of  opinion,  because  every  sane 
person  comes  to  the  same  conclusion,  although  he  may  be  able  to  give  no 
other  reason  for  it  than  that  it  appears  to  him  "  self-evident."  Thus  while 
Philosophers  have  raised  a  thick  cloud  of  dust  in  tho  discussion  of  the  basis 
of  our  belief  in  tho  existence  of  a  World  external  to  ourselves, — of  the  Non 
Ego,  as  distinct  from  the  Ego, — and  while  every  Logician  claims  to  have 
found  some  flaw  in  the  proof  advanced  by  every  other, — the  Common  Sense  of 
Mankind  has  arrived  at  a  decision  that  is  practically  worth  all  the  arguments 
of  all  the  Philosophers  who  have  fought  again  and  again  over  this  battle- 
ground. And  I  think  it  can  be  shown  that  the  trustworthiness  of  this 
Common  Sense  decision  arises  from  its  dependence,  not  on  any  one  set  of 
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Experiences,  but  upon  our  unconscious  co-ordination  of  the  whole  aggregate 
of  our  Experiences, — not  on  the  conclusiveness  of  any  one  train  of  Reasoning, 
but  on  the  convergence  of  all  our  lines  of  thought  towards  this  one  centre. 

Now  this  "  Common  Sense,"  disciplined  and  enlarged  by  appropriate  culture, 
becomes  one  of  our  most  valuable  instruments  of  Scientific  inquiry  ;  affording 
in  many  instances  the  best,  and  sometimes  the  only,  basis  for  a  rational  con- 
clusion. Let  us  take  as  a  typical  case,  in  which  no  special  knowledge  is 
required,  what  we  are  accustomed  to  call  the  "  flint  implements  "  of  the 
Abbeville  and  Amiens  gravel-beds,  No  logical  proof  can  be  adduced  that 
the  peculiar  shapes  of  these  flints  were  given  to  them  by  Human  hands ;  but 
docs  any  unprejudiced  person  now  doubt  it  ?  The  evidence  of  design,  to 
which,  after  an  examination  of  one  or  two  such  specimens,  wo  should  only 
be  justified  in  attaching  a  probable  value,  derives  an  irresistible  cogenoy 
from  accumulation.  On  the  other  hand,  the  improbability  that  these  flints 
acquired  their  peculiar  shape  by  accident,  becomes  to  our  minds  greater 
and  greater  as  more  and  more  such  specimens  arc  found ;  until  at  last  this 
hypothesis,  although  it  cannot  be  directly  disproved,  is  felt  to  be  almost  in- 
conceivable, except  by  minds  previously  "  possessed  "  by  the  "  dominant  idea  " 
of  the  modern  origin  of  Man,  And  thus  what  was  in  the  first  instance  a 
matter  of  discussion,  has  now  become  one  of  those  "  self-evident "  propositions, 
which  claim  the  unhesitating  assent  of  all  whoso  opinion  on  the  subject  is 
entitled  to  the  least  weight. 

We  proceed  upwards,  however,  from  such  questions  as  the  Common  Sense 
of  Mankind  generally  is  competent  to  decide,  to  those  in  which  special  know- 
ledge is  required  to  give  value  to  the  judgment ;  and  thus  the  interpretation 
of  Nature  by  the  use  of  that  faculty  comes  to  be  more  and  more  individual ; 
things  being  perfectly  "  self-evident "  to  men  of  special  culture,  which  ordi- 
nary men,  or  men  whose  training  has  lain  in  a  different  direction,  do  not 
apprehend  as  such.     Of  all  departments  of  Science,  Geology  seems  to  me  to 
be  the  one  that  most  depends  on  this  specially -trained  "  Common  Sense;" 
which   brings  as  it  were  into   one  focus  the  light   afforded  by  a  great 
variety  of  studies, — Physical  and  Chemical,  Geographical  and  Biological; 
and  throws  it  on  the  pages  of  that  Great  Stone  Book,  on  which  the  past 
history  of  our  Globe  is  recorded.     And  whilst  Astronomy  is  of  all  Sciences 
that  which  may  bo  considered  as  most  nearly  representing  Nature  as  she 
really  is,  Geology  is   that  which  most   completely  represents  her  as  seen 
through  the  medium  of  the  interpreting  mind ;  the  meaning  of  the  phenomena 
that  constitute  its  data  being  in  almost  every  instance  open  to  question, 
and  the  judgments  passed  upon  the  same  facts  being  often  different  according 
to  the  qualifications  of  the  several  judges.     No  one  who  has  even  a  general 
acquaintance  with  the  history  of  this  department  of  Science,  can  fail  to  see 
that  the  Geology  of  each  epoch  has  been  the  reflection  of  the  Minds  by  which 
its  study  was  then  directed ;  and  that  its  true  progress  dates  from  the  time 
when  that  "  Common  Sense  r  method  of  interpretation  came  to  be  generally 
adopted,  which  consists  in  seeking  the  explanation  of  past  changes  in  the 
Forces  at  present  in  operation,  instead  of  invoking  the  aid  of  extraordinary 
and  mysterious  agencies,  as  the  older  Geologists  were  wont  to  do,  whenever 
they  wanted — like  the  Ptolemaic  Astronomers — "  to  save  appearances."    The 
whole  tendency  of  the  ever-widening  range  of  modern  Geological  inquiry 
has  been  to  show  how  little   reliance  can  be  placed  upon  the  so-called 
"  Laws  "  of  Stratigraphical  and  Palacontological  Succession,  and  how  much 
allowance  has  to  be  made  for  local  conditions.     So  that  while  the  Astro- 
nomer is  constantly  enabled  to  point  to  the  fulfilment  of  his  predictions  as  an 
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evidence  of  the  correctness  of  his  method,  the  Geologist  is  almost  entirely 
destitute  of  any  such  means  of  verification.  For  the  value  of  any  prediction 
that  he  may  hazard — as  in  regard  to  the  existence  or  non-existence  of  Coal 
in  any  given  area, — depends  not  only  upon  the  truth  of  the  general  doctrines 
of  Geology  in  regard  to  the  succession  of  Stratified  Deposits,  but  still  more 
upon  the  detailed  knowledge  which  he  may  have  acquired  of  the  distribution 
of  those  Deposits  in  the  particular  locality.  Hence  no  reasonably-judging 
man  would  discredit  cither  the  general  doctrines  or  the  methods  of  Geology, 
because  the  prediction  proves  untrue  in  such  a  case  as  that  now  about  to 
be  brought  in  this  neighbourhood  to  the  trial  of  experience. 

We  have  thus  considered  Man's  function  as  the  Scientific  Interpreter  of 
Nature  in  two  departments  of  Natural  Knowledge  ;  one  of  which  affords  an 
example  of  the  strictest,  and  the  other  of  the  freest  method,  which  Man  can 
employ  in  constructing  his  Intellectual  representation  of  the  Universe.  And  as 
it  would  be  found  that  in  the  study  of  all  other  departments  the  same  methods 
are  used,  either  separately  or  in  combination,  we  may  pass  at  once  to  an- 
other part  of  our  inquiry. 

The  whole  fabric  of  Geometry  rests  upon  certain  Axioms  which  every  one 
accepts  as  true,  but  of  which  it  is  necessary  that  the  truth  should  be  assumed, 
because  they  are  incapable  of  demonstration.  So,  too,  the  deliverances  of  our 
if  Common  Sense "  derive  their  trustworthiness  from  what  we  consider  the 
"  self-evidence "  of  the  propositions  affirmed.  There  arc,  then,  certain 
Primary  Beliefs,  which  constitute  the  groundwork  of  all  Scientific  reasoning ; 
and  we  have  next  to  inquire  into  their  origin. 

This  inquiry  brings  us  face  to  face  with  one  of  the  great  Philosophical 
problems  of  our  day,  which  has  been  discuwsed  by  Logicians  and  Meta- 
physicians of  the  very  highest  ability  as  Leaders  of  opposing  Schools,  with 
the  one  result  of  showing  how  much  can  be  said  on  eacli  side.  By  the 
Intuitional  ists  it  is  asserted  that  the  tendency  to  form  these  Primary  Beliefs 
is  inborn  in  Man,  an  original  part  of  his  mental  organization ;  so  that  they 
grow  up  spontaneously  in  his  Mind  as  its  faculties  are  gradually  unfolded 
and  developed,  requiring  no  other  Experience  for  their  genesis,  than  that 
which  suffices  to  call  these  faculties  into  exercise.  But  by  the  advocates  of 
the  doctrine  which  regards  Experience  as  the  basis  of  all  our  knowledge, 
it  is  maintained  that  the  Primary  Beliefs  of  each  individual  are  nothing  else 
than  generalizations  which  ho  forms  of  such  experiences  as  he  has  either 
himself  acquired  or  has  consciously  learned  from  others  ;  and  they  deny 
that  there  is  any  original  or  intuitive  tendency  to  the  formation  of  such 
beliefs,  beyond  that  which  consists  in  the  power  of  retaining  and  generalizing 
experiences. 

I  have  not  introduced  this  subject  with  any  idea  of  placing  before  you 
even  a  summary  of  the  ingenious  arguments  by  which  these  opposing 
doctrines  have  been  respectively  supported ;  nor  should  I  have  touched  on 
the  question  at  all,  if  I  did  not  believe  that  a  means  of  reconcilement  between 
them  can  bo  found  in  the  idea,  that  the  Intellectual  Intuitions  of  any  one 
Generation  are  the  embodied  Experiences  of  the  previous  liace.  For,  as  it 
appears  to  me,  there  has  been  a  progressive  improvement  in  the  Thinkiny 
Power  of  Man ;  every  product  of  the  culture  which  has  preceded  serving  to 
prepare  the  soil  for  yet  more  abundant  harvests  in  the  future. 

Now,  as  there  can  be  no  doubt  of  the  Hereditary  transmission  in  Man  of 
acquired  constitutional  peculiarities,  which  manifest  themselves  alike  in 
tendencies  to  Bodily  and  to  Mental  disease,  so  it  seems  equally  certain  that 
acquired  mental  habitudes  often  impress  themselves  on  his  organization,  with 
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sufficient  force  and  permanence  to  occasion  their  transmission  to  the  offspring 
as  tendencies  to  similar  modes  of  thought.  And  thus,  while  all  admit  that 
Knowledge  cannot  thus  descend  from  one  generation  to  another,  an  increased 
aptitude  for  the  acquirement,  either  of  knowledge  generally,  or  of  some  par- 
ticular kind  of  it,  may  be  thus  inherited.  Those  tendencies  and  aptitudes 
will  acquire  additional  strength,  expansion,  and  permanence,  in  each  new 
generation,  from  their  habitual  exercise  upon  the  materials  supplied  by  a  con- 
tinually enlarged  experience  ;  and  thus  the  acquired  habitudes  produced  by 
the  Intellectual  culture  of  ages,  will  become  "  a  second  nature  "  to  every  one 
who  inherits  them  *. 

We  have  an  illustration  of  this  progress  in  the  fact  of  continual  occurrence, 
that  conceptions  which  prove  inadmissible  to  the  minds  of  one  generation,  in 
consequence  either  of  their  want  of  intellectual  power  to  apprehend  them,  or 
of  their  preoccupation  by  older  habits  of  thought,  subsequently  find  a  uni- 
versal acceptance,  and  even  come  to  be  approved  as  "  self-evident."  Thus  the 
First  Law  of  Motion,  divined  by  the  genius  of  Xewtoii,  though  opposed  by 
many  Philosophers  of  his  time  as  contrary  to  all  experience,  is  now  accepted 
by  common  consent,  not  merely  as  a  legitimate  inference  from  Experiment, 
but  as  the  expression  of  a  necessary  and  universal  truth;  and  tho  same 
Axiomatic  value  is  extended  to  the  still  more  general  doctrine,  that  Energy 
of  any  kind,  whether  manifested  in  tho  "  molar  ''  motion  of  masses,  or  con- 
sisting in  the  "molecular'*  motion  of  atoms,  must  continue  under  some 
form  or  other  without  abatement  or  decay ;  what  all  admit  in  regard  to 
the  indestructibility  of  Matter,  being  accepted  as  no  less  true  of  Force,  namely, 
that  as  ex  nihllo  nil  fit,  so  nil  fit  ad  nlhlhiin  f. 

But,  it  may  be  urged,  the  very  conception  of  these  and  similar  great  truths 
is  in  itself  a  typical  example  of  Intuition.  The  men  who  divined  and  enun- 
ciated them  stand  out  above  their  fellows,  as  possessed  of  a  Genius  which 
could  not  only  combine  but  create,  of  an  Insight  which  could  clearly  discern 
what  Keason  could  but  dimly  shadow  forth.  Granting  this  freely,  I  think 
it  may  be  shown  that  the  Intuitions  of  individual  Genius  are  but  specially 
exalted  forms  of  endowments  which  are  the  general  property  of  the  llace  at 
the  time,  and  which  have  come  to  be  so  in  virtue  of  its  whole  previous  culture. — 
Who,  for  example,  could  refuse  to  the  marvellous  aptitude  for  perceiving  the 
relations  of  Numbers,  which  displayed  itself  in  the  untutored  boyhood  of 
George  Bidder  and  Xerah  Colburn,  the  title  of  an  Intuitive  gift?  But  who, 
on  the  other  hand,  can  believe  that  a  Bidder  or  a  Colburn  could  suddenly 

*  This  doctrine  was  first  explicitly  put  forth  by  Mr.  Herbert  Spencer;  in  whose 
Philosophical  Treatises  it  will  be  found  most  ably  developed.  1  am  glad  to  be  able  to 
append  the  following  extract  from  a  letter  which  *Mr.  John  Mill,  the  great  Master  "of  tho 
Experiential  School,  was  good  enough  to  write  to  me  a  few  months  sime,  with  reference 
to  tho  attempt  I  had  made  to  place  "Common  Sense"  upon  this  basis  (Contemporary 
Beview,  Feb.  1872): — "  When  states  of  mind  in  no  respect  innate  or  instinctive  havo  been 
rt  frequently  repeated,  tho  mind  acquires,  as  is  proved  by  the  power  of  Habit,  a  greatly 
"  increased  facility  of  passing  into  those  states;  and  this  increased  facility  must  be  owing 
"  to  some  change  of  a  physical  character  in  the  organic  action  of  the  Brain.  There  is  also 
"  considerable  evidence  that  such  acquired  facilities  of  passing  into  certain  modes  of 
"  cerebral  action  can  in  many  cases  be  transmitted,  more  or  less  completely,  by  inheritance. 
"  Tho  limits  of  this  power  of  transmission,  and  the  conditions  on  which  it  depends,  are  a 
11  subject  now  fairly  before  tho  scientific  world ;  and  we  shall  doubtless  in  time  know  much 
11  more-  about  them  than  we  do  now.  But  so  far  as  my  imperfect  knowledge  of  the  subject 
11  qualifies  me  to  havo  an  opinion,  I  take  much  the  same  view  of  it  that  you  do,  at  least 
"  in  principle." 

t  This  is  the  form  in  which  tho  doctrine  now  known  as  that  of  tho  "  Conservation  of 
Energy  "was  enunciated  by  Dr.  Mayer,  in  tho  very  remarkable  Essay  published  by  him  in 
1845,  entitled  "  Die  organischo  Bowcgung  iu  ihrem  Zusaiuincnhango  uiit  dein  Stoffwechsel/1 
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arise  in  a  race  of  Savages  who  cannot  count  beyond  five  ?  Or,  again,  in  the 
history  of  the  very  earliest  years  of  Mozart,  who  can  fail  to  recognize  the 
dawn  of  that  glorious  Genius,  whose  brilliant  but  brief  career  left  its  im- 
perishable impress  on  the  Art  it  enriched  ?  But  who  would  be  bold  enough 
to  affirm  that  an  infant  Mozart  could  bo  born  amongst  a  tribe,  whose  only 
musical  instrument  is  a  tom-tom,  whose  only  song  is  a  monotonous  chant  ? 

Again,  by  tracing  the  gradual  yenesis  of  some  of  those  Ideas  which  we  now 
accept  as  "  self-evident," — such,  for  example,  as  that  of  the  "  Uniformity  of 
Nature  " — we  are  able  to  recognize  them  as  the  expressions  of  certain  Intel- 
lectual tendencies,  which  have  progressively  augmented  in  force  in  successive 
generations,  and  now  manifest  themselves  as  acquired  Mental  Instincts  that 
penetrate  and  direct  our  ordinary  course  of  Thought.  Such  Instincts  constitute 
a  precious  heritage,  which  has  been  transmitted  to  us  with  ever-increasing 
value  through  the  long  succession  of  preceding  generations ;  and  which  it  is 
for  us  to  transmit  to  those  who  shall  come  after  us,  with  all  that  further  in- 
crease which  our  higher  Culture  and  wider  range  of  Knowledge  can  impart. 

And  now,  having  studied  the  working  action  of  the  Human  Intellect  in 
the  Scientific  Interpretation  of  Nature,  we  shall  examine  the  general  character 
of  its  products ;  and  the  first  of  these  with  which  we  shall  deal  is  our  con- 
ception of  Matter  and  of  its  relation  to  Force. 

The  Psychologist  of  the  present  day  views  Matter  entirely  through  the 
light  of  his  own  Consciousness  :  his  idea  of  Matter  in  the  abstract  being-  that 
it  is  a  " something"  which  has  a  permanent  power  of  exciting  Sensations  ; 
his  idea  of  any  "  property  "  of  Matter  being  the  mental  representation  of 
some  kind  of  sensory  impression  he  has  received  from  it;  and  his  idea 
of  any  particular  kind  of  Matter  being  the  representation  of  the  whole 
aggregate  of  the  Sense-perceptions  which  its  presence  has  called  up  in  his 
Mind.  Thus  when  I  press  my  hand  against  this  table,  I  recognize  its 
unyieldingness  through  the  conjoint  medium  of  my  sense  of  Touch,  my 
Muscular  sense,  and  my  Mental  sense  of  Effort,  to  which  it  will  be  convenient 
to  give  the  general  designation  of  the  Tactile  Sense ;  and  I  attribute  to  that 
table  a  hardness  which  resists  the  effort  I  make  to  'press  my  hand  into  its 
substance,  whilst  I  also  recognize  the  fact  that  the  force  I  have  employed  is 
not  sufficient  to  move  its  mass.  But  I  press  my  hand  against  a  lump  of 
dough ;  and  finding  that  its  substance  yields  under  my  pressure,  I  call  it 
soft.  Or  again,  I  press  my  hand  against  this  desk  ;  and  I  find  that  although 
I  do  not  thereby  change  its/orm,  I  change  its  place  ;  and  so  I  get  the  Tactile 
idea  of  Motion.  Again,  by  the  impressions  received  through  the  same 
SensQrial  apparatus,  when  I  lift  this  book  in  my  hand,  I  am  led  to  attach  to 
it  the  notion  of  weight  or  ponderosity ;  and  by  lifting  different  solids  of  about 
the  same  size,  I  am  enabled,  by  the  different  degrees  of  exertion  I  find 
myself  obliged  to  make  in  order  to  sustain  them,  to  distinguish  some  of  them 
as  light,  and  others  as  heavy.  Through  the  medium  of  another  set  of  Sense- 
perceptions  which  some  regard  as  belonging  to  a  different  category,  we  dis- 
tinguish between  bodies  that  feel  "  hot "  and  those  that  feel  "  cold ; "  and  in 
this  manner  we  arrive  at  the  notion  of  differences  of  Temperature.  And 
it  is  through  the  medium  of  our  Tactile  Sense,  without  any  aid  from  Vision, 
that  we  first  gain  the  idea  of  solid  form,  or  the  Three  Dimensions  of  Space. 

Again,  by  the  extension  of  our  Tactile  experiences,  we  acquire  the  notion 
of  liquids,  as  forms  of  matter  yielding  readily  to  pressure,  but  possessing  a 
sensible  weight  which  may  equal  that  of  solids  :  and  of  air,  whoso  resisting 
power  is  much  slighter,  and  whose  weight  is  so  small  that  it  can  only  bo 
made  sensible  by  artificial  means,  Thus,  then,  we  arrive  at  the  notions  of 
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resistance  and  of  weight  as  properties  common  to  all  forms  of  Matter ;  and 
now  that  we  have  got  rid  of  that  idea  of  Light  and  Heat,  Electricity  and 
Magnetism,  as  "  imponderable  fluids,"  which  used  to  vex  our  souls  in  our 
Bcientific  Childhood,  and  of  which  the  popular  term  "  Electric  fluid "  is  a 
"  survival,"  we  accept  these  properties  as  affording  the  practical  distinction 
between  the  "material"  and  the  "immaterial." 

Turning,  now,  to  that  other  great  portal  of  Sensation,  the  Sight,  through 
which  we  receive  most  of  the  messages  sent  to  us  from  the  Universe  around, 
we  recognize  the  same  truth.  Thus  it  is  agreed  alike  by  Physicists  and 
Physiologists,  that  Colour  does  not  exist  as  such  in  the  object  itself;  which 
has  merely  the  power  of  reflecting  or  transmitting  a  certain  number  of 
millions  of  undulations  in  a  second;  and  these  only  produce  that  affection 
of  our  consciousness  which  wo  call  Colour,  when  they  fall  upon  the  retina  of 
the  living  Percipient.  And  if  there  be  that  defect  either  in  the  retina  or  in 
the  apparatus  behind  it,  which  we  call  "colour-blindness"  or  Daltonism, 
some  particular  hues  cannot  bo  distinguished,  or  there  may  even  be  no  power 
of  distinguishing  any  colour  whatever.  If  we  were  all  like  Dalton,  we  should 
sec  no  difference,  except  in  form,  between  ripe  cherries  hanging  on  a  tree, 
and  the  green  leaves  around  them  :  if  we  were  all  affected  with  the  severest 
form  of  colour-blindness,  the  fair  face  of  Nature  would  be  seen  by  us  as  in 
the  chiaroscuro  of  an  Engraving  of  one  of  Turner's  Landscapes,  not  as  in  the 
glowing  hues  of  the  wondrous  Picture  itself.  And  in  regard  to  our  Visual 
conceptions  it  may  be  stated  with  perfect  certainty,  as  the  result  of  very 
numerous  observations  made  upon  persons  who  have  acquired  sight  for  the 
iirst  time,  that  those,  do  not  serve  for  the  recognition  even  of  those  objects 
with  which  the  individual  had  become  most  familiar  through  the  Touch, 
until  the  two  sets  of  Sense -perception  shave  been  co-ordinated  by  experience*. 
When  once  this  co-ordination  lias  been  effected,  however,  the  composite 
perception  of  Form  which  we  derive  from  the  Visual  sense  alone  is  so 
complete,  that  we  seldom  require  to  fall  back  upon  the  Touch  for  any  further 
information  respecting  that  quality  of  the  object. — So,  again,  while  it  is 
from  the  co-ordination  of  the  two  dissimilar  pictures  formed  by  any  solid 
or  projecting  object  upon  our  two  retina?,  that  (as  Sir  Charles  Wheat- 
stone's  admirable  investigations  have  shown)  we  ordinarily  derive  through 
the  Sight  alone  a  correct  notion  of  its  solid  form,  there  is  adequate  evidence 
that  this  notion,  also,  is  a  mental  judgment  based  on  the  experience  wo  have 
acquired  in  early  infancy  by  the  consentaneous  exercise  of  the  Visual  and 
Tactile  senses. 

Take,  again,  the  case  of  those  wonderful  instruments  by  which  our  Visual 
range  is  extended  almost  into  the  infinity  of  Space,  or  into  the  infinity  of 
Minuteness.  It  is  the  mental  not  the  bodily  eye,  that  takes  cognizance  of 
what  tho  Telescope  nnd  the  Microscope  reveal  to  us.  For  we  should  have 
no  well-grounded  confidence  in  their  revelations  as  to  the  unknown,  if  we 
had  not  first  acquired  experience  in  distinguishing  the  true  from  the  false 
by  applying  them  to  knoivn  objects ;  and  every  interpretation  of  what  we  see 
through  their  instrumentality  is  a  mental  judgment  as  to  the  probable  form, 

*  Thus,  in  a  recently  recorded  case  in  winch  sight  -was  imparted  by  operation  to  a  younc 
woman  who  had  been  blind  from  birfh,  but  who  had  nevertheless  learned  to  work  well 
with  her  needle,  when  the  pair  of  BcimorH  she  had  been  accustomed  to  uso  was  placed 
before  her,  though  she  described  their  shape,  colour,  and  glistening  metallic  character,  sho 
WHS  utterly  unable  to  recognixo  them  as  scissors  until  she  put  her  finger  on  them,  when 
she  at  once  named  them,  laughing  at  her  own  stupidity  (as  she  called  it)  in  not  having 
made  them  out  before. 


Uxx  REPORT — 1872. 

size,  and]  movement  of  bodies  removed  by  either  their  distance  or  their  mi- 
nuteness'from  being  cognosced  by  our  Tactile  Sense. 

The  case  is  still  stronger  in  regard  to  that  last  addition  to  our  Scientific 
armamentum,  which  promises  to  be  not  inferior  in  value  either  to  the  Telescope 
or  the  Microscope ;  for  it  may  be  truly  said  of  the  Spectroscope,  that  it  has 
not  merely  extended  the  range  of  our  Vision,  but  has  almost  given  us  a  new 
sense,  by  enabling  us  to  recognize  distinctive  properties  in  the  Chemical 
Elements  which  were  previously  quite  unknown.  And  who  shall  now  say 
that  we  know  all  that  is  to  be  known  as  to  any  form  of  Matter ;  or  that  the 
Science  of  the  fourth  quarter  of  this  century  may  not  furnish  us  with  as 
great  an  enlargement  of  our  knowledge  of  its  Properties,  and  of  our  power  of 
recognizing  them,  as  that  of  its  third  has  done  ? 

But,  it  may  be  said,  is  not  this  view  of  the  Material  Universe  open  to  the 
imputation  that  it  is  "  evolved  out  of  the  depths  of  our  own  consciousness" — a 
projection  of  our  own  Intellect  into  what  surrounds  us — un  ideal  rather  than 
a  real  "World  ?  If  all  we  know  of  Matter  be  an  "  Intellectual  Conception,"  how 
are  we  to  distinguish  this  from  such  as  we  form  in  our  Dreams  ? — for  theso, 
as  our  Laureate  no  less  happily  than  philosophically  expresses  it,  arc  u  true 
while  they  last."  Here  our  <k  Common  Sense"  comes  to  the  rescue.  ^ro 
"  awake,  and  behold  it>  was  a  dream."  Every  healthy  mind  is  conscious  of  the 
difference  between  its  waking  and  its  dreaming  experiences ;  or,  if  it  is  now 
and  then  puzzled  to  answer  the  question  "  Did  this  really  happen,  or  did  I 
dream  it?"  the  perplexity  arises  from  the  consciousness  that  it  niiyJtt  have 
happened.  And  every  healthy  mind,  finding  its  own  experiences  of  its  waking 
state  not  only  self -con  sis  tent,  but  consistent  with  the  experiences  of  others, 
accepts  them  as  the  basis  of  its  beliefs,  in  preference  to  even  the  most  vivid 
recollections  of  its  dreams. 

The  Lunatic  Pauper  who  regards  himself  as  a  King,  the  Asylum  in  which  ho 
is  confined  as  a  Palace  of  regal  splendour,  and  his  Keepers  as  obsequious  at- 
tendants, is  so  "  possessed  "  by  the  conception  framed  by  his  disordered  in- 
tellect, that  he  does  project  it  out  of  himself  into  his  surroundings  ;  his  refusal 
to  admit  the  corrective  teaching  of  Common  Sense  being  the  very  essence  of  his 
malady.  And  there  are  not  a  few  persons  abroad  in  the  world,  who  equally 
resist  the  teachings  of  Educated  Common  Sense,  whenever  they  run  counter  to 
their  own  preconceptions;  and  who  may  be  regarded  as— in  so  far — affected 
with  what  I  once  heard  Mr.  Carlylc  pithily  characterize  as  a  "diluted  In- 
sanity." 

It  has  been  asserted,  over  and  over  again,  of  late  years,  by  a  class  of  men 
who  claim  to  be  the  only  true  Interpreters  of  Nature,  that  we  know  nothing 
but  Matter  and  the  Laws  of  Matter,  and  that  Force  is  a  mere  fiction  of  the 
Imagination.  May  it  not  be  affirmed,  on  the  other  hand,  that  while  our 
notion  of  Matter  is  a  Conception  of  the  Intellect,  Force  is  that  of  which  we 
have  the  most  direct — perhaps  even  the  only  direct — cognizance?  As  I  have 
already  shown  you,  the  knowledge  of  ^Resistance  and  of  Weight  which  we  gain 
through  our  Tactile  Sense  is  derived  from  our  own  perception  of  exertion  •  and 
in  Yision,  as  in  Hearing,  it  is  the  Force  with  which  the  undulations  strike 
the  sensitive  surface,  that  affects  our  consciousness  with  Sights  or  Sounds. 
True  it  is  that  in  our  Visual  and  Auditory  Sensations,  we  do  not,  as  in  our 
Tactile,  directly  cognosce  the  Porce  which  produces  them ;  but  the  Physicist 
has  no  difficulty  in  making  sensible  to  us  indirectly  the  undulations  by  which 
Sound  is  propagated,  and  in  proving  to  our  Intellect  that  the  Force  concerned 
in  the  transmission  of  Light  is  really  enormous*. 

*  See  Sir  John  Heyschel's  Familiar  Lectures  on  Scientific  Subjects. 
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It  seems  strange  that  those  who  make  the  loudest  appeal  to  Experience  as 
the  basis  of  all  knowledge,  should  thus  disregard  the  most  constant,  the  most 
fundamental,  the  most  direct  of  all  experiences ;  as  to  which  the  Common 
Sense  of  Mankind  affords  a  guiding  light  much  clearer  than  any  that  can  be 
seen  through  the  dust  of  Philosophical  discussion.  For,  as  Sir  John  Herschel 
most  truly  remarked,  the  universal  Consciousness  of  mankind  is  as  much  in 
accord  in  regard  to  the  existence  of  a  real  and  intimate  connexion  between 
Cause  and  Effect,  as  it  is  in  regard  to  the  existence  of  an  External  World ;  and 
that  consciousness  arises  to  every  one  out  of  his  own  sense  of  personal  ex- 
ertion in  the  origination  of  changes  by  his  individual  agency. 

Now  while  fully  accepting  the  Logical  definition  of  Cause  as  the  "an- 
tecedent or  concurrence  of  antecedents  on  which  the  Effect  is  invariably  and 
unconditionally  consequent,"  we  can  always  single  out  one  dynamical 
antecedent — the  Power  which  does  the  work — from  the  aggregate  of 
material  conditions  under  which  that  Power  may  be  distributed  and 
applied.  No  doubt  the  term  Cause  is  very  loosely  employed  in  popular 
phraseology ;  often  (as  Mr.  Mill  has  shown)  to  designate  the  occurrence  that 
immediately  preceded  the  effect ; — as  when  it  is  said  that  tho  spark  which 
falls  into  a  barrel  of  gunpowder  is  the  cause  of  its  explosion,  or  that  the 
slipping  of  a  man's  foot  off  the  rung  of  a  ladder  is  the  cause  of  his  fall. 
]Jut  even  a  very  slightly  trained  Intelligence  can  distinguish  the  Power 
which  acts  in  each  case,  from  the  Conditions  under  which  it  acts.  The 
Force  which  produces  the  explosion  is  locked  up  (as  it  were)  in  the  powder ; 
and  ignition  merely  liberates  it,  by  bringing  about  new  Chemical  combina- 
tions. The  fall  of  the  man  from  the  ladder  is  duo  to  the  Gravity  which  was 
equally  pulling  him  down  while  ho  rested  on  it ;  and  the  loss  of  support, 
cither  by  tho  slipping  of  his  foot,  or  by  tho  breaking  of  tho  rung,  is  merely 
that  change  in  tho  material  conditions  which  gives  tho  Power  a  new  action. 

Many  of  you  have  doubtless  viewed  with  admiring  interest  that  truly  won- 
derful work  of  Human  Design,  tho  Walter  Printing  Machine.  You  first 
examine  it  at  rest ;  presently  comes  a  man  who  simply  pulls  a  handle  towards 
him  ;  and  the  whole  inert  mechanism  becomes  instinct  with  life, — tho  con- 
tinuous sheet  of  four  miles  of  blank  paper  which  rolls  off  the  cylinder  at  one 
end,  being  delivered  at  the  other,  without  any  intermediate  human  agency,  as 
separate  "  Times  "  Newspapers,  at  the  rate  of  1*5,000  an  hour.  Now  what  is 
the  Came  of  this  most  marvellous  effect?  Surely  it  lies  essentially  in  tho 
Power  or  Force  which  the  pulling  of  the  handle  brought  to  bear  on  tho  machine 
from  some  extraneous  source  of  Power, — which  we  in  this  instance  know  to 
bo  a  Steam-engine  on  the  other  side  of  the  wall.  This  Force  it  is,  which, 
distributed  through  the  various  parts  of  the  Mechanism,  really  performs  the 
action  of  which  each  is  the  instrument ;  they  only  supply  the  vehicle  for  it? 
transmission  and  application.  The  man  comes  again,  pushes  the  handle  in  the 
opposite  direction,  detaches  the  Machine  from  the  Steam-engine,  and  the 
whole  comes  to  a  stand ;  and  so  it  remains,  like  an  inanimate  corpse,  until 
recalled  to  activity  by  the  renewal  of  its  Moving  Power. 

But,  say  the  lleasoners  who  deny  that  Force  is  any  thing  else  than  a  fiction 
of  tho  imagination,  tho  revolving  shaft  of  the  Steam-engine  is  "  Matter  in 
Motion;"  and  when  tho  connexion  is  established  between  that  shaft  and  tho 
one  that  drives  tho  Machine,  the  Motion  is  communicated  from  the  former  to 
tho  latter,  and  thence  distributed  to  tho  several  parts  of  tho  Mechanism. 
This  account  of  the  operation  is  just  what  an  observer  might  give,  who  had 
looked-on  with  entire  ignorance  of  every  thing  but  what  his  eyes  could  see ; 
the  moment  he  puts  his  hand  upon  any  part  of  the  machinery,  and  tries  to 
1872.  / 
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stop  its  motion,  he  takes  as  direct  cognizance,  through  his  feeling  of  the  Effort 
required  to  resist  it,  of  the  force  which  produces  that  motion,  as  he  does 
through  his  eye  of  the  motion  itself. 

Now  since  it  is  universally  admitted  that  our  notion  of  the  External  World 
would  be  not  only  incomplete,  but  erroneous,  if  our  Visual  perceptions  were 
not  supplemented  by  our  Tactile,  so,  as  it  seems  to  me,  our  interpretation  of 
the  Phenomena  of  the  Universe  must  be  very  inadequate,  if  we  do  not 
mentally  co-ordinate  the  idea  of  Force  with  that  of  Motion,  and  recognize  it 
as  the  "efficient  cause"  of  those  phenomena, — the  "material  conditions" 
constituting  (to  use  the  old  Scholastic  term)  only  "  their  formal  cause." 
And  I  lay  the  greater  stress  on  this  point,  because  the  Mechanical  Phi- 
kfeophy  of  the  present  day  tends  more  and  more  to  express  itself  in  terms 
of  Motion  rather  than  in  terms  of  Force  ; — to  become  Kinetics  instead  of  Dy- 
namics. 

Thus  from  whatever  side  we  look  at  this  question, — whether  the  Common 
Sense  of  Mankind,  the  Logical  Analysis  of  the  relation  between  Cause  and 
Effect,  or  the  Study  of  the  working  of  our  own  Intellects  in  the  interpreta- 
tion of  Nature, — we  seem  led  to  the  same  conclusion  ;  that  the  notion  of  Force 
is  one  of  those  elementary  Forms  of  Thought  with  which  we  can  no  more 
dispense,  than  we  can  with  the  notion  of  Space  or  of  Succession.  And  I 
shall  now,  in  the  last  place,  endeavour  to  show  you  that  it  is  the  substi- 
tution of  the  Dynamical  for  the  mere  Phenomenal  idea,  which  gives  their 
highest  value  to  our  conceptions  of  that  Order  of  Nature,  which  is  wor- 
shipped as  itself  a  God  by  the  class  of  Interpreters  whoso  doctrine  I  call 
in  question. 

The  most  illustrative  as  well  as  the  most  illustrious  example  of  the  differ- 
ence between  the  mere  Generalization  of  Phenomena  and  the  Dynamical 
conception  that  applies  to  them,  is  furnished  by  the  contrast  between  the 
so-called  Laws  of  Planetary  Motion  discovered  by  the  persevering  ingenuity 
of  Kepler,  and  the  interpretation  of  that  Motion  given  us  by  the  profound  in- 
sight of  Newton.  Kepler's  three  Laws  were  nothing  more  than  comprehen- 
sive statements  of  certain  groups  of  Phenomena  determined  by  observation. 
ThGjfirst,  that  of  the  revolution  of  the  Planets  in  Elliptical  orbits,  was  based 
on  the  study  of  the  observed  places  of  Mars  alone  ;  it  might  or  might  not  be 
true  of  the  other  Planets  ;  for,  so  far  as  Kepler  knew,  there  was  no  reason 
why  the  orbits  of  some  of  them  might  not  be  the  excentric  circles  which  he  had 
first  supposed  that  of  Mars  to  be.  So  Kepler's  second  law  of  the  passage  of 
the  Iladius  Yector  over  equal  areas  in  equal  times,  so  long  as  it  was  simply 
a  generalization  of  facts  in  the  ease  of  that  one  Planet,  carried  with  it  no 
reason  for  its  applicability  to  other  cases,  except  that  which  it  might  derive 
from  his  erroneous  conception  of  a  whirling  force.  And  his  third  law  was 
in  like  manner  simply  an  expression  of  a  certain  Harmonic  relation  which 
ho  had  discovered  between  the  times  and  the  distances  of  the  Planets,  having 
no  more  rational  value  than  any  other  of  his  numerous  hypotheses. 

Now  the  Newtonian  "  Laws  "  are  often  spoken  of  as  if  they  were  merely 
higher  generalizations  in  which  Kepler's  are  included  ;  to  me  they  seem  to 
possess  an  altogether  different  character.  For  starting  with  the  Conception 
of  two  Forces,  one  of  them  tending  to  produce  continuous  uniform  motion  in 
a  straight  line,  the  other  tending  to  produce  a  uniformly  accelerated  motion 
towards  a  fixed  point,  Newton's  wonderful  mastery  of  Geometrical  reasoning 
enabled  him  to  show  that,  if  these  Dynamical  assumptions  be  granted, 
Kepler's  phenomenal  "  Laws,"  being  necessary  consequences  of  them,  must 
be  universally  true.  And  while  that  demonstration  would  have  been  alone 
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sufficient  to  give  him  an  imperishable  renown,  it  was  his  still  greater  glory 
to  divine  that  the  fall  of  the  Moon  towards  the  Earth — that  is,  the  deflection 
of  her  path  from  a  tangential  line  to  an  ellipse — is  a  phenomenon  of  the  same 
order  as  the  fall  of  a  stone  to  the  ground ;  and  thus  to  show  the  applicability 
to  the  entire  Universe,  of  those  simple  Dynamical  conceptions  which  consti- 
tute the  basis  of  the  Geometry  of  the  Principia. 

Thus,  then,  whilst  no  "  Law "  which  is  simply  a  generalization  of 
Phenomena  can  be  considered  as  having  any  coercive  action,  we  may  assign 
that  value  to  Laws  which  express  the  universal  conditions  of  the  action  of  a 
Force  whose  existence  wo  learn  from  the  testimony  of  our  own  consciousness. 
The  assurance  we  feel  that  the  Attraction  of  Gravitation  must  act  under  all 
circumstances  according  to  those  simple  Laws  which  arise  immediately  out  of 
our  Dynamical  conception  of  it,  is  of  a  very  different  order  from  that  which 
we  have  in  regard  (for  example)  to  the  Laws  of  Chemical  Attraction,  which 
are  as  yet  only  generalizations  of  phenomena.  And  yet  even  in  that  strong 
assurance,  we  are  required  by  our  examination  of  the  basis  on  which  it  rests, 
to  admit  a  reserve  of  the  possibility  of  something  different ;  a  reserve  which  we 
may  well  believe  that  Newton  himself  must  have  entertained. 

A  most  valuable  lesson  as  to  the  allowance  we  ought  always  to  make  for 
the  unknown  "possibilities  of  Nature/'  is  taught  us  by  an  exceptional  phe- 
nomenon so  familiar  that  it  docs  not  attract  the  notice  it  has  a  right  to 
claim.  Next  to  the  Law  of  the  Universal  Attraction  of  Masses  of  Matter, 
there  is  none  that  seems  to  have  a  wider  range  than  that  of  the  Expansion  of 
Bodies  by  Ifeat  and  their  Contraction  by  Cold.  Excluding  Water  and  one  or 
two  other  substances,  the  fact  of  such  expansion  might  be  said  to  be  invariable ; 
and,  as  regards  bodies  whose  Gaseous  condition  is  known,  the  Law  of  Ex- 
pansion can  be  stated  in  a  form  no  less  simple  and  definite  than  the  Law  of 
Gravitation.  Supposing  those  exceptions,  then,  to  be  unknown,  the  Law 
would  be  universal  in  its  range.  But  it  comes  to  bo  discovered  that  Water, 
whilst  conforming  to  it  in  its  expansion  from  89 1°  upwards  to  its  boiling- 
point,  as  also,  when  it  passes  into  Steam,  to  the  special  law  of  Expansion  of 
Vapours,  is  exceptional  in  expanding  also  from  39  £°  downwards  to  its  Freez- 
ing-point ;  and  of  this  failure  in  the  Universality  of  the  Law,  no  rationale  can 
be  given.  Still  more  strange  is  it,  that  by  dissolving  a  little  salt  in  water, 
we  should  remove  this  exceptional  peculiarity ;  for  s^a-watcr  continues  to  con- 
tract from  39i°  downwards  to  its  Freezing-point  12°  or  14°  lower,  just  as  it 
does  with  reduction  of  temperature  at  higher  ranges. 

Thus  from  our  study  of  the  mode  in  which  wo  arrive  at  those  conceptions 
of  the  Orderly  Sequence  observable  in  the  Phenomena  of  Nature  which  we 
call  "  Laws,"  wo  arc  led  to  the  conclusion  that  they  are  Human  conceptions, 
subject  to  Human  fallibility;  and  that  they  may  or  may  not  express  the 
Ideas  of  the  Groat  Author  of  Nature.  To  set  up  these  Laws  as  self-acting, 
and  as  either  excluding  or  rendering  unnecessary  the  Power  which  alone 
can  give  them  effect,  appears  to  me  as  arrogant  as  it  is  unphilosophical.  To 
speak  of  any  Law  as  "regulating"  or  " governing"  phenomena,  is  only  per- 
missible on' the  assumption  that  the  Law  is  the  expression  of  the  modus 
opcrandi  of  a  Governing  Power. — I  was  once  in  a  great  City  which  for  two 
days  was  in  the  hands  of  a  lawless  mob.  Magisterial  authority  was  sus- 
pended by  timidity  and  doubt ;  the  force  at  its  command  was  paralyzed  by 
want  of  resolute  direction.  The  "  Laws  "  were  on  the  Statute  book,  but  there 
was  no  Power  to  enforce  them.  And  so  the  Powers  of  evil  did  their  terrible 
work ;  and  fire  and  rapine  continued  to  destroy  life  and  property  without 
cheek,  until  new  Power  came  in,  when  the  lleign  of  Law  was  restored. 


Ixxxiv  REPORT — 1872. 

And  thus  wo  arc  led  to  tho  culminating  point  of  Man's  Intellectual  Inter- 
pretation of  Nature^ — his  recognition  of  tho  Unity  of  tho  Power,  of  which  her 
Phenomena  are  the  diversified  manifestations.  Towards  this  point  all  Scien- 
tific inquiry  now  tends.  The  Convertibility  of  the  Physical  Forces,  the  Cor- 
relation of  these  with  the  Vital,  and  tho  intimacy  of  that  nexus  between 
Mental  and  Bodily  activity,  which,  explain  it  as  wo  may,  cannot  be  denied, 
all  lead  upward  towards  one  and  the  same  conclusion ;  and  the  pyramid  of 
which  that  Philosophical  conclusion  is  tho  apex,  has  its  foundation  in  the 
Primitive  Instincts  of  Humanity. 

By  our  own  remote  Progenitors,  as  by  the  untutored  Savage  of  the  present 
day,  every  change  in  which  Human  agency  is  not  apparent  was  referred  to 
a  particular  Animating  Intelligence.  And  thus  they  attributed  not  only  tho 
movements  of  the  Heavenly  bodies,  but  all  the  phenomena  of  Nature,  each 
to  its  own  Deity.  These  Deities  were  invested  with  more  than  Human  power  ; 
but  they  were  also  supposed  capable  of  Human  passions,  and  subject  to 
Human  capriciousness.  As  the  Uniformities  of  Nature  came  to  be  more 
distinctly  recognized,  some  of  these  Deities  were  invested  with  a  domi- 
nant control,  while  others  were  supposed  to  be  their  subordinate  ministers. 
A  serene  Majesty  was  attributed  to  the  greater  (Jods  who  sit  above  the 
clouds ;  whilst  their  inferiors  might  "  come  down  to  Earth  in  the  likeness  of 
Men."  With  the  growth  of  the  Scientitic  Study  of  Nature,  the  conception 
of  its  Harmony  and  Unity  gained  ever-increasing  strength.  And  so  among 
tho  most  enlightened  of  tne  Greek  and  lioman  Philosophers,  we  find  a 
distinct  recognition  of  the  idea  of  tho  Unity  of  the  Directing  Mind  from 
which  the  Order  of  Nature  proceeds ;  for  they  obviously  believed  that,  as  our 
modern  Poet  has  expressed  it, — 

"All  are  but  parts  of  one  stupendous  whole, 
"Whose  body  Nature  is,  and  God  tho  Soul." 

The  Science  of  Modern  times,  however,  has  taken  a  more  special  direction. 
Fixing  its  attention  exclusively  on  the  Order  of  Nature,  it  has  separated  itsolf 
wholly  from  Theology,  whose  function  it  is  to  peek  after  its  Cause.  In  this, 
Science  is  fully  justified,  alike  by  the  entire  independence  of  its  objects,  and  by 
the  historical  fact  that  it  has  been  continually  hampered  and  impeded  in  its 
search  for  the  Truth  as  it  is  in  Nature,  by  the  restraints  which  Theologians 
have  attempted  to  impose  upon  its  inquiries.  But  when  Science,  passing 
beyond  its  own  limits,  assumes  to  take  the  place  of  Theology,  and  sets  up  its 
own  conception  of  the  Order  of  Nature  as  a  sufficient  account  of  its  Cause, 
it  is  invading  a  province  of  Thought  to  which  it  has  no  claim,  and  not  un- 
reasonably provokes  the  hostility  of  those  who  ought  to  be  its  best  friends.  • 

For  whilst  tho  deep-seated  instincts  of  Humanity,  and  the  profoundest  re- 
searches of  Philosophy,  alike  point  to  Mind  as  the  one  and  only  source  of 
Power,  it  is  tho  high  prerogative  of  Science  to  demonstrate  the  Unity  of  the 
Power  which  is  operating  through  the  limitless  extent  and  variety  of  tho 
Universe,  and  to  trace  its  Continuity  through  tho  vast  scries  of  Ages  that 
have  been  occupied  in  its  Evolution. 


EEPORTS 


ON 


THE    STATE    OF    SCIENCE. 


Report  on  the  Gaussian  Constants  for  the  year  1829,  or  a  Theory  of 
Terrestrial  Magnetism  founded  on  all  available  observations.  By 
II.  PETERSEN  and  A.  ERMAN. 

IT  was  in  1838  that  tlic  illustrious  C.  F,  Gauss  published  the  principles  of 
a  method  which  made  all  the  phenomena  of  terrestrial  magnetism  as  fully 
calculable  as  are  astronomical  phenomena  by  ^ew  tori's  theory  of  gravita- 
tion. This  beautiful  accession  to  natural  philosophy  may  be  summed  up  as 
follows :  — • 

For  every  point  of  space,  the  position  of  which  is  given  by  its  distance  r  from 
the  earth's  centre,  and  by  the  angles  u  and  \  denoting  respectively  its  angular 
distance  from  the  geographical  north  pole  and  its  longitude  east  from  Green- 
wich, there  exists  a  mathematical  expression  relating  to  the  terrestrial  magnetic 
qualities  of  this  point,  and  containing  only  r  and  trigonometrical  functions 
of  n  and  X,  together  with  numerical  values  that  arc  the  same  for  the  whole 
extent  of  space.  This  expression  is  called  the  magnetic  potential  of  the 
point ;  and  as  to  the  said  numerical  values,  we  give  them  here,  as  we  did  in 
the  lleport  on  our  computation  made  during  the  years  1840  to  1848,  the 
name  of  the  Gaussian  Constants.  This  must  be  understood  as  relating  to 
their  invariability  as  to  space,  but  by  no  means  to  independence  of  time. 

For  every  point  on  the  earth's  surface,  or  above  it,  up  to  infinite  distance, 
the  magnetic  potential  has  a  finite  value,  and  in  consequence  thereof  must  bo 
calculable  as  soon  as  the  Gaussian  constants  arc  known.  There  exists  no 
visible  or  measurable  phenomenon  which  for  every  given  point  agrees  with 
the  value  of  the  magnetic  potential ;  but  this  remarkable  quantity  is 
for  every  place  in  explicit  connexion  with  the  intensity  and  the  direction 
of  the  magnetic  force  which  is  exerted  there  by  the  causes  considered.  These 
two  measurable  phenomena  are  therefore  given  as  soon  as  the  potential  can 
bo  ascertained;  and  the  same  is  the  case  with  every  one  of  the  components 
which  we  are  wont  to  form  of  terrestrial  magnetism  for  the  sake  of  easier 
observations — as,  for  instance,  with  the  three  rectangular  components,  which 
in  their  turn  are  equivalent  to  the  horizontal  and  vertical  intensities  and  to 
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what  we  call  the  angles  of  declination  and  inclination.  Indeed  at  any  place 
a  component  in  any  direction  whatever  of  the  magnetic  force  is  merely  pro- 
portional to  the  increment  which  the  potential  there  takes  by  a  small 
displacement  in  the  same  direction.  But  now  the  determination  of 
that  potential  which  outside  a  sphere  results  from  any  magnetic  actions 
of  its  interior,  and  therefore,  according  to  the  last  remark,  the  foretelling  of 
all  magnetic  phenomena  produced  by  the  same  causes,  become  possible  and 
are  facilitated  by  the  following  circumstances.  In  every  case  of  the  descrip- 
tion just  mentioned  the  magnetic  potential  can  be  expanded  into  an  infinite 

but  converging  series,  proceeding  by  integer  powers  of  -,  the  exponent  of  the 

r 
first  one  being  +1.     Among  the  terms  of  this  series,  that  which  is  divided 

by  r  contains  3  of  the  Gaussian  constants, 
5 


In  the  formula  for  the  potential,  each  of  these  constants  is  multiplied  by  a 
theoretically  given  trigonometrical  function  of  u  and  X,  and  therefore,  for  any 
given  point,  by  the  numerical  equivalent  of  this  function.  The  algebraic 
developments  which  Gauss's  classical  work  contains  for  the  magnetic  potential, 
as  well  as  for  the  observable  magnetic  components,  relate  also  to  the  actions 
of  a  sphere  enclosing  a  finite  or  infinite  number  of  any  magnetic  centres 
whatsoever.  Therefore  these  expressions  can  represent  our  terrestrial  pheno- 
mena only  after  the  substitution,  for  every  symbol  denoting  a  Gaussian  con- 
stant, of  that  number  which  the  individual  magnetic  qualities  of  the  earth 
require,  according  to  observations.  But  then,  specially,  this  transformation  of 
the  abstract  theory  of  the  magnetic  actions  of  a  sphere  into  the  practical 
theory  of  terrestrial  magnetism  will  amount  to  the  determination,  from  a 
sufficient  number  of  observed  values,  of  15,  24,  35,  or  generally  ?i2  +  2n 
Gaussian  constants,  according  as  it  appears  that  the  third,  the  fourth,  the 
fifth,  or  generally  the  nth  term  in  the  algebraical  expressions  of  these  em- 
pirical data  is  the  first  that  is  surpassed  by  the  probable  amount  of  their 
inevitable  errors. 

A  first  attempt  tow^ds  the  completion  of  the  theory  of  terrestrial  magnetism 
was  made  by  its  illustrious  author  with  material  of  which  the  gaps  for  the 
greater  part  of  the  Antarctic  Ocean,  and  for  other  vast  regions,  could  only  bo 
filled  up  by  graphical  guesswork.  It  led  to  the  conclusion  that  a  restriction 
to  four  terms  of  the  potential,  and  therefore  the  determination  of  24  Gaussian 
constants,  did  more  than  respond  to  the  mean  exactitude  of  the  empirical  data* 
To  the  same  effect  was  the  computation  that  II.  Peterson  executed  from 
1846  to  1848,  when  commissioned  for  the  purpose  by  the  British  Association. 
Indeed,  it  being  exclusively  founded  on  610  results  of  careful  magnetic 
measurements  made  by  A.  Erin  an  on  a  line  round  the  earth  between 
67°  north  latitude  and  60°  south  latitude,  the  resulting  new  constants  re- 
presented these  observed  values  fully  twice  as  well  as  did  the  old  ones, 
and  thereby,  as  must  be  avowed,  up  to  the  amount  of  their  own  probable 
errors.  But  it  having  been  shown  by  later  experience  that,  just  as  was 
expected,  much  larger  disagreement  between  reality  and  both  the  theoretical 
deductions,  did  still  exist  in  those  parts  of  the  earth  where  the  one  or  the 


ON  THE  GAUSSIAN  CONSTANTS  FOR  THE  YEAR  1829.         3 

other  had  wanted  empirical  supplementing*;  arid  we,  in  consequence  thereof 
undertaking  the  recomputation  now  finished  with  all  available  observations, 
resolved  once  more  to  confine  ourselves  to  the  determination  of  the  same 
24  constants  solely.  Indeed  the  material  on  which  we  have  founded  this  new 
and  definitive  calculation  is  by  its  geographical  completeness  far  superior 
to  that  of  both  the  former  ones;  but  many  of  its  modern  accessions  do  not 
exceed,  nor  even  attain  the  exactitude  of  the  observations  mentioned  above. 

According  to  what  we  have  stated  in  the  beginning,  the  Gaussian  constants 
must  to  the  same  extent  be  either  dependent  on  or  independent  of  time  as  aro 
the  phenomena  of  terrestrial  magnetism.  Now  very  old  and  indubitable 
experience  has  proved  that  each  of  these  phenomena  undergoes  not  only 
the  various  short-period  changes,  from  which  the  observer  can  easily, 
and  is  always  supposed  to  free  them,  but  also  the  so-culled  secular 
variations  of  by  far  a  larger  amount.  The  Gaussian  constants  being  then 
likewise  variable  as  to  time,  it  appears  that  they  can  bo  determined  each 
time  but  for  one  given  epoch,  and  then  out  of  observations  whi-ih  either  have 
been  all  made  at  this  epoch,  or  reduced  to  what  they  would  have  given  if 
made  at  the  same. 

The  aim  of  our  present  calculations  was  to  determine  with  all  attainable 
exactitude  the  Gaussian  constants  for  the  year  18:21),  in  order  that  the  results 
of  the  newly  founded  theory  might  be  directly  comparable  as  well  with  those 
of  their  first  evaluation,  relating  nearly  to  the  same  epoch,  as  with  the  most 
careful  measurements  made  by  Ilansteen  and  Erman  between  1828  and 
iSIiO.  Hut,  as  for  carrying  this  out  we  had  to  make  an  equal  use  of  all  ob- 
servations to  be  relied  upon,  and  originating  whether  in  the  seleeted  epoch 
or  at  any  interval  whatsoever  before  or  after  this  time,  our  work  was 
divided  into  two  independent  parts  : — 

1.  Formula)  were  to  be  constructed  and  employed  for  reducing  caeh  of  the 

magnetic  results  which,  at  widely  differing  times,  had  been  ob- 
tained by  observations  all  over  the  earth's  surface,  to  what  they 
would  have  been  in  1 8:29  ;  and 

2.  Out  of  these  reduced  values,  twenty-four  numbers  were  to  be  com- 

puted which,  when  taken  lor  our  twenty-four  Gaussian  constants, 
responded  as  nearly  as  possible  to  all  empirical  data  observed  in, 
or  reduced  to,  the  epoch  1 82J). 

I.  Reduction  of  Observed  rallies  to  the  Year  1829. 

"Without  the  existence  of  the  Gaussian  theory,  the  only  means  to  execute 
such  reductions  would  have  been,  for  every  kind  of  magnetic  phenomena 
at  any  place,  to  guess  what  changes  they  had  undergone,  according  to 
the  changes  which  had  been  observed  for  the  same  phenomena  at  certain 
other  places.  Such  rude  attempts  have  indeed  been  made  for  the  purpose  of 
ascertaining  the  changes  of  declination  at  places  where  they  had  never  been 
observed.  They  could  perhaps  have  been  extended,  though  with  much  less 
foundation  on  experience,  to  inclination -changes  ;  whereas  for  the  secular 
variations  of  intensity  not  even  this  appearance  of  a  means  existed,  owing 
to  an  almost  total  want  of  data.  But  the  problem  of  our  reductions  has  now 

*  As,  for  instance,  according  to  the  comparison  made  br  A.  Erman,  between  the  results 
of  both  systems  of  constants  and  the  magnetic  observation*  at  some  places  in  India,  by 
Mr.  K.  Koppo,  who  was  commissioned  to  do  so  in  the  Total-Eclipse  Expedition  of 
as  published  iu  the  '  Astronomische  Nochnchten/  vol.  hxv.  p.  242  et  scq. 
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been  stated  in  proper  form  and  has  been  greatly  simplified,  since  theory  has 
shown  that,  and  how,  all  kinds  of  magnetic  secular  changes,  for  any  arbitrary 
time  and  place,  depend  on  one  common  cause,  viz.  on  the  synchronous  changes 
of  the  Gaussian  constants.  Indeed  these  quantities  only  can  give  to  the  alge- 
braic expressions  of  magnetic  elements  different  numerical  values  at  various 
epochs,  because  the  quantities  ?*,  «,  and  \  are  by  their  nature  once  and  for 
ever  invariable ;  and  then,  as  only  the  first  power  of  every  Gaussian  constant, 
and  no  products  of  them,  occurs  in  the  potential,  the  following  general  rule  can 
evidently  be  laid  down : — The  amount  of  change  for  any  element  of  terrestrial 
magnetism  (as,  for  instance,  for  the  declination,  the  inclination,  one  of  the 
three  rectangular  components,  and  so  forth)  during  a  given  period  must  be 
calculated  by  that  same  formula  which  expresses  its  absolute  value,  if  only 
instead  of  each  Gaussian  constant  there  is  placed  the  increment  which  its 
value  has  received  during  the  same  period.  This  plain  corollary  of  the  magnetic 
theory  has  been  of  twofold  use  for  the  reductions  we  had  to  make,  and  will 
serve  in  the  same  way  for  all  future  ones.  Indeed  its  inverse  application 
gives,  from  observed  changes  of  magnetic  phenomena,  the  synchronous 
changes  of  the  Gaussian  constants;  and  by  substituting  these  latter  results  in 
the  direct  formula),  the  changes  of  every  phenomenon  may  be  computed  for 
places  where  they  have  never  been  observed.  The  first  part  of  this  pro- 
ceeding is  immensely  preferable  to  empirical  guessings ;  for  it  makes  an  almost 
equal  use  of  the  variations  in  any  kind  of  magnetic  phenomena,  and  thereby 
leads  to  the  knowledge  of  these  variations  in  those  kinds  for  which  experience 
is  wanting.  The  secular  changes  of  intensity  may  therefore  be  ascertained 
for  periods  in  which  we  know  only  changes  of  inclination  and  declination, 
or  even  for  those  in  which  the  latter  only  have  been  observed.  Moreover  it 
is  only  by  these  means  thcit  the  consequences  of  experience  on  secular  changes 
in  certain  parts  of  the  earth  can  very  confidently  be  extended  to  the  re- 
motest parts. 

Nevertheless,  before  we  could  make  the  application  of  this  memorable 
method,  a  decision  was  wanted  concerning  two  points,  according  to  the  result 
of  which  our  proposed  reductions  might  prove  to  be  either  easy  or  difficult,  or 
even  wholly  impracticable ;  to  wit : — 

1.  What  kind  of  connexion    exists  between  the    lapse  of  time   and 

the  variations  which  are  undergone  by  magnetic  phenomena  and 
consequently  by  the  Gaussian  constants  ?   and 

2.  In  how  many  and  in  which  of  the  Gaussian  constants  will  the  varia- 

tions  be   of  most  influence,  and  in  which  others  may  they  be 
neglected  for  practical  approximation  ? 

As  to  the  first  question,  it  has  been  proved  by  the  changes  of  the  three 
magnetic  components  at  Berlin,  observed  fully  during  the  last  forty-five 
years  by  Erman,  and  partially  at  intervals  during  almost  a  hundred  years 
by  others,  and  besides  by  a  great  number  of  partial  series  of  observations 
at  other  places,  that  during  the  last  century  the  variations  of  magnetic 
phenomena,  and  consequently  those  of  the  Gaussian  constants,  have  never 
happened  by  a  leap,  but  have  always  progressed  according  to  the  law  of 
continuity,  and  especially  so  that  their  amount  has  been  merely  proportional 
to  the  lapse  of  time  and  to  its  square.  If,  therefore,  the  increment  of  one  of 
these  constants  from  a  year  denoted  by  T'  to  another  denoted  by  T  has  been 

ascertained,  the  /— _jth  of  this  quantity  will.be  equal  to   the   annual 
increase  of  the  same  constant  for  the  year  denoted  by   T+T't    More- 
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over  it  follows  that,  by  the  knowledge  of  such  annual  increase  at  two 
moments  separated  from  one  another  by  a  sufficiently  long  space  of  time, 
we  can  calculate  not  only  its  value  for  any  moment,  but  also  that  of  the 
corresponding  total  increase  during  any  period.  Therefore  the  materials  we 
possessed  (as  is  to  be  shown  hereafter)  for  computing  the  annual  increments 
of  the  constants  for  the  year  1811  and  for  the  year  1843-5,  must  suffice  for 
our  reductions ;  but  before  employing  them  we  had  to  consider  the  second  of 
the  above-mentioned  questions.  An  indubitable  answer  to  it  was,  of  course, 
that  we  had  to  take  into  account  and  to  determine  the  variation  with  time 
for  all  those  twenty-four  constants  the  values  of  which  were  to  bo  deter- 
mined afterwards  by  the  reduced  observations.  The  solution  of  the  problem 
up  to  this  highest  degree  of  exactitude  will  at  some  future  time  be  a  beautiful 
result  of  our  present  work,  combined  with  a  similar  one  for  a  later  date  ;  but 
had  we  undertaken  it  now,  the  preparatory  task  would  not  only  have  become 
more  extensive  than  the  essential  one,  but  would  even  have  been  impeded 
by  a  most  sensible  want  of  means.  We  had  therefore  to  content  ourselves  with 
making  our  reductions  for  secular  changes  an  approximation  to  reality,  in 
the  same  way  as  astronomers  do  when,  in  computing  secular  planetary 
perturbations,  they  disregard  the  terms  of  less  influence.  So  iu  this  particular 
case  it  was  resolved  to  take  into  consideration  only  the  changes  of  the  first 
two  terms  of  the  potential — that  is  to  say,  to  ascertain  for  two  epochs  the, 
annual  increments  of  the  first  eight  of  the  Gaussian  constants. 

A.  On  tlie  Equations  for  annual  Increments  of  Constants  during  (he  year  1811. 

In  order  to  ascertain  the  amount  of  the  annual  changes  of  the  Gaussian 
constants  marked  by 

ft",  /',  A1'1,  /".  <f\  A*1,  3™,  and  h™ 
for  our  first  epoch  of  1811,  we  have  founded  the  computation  on  : — 

1.  The  increments  of  declination  which  appear  as  having  happened 

from  the  year  1784  to  the  year  1840,  from  a  comparison  of  the 
maps  of  isogonic  lines  constructed  for  the  said  years  by  C.  Hansteen 
and  E.  Sabino  ;  and 

2.  The  increments  which  inclination  has  undergone  from  1780  to  1840 

and  which  appear  as  differences  between  the  isoclinal  maps  of  the 
same  authors. 

The  increments  of  those  two  phenomena  were  taken  by  comparing  the  said 
maps  for  forty-two  points  of  intersection  between  the  meridians  of 

\=0°,  00°,  120°,  180°,  240°,  and  300° 
and  the  parallels  of 

t«=30°,  50°,  70°,  90°,  110C,  13u*    and  150°; 

and  then,  if  ft  and  t  respectively  designate  the  fifty-six  years'  increment  of 
declination  and  the  sixty  years'  increment  of  inclination,  aud 

«!,  aa,  a3,  a4,  a5,  a0,  a7  and  <xd 
respectively  the  sought-for  annual  increments  of  the  Gaussian  constants 
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there  were  formed  forty-two  conditional  or  primary  equations  to  schedule 
(1),  and  then  just  as  many  to  schedule  (2). 

With  cj  for  the  horizontal  intensity,  d  for  the  declination, 
- ,  there  had  to  bo  calculated  for  the  a  measured 


(2) 


and  K'=- 


5G 


•         1  O' 

.  sin  1 
by  degrees  of  arc  :  — 

rt  =  —  sinu  .  sine?, 

6=  +  cos  u  .  cos  X  .  sin  cZ-f  sin  X  .  cos  d, 

c—  +  cos  u  .  sin  X  .  sin  c?~  cos  X  .  cos  c7, 


e=  +  cos  2u  .  cos  X  .  sin  t?-f-  cos  u  .  sin  X  .  cos  d, 
f=  +  cos  2  a  .  sin  X  .  sin  d  —  cos  u  .  cos  X  ,  cos  d, 
g~  +sin  2u  .  cos  2\  .  sin  d+2  .  sin  u  .  sin  2X  .  cos  d, 
7^=  -f  sin  2w  .  sin  2X  .  sin  d  —  2  .  sin  u  .  cos  2X  .  cos  d, 

and  then  formed  as  primary  equations,  to  which  the  sought- 
for  ax  ....  ad  had  to  answer  a.s  nearly  as  possible, 


The  i  or  sixty  years'  inclination-increments  being  measured 
by  degrees  of  arc,  with  i  for  the  indiiuitiony  KI  =  —  '.-^v  there 

W  .  Sill  i. 

had  to  be  evaluated  :  — 

a  =  —  sin  u  .  sin  i  .  cos  i  .  cos  c?+  2  cos  u  .  cos1*  /, 

&=(cos  it  .  cos  f?  .  cos  X  —  sin  .  d  .  sin  X)  .  sin  i  .  cos  i 
+  2  .  sin  u  .  cos  X  .  cos2  it 

c=(cos  u  .  cos  d  .  sin  X-fsin  d  .  cos  X)  sin  i  .  cos  £ 
4-2  .  sin  u  .  sin  X  .  cos2  «', 

r£=  —sin  .  2a  .  cos  d  .  sin  /'  .  cos  I  +  (3  .  cos'2  u—  1)  .  cosa  /, 

£=(cos  2u  .  cos  X  .  cos  d  —  cos  u  .  sinX  .  sin  (/)  sin  i  .  cos  i 
+  1-  .  sin  2w  .  cos  X  .  cos2  /, 

/=(cos  2z*  .  sin  X  .  cos  rf+  cos  ?fc  .  cos  X  ,  sin  X)  .  sin  i  ,  cos  i 
+  1  .  sin  2«  .  sin  X  .  cos2  ?", 

r/=(sin2^  .  cos2\  .  coscZ—  2sinu  .  sin2X  .  sine?)  .  sin?'  .  cos  i 
+  3  .  sin2  u  .  cos  2X  .  cos2  ?, 

7i=(sin2u  .  sin2X  .  coscZ-f-  2  sin  u  .  cos2X  .  sinr7)  .  sin  i  .  cosi 
+  3  .  sin2  u  .  siri  2X  .  cos8  «, 

and  then  to  bo  formed  as  primary  equations,  to  which  the 
ax  .  .  .  .ab  had  to  answer  as  nearly  as  possible, 


The  forty-two  numerical  values  ofV  and,  t  which  we  have  used  in  the 
primary  equations  to  the  preceding  schedules  (1)  and  (2)  are  shown  in  tho 


ON  THE  GAUSSIAN  CONSTANTS  FOR  THE  YEAR  1829,  7 

following  Tables.  They  form  the  first  horizontal  line  for  every  value  of  u, 
and  are  marked  Ma.  when  directly  made  out  by  the  aforesaid  maps.  Wo 
subjoin  to  them,  in  the  second  line  for  every  u,  and  marked  by  Ca.,  the 
corresponding  calculated  values,  which,  according  to  the  solution  of  our  final 
equations,  as  has  to  be  shown  hereafter,  are  at  once  conformable  to  theory 
and  the  closest  to  the  results  obtained  from  the  maps. 

Values  of  a  or  increments  of  Declination  from  1784  to  1840. 


x= 

0°. 

60°, 

120°. 

1  80°. 

240°. 

300°. 

u 

**•*•*•*   f  Mil        ... 

0 

o 

o 

o 
+    •»•/» 

O 

8. 

o 

3°°  tea  
.  f  Ma  

~4'II 

4-0-2 

5  4 
-8-83 

—  •  "J'O 

1  3 

-2-37 

4-I'T 

22 

4-  i  'oo 

4-      T'ft 

7 

+  7'5 

J         A"  f 

5°   tea.  
.  fMa  

—  0'02 
4-1-7 

5  y 
-470 

—  V8 

•f  i  7 
-0-75 

4-o*c 

4-  0-27 

+    fn 

2  7 
4-  0-60 

4-45 

+   t  *t 

7°    tea  
0  fMa  

-pi  3 

-0-74 

4-  A'  A 

-4-31 

A"  C 

t-u  5 

+    2-I7 

+       T  '-» 

3  2 
4-  0-19 

2  2 
+    /»._ 

»••{£•:::::: 
•3°°  {£-.::::• 

n^4  4 
+  3'49 

4-6-3 

+9'4 
+  3*49 

4-8-6 
4-6-13 

4  5 
-2-08 

-0-4 
4-i-oS 

-2-4 

+  6-9 
+  6'oo 

o  9 

4-0-38 

4-0-2 
4-0-51 

-4*3 
4-2-26 

-5-0 

+4'37 

I  2 

-f  0-8 
—   2*52 

-  0-7 

—    2'02 

-    3'9 
—  IO'O4 

—  3-0 
-   1-92 

-  4-0 
-  2-41 

-  7-1 
~  2-80 

~  4'24 

o  9 
+  3'01 

-f  3-21 

+  3'5 
4-  1-22 

+    2-1 

+  2-93 

Values  of  i  or  increments 

X  = 

0°. 

60°. 

JLfMa  

—     2"O 

o 
4-0-9 

I"*-'1*  

-    2-49 

-003 

50°  {  *fa  

-  2-8 

4-o-8 

-  5'37 

4-0-41 

„  0  fMa  
7°    1  U  

—  10-8 

+2-7 
—  i  -oo 

9oU{ea!':::::: 

—  13-6 
—  4-18 

4-0-2 

-4-85 

»«•{£•:::::: 

-13-0 

-2-8 

-3-76 

•^{S-:::::: 

-  4-6 
-  6-28 

o-o 

-3-86 

irno/Ma  
15°    1/1 
L  ^u  

-i-    2-0 

+o'5 

-0-39 

120°. 

180°. 

240°. 

300°. 

9 

°3 

0 

+  3'5 
4-2-15 

0 

+  i'4 
+  1-88 

o 
+  2-1 

4-1-71 

-0-6 
-1-74 

8 
4i 

-t-2'O 
4-2'36 

4-2-4 
4-1-38 

+  3'3 
4-4-04 

H-i'6 

4-0-89 

7 
oo 

4-i-9 
4-2-27 

4-4-6 
-hroo 

4-8-6 
4-4'i8 

+0-6 
+  3*04 

'2 

35 

O'O 

4-1-37 

+4'i 
-0-15 

+7*5 
+  6-43 

+  3'o 
4-3-61 

8 
•76 

~3'7 
-2-43 

-0-5 
—  0-24 

+»-5 
+  7'8* 

+  3'* 
+973 

•o 
•86 

-3'5 
-4-3i 

-0-9 
4-2-96 

+4'9 
+0-80 

4-6-9 
+  1-51 

*5 
'39 

-1-98 

-4-0 
—  0-40 

+  6-0 
+  3  '07 

. 

4-7-1 
44-41 
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The  coefficients  a,  ft ....  7i  of  the  primary  equations  have  been  calculated 
with  d  and  i  as  nearly  given  for  1811  by  a  mean  between  the  indications  of 
both  isogonic  and  of  both  isoclinal  maps,  and  with  w  as  sufficiently  known 
since  1829, 


B,  On  the  Equations  for  annual  Increments  of  Constants  during  the 

year  1843*5. 

"We  have  already  mentioned  that  our  second  determination  of  a  set  of 
annual  increments  ax,  a2.  .  .  .a?  of  the  first  eight  Gaussian  constants  was 
intended  to  give  these  quantities  for  the  date  1843*5.  This  date  follows 
indeed  from  being  the  middle  of  the  period  1829-58,  during  which 
had  happened  those  changes  of  phenomena  on  which  we  first  founded  our 
conditional  or  primary  equations.  These  were  the  values  of  a-  or  increments 
of  decimation  that  we  obtained  by  a  comparison  between  the  normal  or 
theoretically  interpolated  declinations  for  1829,  as  given  in  the  'Magnctischo 
Atlas'  by  Gauss  and  "Weber,  and  the  corresponding  ones  for  1858,  as  re- 
presented by  the  isogonic  lines  in  Bcrghaus's  Chart  of  the  World. 

These  increments  result  as  follows  for  thirty-six  of  the  before-mentioned 
points : — 


Values  of  a  or  increments  of  Declination  from  1829-58. 


A  — 

0°. 

60°. 

120°. 

180°. 

240°. 

300°. 

U 
70°  . 

o 

o 

—  A.'  I 

o 

4-rs 

-?-6 

0 

o 

4-1-7 

50°  
70°  ... 

-57 

T  * 

+0-5 
4-rs 

—  j  j 

+  i-5 

4-o'z 

-1-8 

6 

-f-o'3 

4-2*1 

t-i  7 
+  5'o 
4-o'6 

QO° 

1 

4~o*i 

Tl  3 

4-o'i 

w  3 

4-2'0 

-4-2.'A 

110°   
no°   

4-4'4 
4-ro 

-37 
—  IX 

+  i'3 

O'O 

-07 

—  2'7 

T*  4 
—  0*1 

-f  2'8 

—  0'2 
•-—  O'A 

u  4. 

As  no  sufficient  data  exist  for  a  similar  collection  of  the  changes  which 
inclination  has  undergone  during  the  same  period,  we  have  completed  our 
material  by  the  following  results  of  researches  on  secular  variation  of 
magnetic  elements.  If  £  generally  denotes  the  annual  increment  of  any 
element  for  the  date  1843*5,  and/  the  total  magnetic  intensity,  there  were 
put  X=/.  cose .  cose/,  Y=/.  cost .  sin  J,  Z=/.sini,  as  well  as  p  for  the 
so-called  weight  or  measure  of  probability  ;  and  then  the  following  numbers 
were  ascertained,  in  order  to  be  afterwards  combined  into  conditional  equa- 
tions with  the  sought-for  a19  &2 . ,  . .  aa,  or  annual  increments  of  constants. 
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Annual  Increments  of  Magnetic  Elements  for  the  date  1843*5 — the  variations 
of  X,  Y,  and  Z  beiny  measured  ly  units  of  intensity)  the  variations  of  d 
and  of  i  by  minutes  of  arc. 


Number 
of 
station. 

11. 

X. 

$X. 

£Y. 

dZ. 

P- 

Tho  results 
originating  :  — 

0         I 

o       / 

i. 

37  28-08 

13  23-20 

+0-570 

—0-672 

—  2'yiO 

4 

At  Berlin. 

2. 

48  45 

352  30-0 

4-2*996 

—  0-469 

+  I-087 

3 

Out  of  Erman's  ob- 

servations in  Spain 

and     France    for 

1.S53-7,  and  on  the 

Atlantic  for  1830. 

3- 

123  56-05 

18  28-50 

-1-184 

4-0-039 

-1-277 

3 

At  Cape  Town.   En- 

glish observatory. 

4- 

46  20-4 

280  38-5 

—0-265 

-0-243 

+  0-165 

3    At  Toronto.    Ibid. 

5- 

76  56 

80  17 

4-0-856  l    —0-310 

4-0-856    3    At  Madras.    Ibid. 

6. 

132  5^5 

147  27-5 

—  0*090      —  0*261 

—  0-014  ;  3    Atllobarton.    Ibid. 

7- 

24  46-47 

64  39'5o 

—  o'ii6       —  o'68i 

4-1*436 

3    At  Obdorsk  and  Be- 

resowsk.  Observa- 

tions for  1828  and 

for  1849. 

8. 

133  21-4 

225  30-7 

+  1*002 

-3*149 

—  6-604 

i 

On  the  Pacific.   Out 

of  observations  in 

1830    by   Erman, 

and    in    1843   on 

English  ships. 

9- 

132     6-8 

308  18-9 

+  8*069 

+0-693 

-5-796    i 

Ibidem. 

10. 

141  32-1 

254  31-0 

+  3*105 

—  6-630 

-5*994    i 

Ibidem. 

Ji. 

H3  55'° 

302  10-7 

+  7*415 

—  0-065 

—  5-763    i    Ibidem. 

12. 

147  1-6 

283  56-3 

+  4'I4° 
M 

-7-212 
$i 

—  6*649  I  * 

Ibidem. 

*3- 

I05  55'43 

354  16-01 

(  +  *''347) 

(-V-H8) 



2 

At  St.  Helena.    En- 

glish observatory. 

Intensity-changes 

not  observed. 

The  quantity  p  being  supposed  to  express  the  number  of  direct  obser- 
vations which,  might  have  given  a  result  of  equal  accuracy  to  that  in 
question,  it  ought  to  be  inversely  proportional  to  the  square  of  the  probable 
error  of  this  result,  which  latter,  in  its  turn,  is  unknown.  Therefore  our 
suppositions  on  these  values  of  p  could  pretend  to  no  more  than  an  approxi- 
mation to  reality,  and  were  then  founded  partly  on  regard  to  the  exactitude 
and  completeness  of  the  absolute  measurements  at  different  places,  partly  as 
follows  from  some  regard  to  the  dates  of  these  performances.  Out  of  the 
preceding  values  of  annual  increments,  only  those  under  1  and  3  have 
been  derived  immediately  and  exclusively  from  observations  at  the  places 
named  in  the  same  lines ;  and  then,  especially  if  the  date  is  generally 
marked  by  1800 -f-/,  the  numerical  absolute  values  of  magnetic  elements  are 
expressed  for  Berlin,  or  with  u  and  X  as  under  1,  according  to  Erman's  ob- 
servations, by 

d=!8     7-55— 6-07003G2  .  (*-l-914)a, 
?  =  6G  37-20  -f  0-02125.  (*~10:2'2)2, 
u>=502-04 4-0-0068043 .  (*~16-108)2; 
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and  for  Cape  Town,  or  the  position  as  under  3,  according  to  what  we  have 
derived  from  all  local  English  observatory  journals,  by 

d=     29  33-85-6-11273  (z-58-04)2, 
t=-58  51-07  +-0-02242  (Z-165-58)2, 
(f-61-806)3. 


Now  by  developing  out  of  each  of  these  expressions,  with  £=43*5,  their 
absolute  values  as  well  as  the  annual  increments  cd,  ei,  and  £w  of  the  same, 
and  then  introducing  these  quantities  into  the  easily  proved  expressions, 

3X  =  COS  d  .  cJw  —  (0  .  sill  1'  .  SHI  d  .  $d, 

^Y=sincZ  .  3w-fw  .  sin  1'  .  cos  d,  .  Sc£, 
£Z=tan  i  .  ho  -f  a)  .  sin  1'  .  sec2  i  .  £/, 

these  increments  of  rectangular  components  for  1843*5  are  obtained  as  above 
under  1  and  3. 

But  for  all  the  other  above-named  places,  the  existing  observations,  when 
treated  as  the  last  mentioned,  did  not  give  complete  expressions  for  d,  7,  and  M, 
but  only  their  expressions  for  limited  periods.  The  annual  increments  of  the 
components  X,  Y,  Z,  which  were  determined  from  such  observations,  in 
general  did  not  exactly  pertain  to  1843-5,  but  to  a  value  of  t  somewhat 
different  from  43-5.  Now,  as  our  computation  for  the  first  epoch,  or  1811, 
had  already  furnished  the  increments  of  the  constants  alt  aa.  .  .  .a.,  for  the 
same,  we  have,  first,  calculated  (by  the  help  of  the  following  formula  (3), 
(4),  and  (5))  the  annual  increments  of  X,  Y,  Z  at  the  same  places  for  1811, 
and  then,  having  denoted  the  value  of  any  one  of  these  increments  for 

1843-5  by  3, 
1811  by  8n, 
1800  +  *  by  8,, 

wo  have  determined  the  results,  as  given  above  under  number  2  and 
numbers  4  to  13,  by  the  relation 


There  were,  in  particular,  to  be  used  for  the  increments  under  numbers 

2,  $  =  41-4, 
4,  *  =  35, 
5  and  0,  2=48-5, 
7,  f=38-5, 

12,  £=36, 

13,  *=45; 

whereby  it  appears  that  the  empirical  elements  of  our  equations  were  in- 
fluenced, to  an  always  slight  but  not  wholly  equal  extent,  by  a  former  calcula- 
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tiou.     The  values  attributed  to  p  had  therefore  to  be  assumed  with  at  least 
an  additional  regard  to  this  circumstance. 

Now,  as  for  the  conditional  equations  themselves,  between  ais  aa . .  . .  «8  for 
1843'5,  and  the  empiric  data  hitherto  recorded  for  the  same  year  or  for  the 
period  1829-58,  it  appears,  first,  that  these  equations  for  the  "  a  or  increments 
of  declination  from  1829-58"  had  once  more  to  be  formed  according  to 
schedule  (1)  (of  A,  or  "equations  for  1811").  In  this  schedule  we  had  again 


to  make  ?i=  ~,  but  this   time   with   *=- 

K  u>  .  sin  1° 

As  for  the  two  values  cd  and  cl  that  are  recorded  under  number  13,  we  have 

employed  for  3d  the  said  schedule  (1),  and  in  it  have  taken  n=  ~  with 

«c 

K-=  --  ;~~i/,  an(l  f°r  ^  the  schedule  (2)  (of  A,  or  "  equations  for  1811  "), 
it)  ,  sin  JL 

after  substitution  of  n=  —  with  K=  -  .  —  _,-,  ;  and  then,  finally,  all  the 
K  w  .  sin  1  J 

recorded  values  of  2X,  £Y,  and  c)Z  were  set  in  equations,  according  to  the 
following  schedules  (3),  (4),  and  (5),  which  we  had  derived  for  the  purpose. 


it,  .7=  —  sin2tt  .  cos2\, 

£>=  —  cos  u  .  cos  X,      e=  —  cos2^.cos\,      7t=  —  sin2*t  .  sin2X, 
(3)    ..^  .  . 

^  '         >   c=  —  cos  u  .  sin  X,      /=  —  cos  2u  .  sm  X, 

there  is 


0,  #=  +  2sinw.  sin2X, 

£=  +  cos  M.  sin  X,     7t=  —  2  siii?t  .  cos2X, 
^  ^     *         c=  —  cosX,       =  —  cos  i*.  cosX, 


and  then 

f  with 

'   rt==  +  i>cosw,  c?=  +  (3.cos2M—  1),  */=+3smaw.cos2X, 

6=  +2  sin  ^  .  cos  X,  (?=  +  $•  sin  2«e  .  cos  X,  7iss=  +  3  .  sin2  u  .  sin2X, 

c=  +  2  sin  it  sin  X,  /==  -f  f  .  sin  2u  .  sin  X, 
there  is  again 


C.  Evaluation  of  the  annual  Increments  a1?  aa  ----  ad  o//7i6  Gaussian  constants 

01'0,  i71'1,  ^1>l,  f/a<0,  ;/2<1,  7ta'1,  /2?  and  /i2'2  f°r  boih  ejPochs>  and   KC- 
\1uctioH8  madefy  the  help  of  these  increments,  of  mac/net  ic  Observations 
from  different  dates  to  1829. 
The  heretofore  described  means  had  now  supplied  us  for  1811  with  eighty- 
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four,  and  for  1843-5  with  seventy-four  numerically  different  equations  of 
the  form 


which  directly  to  satisfy  was  of  course  in  both  cases  impossible.  But  in 
order  to  determine  those  two  sets  of  the  eight  unknown  a1?  a2.  .  .  .  art,  which 
according  to  the  rules  of  probability  had  to  be  assumed  for  the  first  and  for  the 
second  of  the  said  years,  it  was  necessary  to  supply  the  just  mentioned 
theoretical  form  of  the  conditional  equations  by  the  practically  possible 
assumption  of 

v=(—  n+a  .  a^  +  6  .  a2+c  .  «3  +  d  .  ct^  +  e  .  «,+/•  a0+g  .  «7  +  7t  .  ad)  .  V^>, 

p  and  v  in  this  expression  being  meant  to  stand  for  the  so-called  weiyht  of 
every  value  of  n,  and  for  the  error  to  be  supposed  in  it. 

If,  then,  [  ]  indicate  generally  a  sum  of  algebraically  similar  terms,  and 
if  the  assumed  values  of  the  error  v  be  regarded  as  functions  of  the  un- 
known, we  shall  obtain  the  most  probable  values  of  a1?  a2.  .  .  .ad  by  the 
solution  of  the  following  eight  final  equations  under  (6),  which  in  their  turn 
are  but  evident  consequences  of  the  general  principle  under  (Q) 


(Q)  .  .  .  .......     [v2]r=  minimum. 


T 


^ 


rl     "1 

v  •  ^-J  =0=  —  [  cnp]  +  [  ccf/iX  +  [  c^)>3  +  [  f  <2>  K  +  [^'  >, 

[v  '  fl  =»=- 

F"  '  S  ==0=~ 


«5  +  C  <#>> 


f"v  .  ^l=o  =— 


"We  have  here  retained  the  general  form  of  this  prescription  for  calculating 
4,  aa.  .  .  ,a8,  though  when,  employed  for  the  year  1811  it  became  simplified 
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l>y  the  occurrence  of  ^=1  in  every  one  of  the  eighty-  four  termed  sums  [  1  • 
whereas  in  the  computations  for  1843-5  we  had  to  substitute  in  the  sums 
[  ],  now  unity,  now  another  number  for  the  jp's  of  the  seventy-four  terms, 
according  to  the  empirical  values  for  that  year,  as  above  mentioned  under  "B* 
On  the  Equations  ____  for  1843-5." 

Now  the  numerical  values  for  the  final  equations  (6)  have  been  found  to 
be  :  — 


For  the  year  1811. 

]=  +3-070,     [>&]=  -4-990,    [oc]=  +  10-685, 
(><?J=  +  3-200,  [>/]=+0-109, 
r<m]=-  8-541. 

=  +  G8-229,     [fe]=  +3-758, 
[¥]=  +  1-906,  [fy]=-  3-204,  [M]=  +5-044, 

=  +  02-180,      [oT]*  -2-742,      [c<]=+2-290, 
[cy]=  -6-771,  [c/i]=-  11-994,  [c»]=  -32-370. 


=  +  0-235, 
=  +  4-971, 

-0-408, 
-  15-069. 


=+  23-994,     [*]-  -0-455, 
[<»*]=  -3-110,  [^ij=—  8-427. 

«  +16-280,      [e/]=:+0-699, 

[m]=  —  15-486. 

+  13-402,  [/</]==  -0-608, 
+  138-801,  [^]=+5-350, 
+  134-680,  [7»i]=:-  6-073. 


7-918, 


]=  -44-715. 


=  +  07-883, 


/7]=  +  04-205. 


]=  +75-782,    [7^]=  +2-901, 
-1-573,  [7WJ=  +31-818, 


JPor  the  year  1843-5. 

+  12-989,  [^1]=  +  9-091, 
=  +  2-959,  [«a>J=  +0-407, 

^-  3-325, 


=  +  71-859, 
-  3-337, 

*=  +  42-260, 
J=  -  1-781  , 

+  43-335, 

«-  7-862. 


<yj=  +3-691,     [ 

=  +23-278,  |>wp]=+  25-870. 

=  +7-100,   f/%>] 
-  29-599. 


>]=  +  8-784, 
]=  +  8-036, 

>]=  +0-198, 
=  -23-302. 

]=  +3-067, 


«  +37-440,  [^p]«-5-698, 
=  +  154-637,  r^]=-  5-424, 
=  +  122-981,  [*wp]a--  18-439. 


]  =  +  10-268, 

+8-145, 
:*-  59-002, 


=  +  6-543, 
-12-450. 
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The  solution  of  the  equations  (G),  when  these  groups  of  numbers  wcro 
successively  substituted,  gave  then  the  two  sought-for  sets  of  results  as 
follows : — 


The  inc 
called 

rcmcnt 
pertains  to 
the  constants. 

Column  of  fiu, 
or  values  of 
annual  increments 
for  1811. 

Column  of  343.5,  or 
values  of  annual 
increments 
for  1843-5. 

a.       

<r 

a1'1 
h1'1 

<r 

</21 

If1 

0" 
If* 

—0-916 
—0-303 
-0-388 
-0-301 
-0-7J)r> 
+  0-9G(> 
-0-314 
4-0-027 

+  1-339 

-0-4(>r> 
+  0-280 
—  0-829 
-0-02L 
—0-290 
-0-255 
-0-242 

an     

«       

a.      

a,      

ff  ,         

a       ........ 

Now,  with  the  help  of  this  Table,  the  rule  for  the  reduction  of  any  magnetic 
element  that  had  been  observed  in  the  year  1829  -f  r  (with  T  for  any  positive 
or  negative  number)  to  what  it  must  be  stated  to  have  been  in  1829,  proved 
to  be  :  — 

1.  That  to  the  observed  value  must  lie  added  the  number  which  hereto- 

fore has  been  uniformly  designated  by  n  ; 

2.  That  this  n  has  to  be  calculated 

by  the  schedule  (1)  (under  1  when  a  J  or  a  declination  is  to 
"  A.  On  the  equations"  &c.)  J       be  reduced  ; 

by  the  schedule  (2)  (under  1  when  an  /  or  an  inclination  is 
the  same)  J       to  be  reduced  ; 

by  the  schedule  (3)  (under  /  whcn  *  or  tllc  northern  hori- 


«B.  On  the  equations"  &c.) 


f° 


J  wllcn  7,  or  ihc 
1      ^nlal    c 
[      reduced  ; 


by  the  schedule  (4)  (under        lcn     ,  or      c  WBcrn  hori- 
the  same)  1      ^nlal    component   is   to   be 

' 


by  the  schedule  (5)  (under  }  when  X  or   tho  vortical  com- 
tlie  same).  J      ponent  is  to  bo  reduced  ;  and 

3.  That,  independently  of  the  nature  of  the  observed  element,  whcn 
calculating  its  reduction  n,  there  must  be  substituted,  in  the 
formula  employed,  for  &v  (with  vfor  the  integers  successively  from 
1  to  8),  a  iv  which  corresponds  to  the  following  expression,  when 
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assuming  the  numbers  marked  2n  and  S43.5,  under  the  same  super- 
scription out  of  the  yth  horizontal  line  of  the  Table  :— 


(OQ     3J          QA     5\       \  /_i_Jf          S       \ 

S—£V  .  Oii~~OU  *  0  A*,*  \     .             I  ~r~  0,  i  """Oj'i.c  \  iir   i             "XT* 
L1 J^l6. 1  +rr  .Ij.    n       435  )=r  .M  +  rr  .  N*. 
05                /            \        05        / 

To  facilitate  this  evaluation,  we  used  the  form  ^=r  .  M+rr  .  N",  and  the 

following  logarithms  according  to  the   superscriptions  under   which  they 
stand : 


When  $v  is 
substituted  for 

It  must  bo  formed 
with  log  M, 
as  follows 

It  must  be  formed 
with  log  N, 
as  follows 

9-5237  n 

8-5403  n 

o       

9-5942 

7-3903 

8-2504 

8-0121  n 

3          

9-7735 

7-9094 

O           

9-8-M2 

7M279  » 

8-2804 

9-44SS 

0-9509  n 

9-OS71 

7-0174 

As  a  further  illustration  of  these  rules,  we  give  the  following  example  of 
our  reductions.     In  1818-5  or  for  r=  —  10-5  were  observed 

u  X  X  Y  Z 

21°  38',    300°  10',    73-90,    171-92,    1009-74; 

hence  for  ^=^1  .  r-\-N  .  TT  is  obtained 
log  $v,  when  standing  for 

logap  9-5030  n  ;  log  a,,  0-5854  n  ;  log  a,,  0-1305  n  ;  log  ap  0-7271  ti  ; 
log  afi,  0-9794  n  ;  log  at;,  0-0903  ;  log  a.,  0-4843  92  ;  log  as,  9-7474  M. 

log  a,  9-5007  ;  log  fc,  9-7393  11  ;  log  f,  9-8753  ;  log  d,  9-8359  ; 
log  <•,  9-0332  9)  ;  log/,  9-7094  ;  log  r/,  9-3180  ;  log  7^,  9-8149, 
in  SX,  according  to  schedule  (3). 

And  for 


,  /a(5=+2-92,  ^=- 


therefore 


=  -0-30; 


a.  .  .  .  +;*«„]=:  +  3-35  ;  X  +  8X=77-31=tho  reduced  X. 


*  It  scarcely  needs  to  be  observed  that  tho  above  rulo  applies  verbally  to  reductions 
from  a  year  IHW-j-/!  to  a  year  l^(lO-j-^  (f{  and  t  standing  for  any  positive  or  negative 
numbers  whatsoever),  if  only  into  $v—r  .  M-f  TT  .  N  are  introduced 


^ 
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log  a,—  oo  ;  log  I,  9*9070  n  ;  log  <?,  9-7710  n  ;  log  d,  —  oo  ;   log  e,  9-8753  n  ; 
log/,  9-7393  n  ;     log  #,  9-8467  n  ;      log  7t,  9-3498,  in  8Y,  according 
to  schedule  (4). 
And  for 

8Y,  aax=0-00,  Ja2=  +  313,  ca3=  +  0-81,  c?a4=0-00,  *a5—  +  7-16, 

/a0=-2-72,  r/a7=+2-14,  rta8=-0-13; 
therefore 

aY=[^a1  +  5aa+  .  .  .  .  +7*  .  ati]=  +  10-39;   Y+3Y=182-31=thc  re- 
duced Y. 

log  «,  0-2693  ;  log  6,  9-6387  ;  log  c,  07747  n  ;  log  rf,  0-1932  ; 
log  e,  9-7830  ;  log/,  9-91  90  n  ;  log  </,  8-9926  n  ;  log  7?,  9-5895  M, 
in  ?Z,  according  to  schedule  (o). 

And  for  8Z, 

flexes—  0-59,  &a2=—  1*62,  ca3=  +  8-15,  (?a4=  —  8'32?  *i.=  —  5-70, 
/(!,=  -  4-12,  <7«7=  +  0-30,  7md==-f  0-22; 

therefore 

....  +7*ad]=»  —  11-83  3  Z  +  ^Z=1597'91=tlie  reduced  Z. 


II.  Computation  of  the  twenty-four  Gaussian  Constants  from  values 
observed  in  or  reduced  to 


The  numerous  applications  which  we  made  of  these  means  of  reduction, 
not  only  have  added  considerably  to  the  number  of  empirical  data  for  our 
intended  research,  but  they  have  also  increased  the  intrinsic  value  of  the 
whole  stock  of  such  data.  Indeed  many  observed  elements  which  by  their 
reduction  to  the  epoch  1829  became  applicable  to  our  purpose,  related  to 
points  of  extensive  regions  where  all  knowledge  of  magnetic  phenomena  had 
been  hitherto  wanting.  Such  were,  for  instance,  the  beautiful  series  of 
magnetic  measurements  which  English  navigators  have  executed  in  the 
antarctic  and  North-  American  glacial  oceans,  and  also  many  magnetic 
determinations  in  the  interior  of  the  United  States.  Therefore  the  materials 
now  collected  must  amply  suffice  for  our  purpose  ;  but  it  seemed  at  first  sight 
as  if  for  its  attainment  two  entirely  different  ways  were  left  to  our  option. 
Further  consideration,  however,  has  convinced  us  that  of  these  ways  or  modes 
of  operating  only  the  one  which  we  have  adopted  was  admissible  ;  but  this 
consideration,  together  with  the  doubt  which  it  settled,  merits  to  be  shortly 
explained  here. 

According  to  a  first  plan  of  operation,  we  had  to  begin  by  calculating  for 
every  newly  added  magnetic  element  its  excess  n  over  the  theoretic  value 
assigned  to  it  by  the  old  approximations  for  the  Gaussian  constants  —  then, 
having  formed  for  each  of  these  results  (with  al9  a2.  .  .  .  a.2i  for  given  functions 
of  u  and  A,  and  A/'  **,  A7iv'  v,  every  v  and  /i  respectively  varying  from  1  to  4 
and  from  0  to  4,  for  the  corrections  of  constants)  the  expression 


to  derive  from  each  of  these  primary  equations  its  corresponding  contributions 
to  the  twenty-four  final  equations  for  A^1'0,  A01'1.  .  ,  ,A7*4'4;  and  lastly, 
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having  added  each  of  those  contributions  to  the  similar  one  among  those 
equations  which  H.  Petersen  has  stated  to  represent  all  the  magnetic  elements 
measured  by  Krinan  in  1829*,  we  had  to  solve  the  so  completed  expressions 
according  to  the  sought-for  corrections,  A</1>0,  A//1'1,  AA1'1. . .  .Aft4'4. 

On  the  other  hand,  instead  of  such  indifferent  aggregation  of  all  new 
material  to  all  the  old,  we  bad,  according  to  the  second  method,  to -make 
a  proper  abstract  of  each  of  the  two  classes  of  data,  and  then  to  derive  the 
sought-for  values  of  constants  from  equations  founded  only  on  these  abridged 
materials. 

But  as  the  most  probable  determination  of  the  Gaussian  constants  is 
evidently  only  obtained  by  observations  at  points  symmetrically  situated  all 
over  the  earth's  surface  and  being  all  of  equal  weight  (that  is  to  say,  reliable  to 
an  equal  extent),  the  beforementioned  method  proved  to  be  doubly  imperfect. 
Indeed  the  material  for  the  said  former  calculation  of  II.  Petersen  consisted  in 
6 10  magnetic  elements,  which  corresponded  to  650  direct  observations  executed 
along  a  line  round  the  earth  of  8100  German  miles.  The  three  data  for  the 
magnetic  determination  of  a  point,  therefore,  were  to  be  found  all  over  this 
line  at  an  average  distance  of  37*4  German  miles,  or  of  very  nearly  2°-5  of 
the  equator,  whereas  when  those  points  for  which  magnetic  elements  had 
now  to  be  added  were  counted  in  their  succession  on  parallels  of  latitude  or 
on  any  other  lines  round  the  earth,  there  appeared  everywhere  a  much 
scantier  distribution,  which  on  an  average  did  not  exceed  a  sixth  or  a  seventh 
of  what  it  was  for  the  former  calculation.  On  immediate  addition  of  the 
former  sums  of  final  equations  to  the  corresponding  new  sums,  the  resulting 
new  values,  of  Gaussian  constants  would  therefore  have  been  influenced  to  an 
exceedingly  larger  extent  by  the  magnetic  character  of  one  almost  linear 
tract  of  the  earth's  surface,  than  by  all  its  remaining  parts.  To  compensate 
such  vicious  preponderance,  we  might,  before  adding  the  two  sums,  have 
multiplied  each  of  them  by  a  number  inversely  proportional  to  the  frequency 
of  its  elements.  But  this  proceeding  supposed,  in  order  to  be  right,  that  all 
constituent  observations  were  of  equal  weight,  while  in  our  case  we  must 
own,  on  the  contrary,  that  the  probable  errors  of  the  newly  added  elements 
surpassed  those  of  the  formerly  observed  ones  in  a  considerable  though  rather 
indefinite  proportion.  Indeed  by  separate  comparisons  of  some  of  the  new 
and  of  the  old  observations  with  others  of  their  respective  classes,  the  new 
seemed  upon  the  whole  in  less  accordance,  partly  of  course  in  direct  con- 
sequence of  the  manner  in  which  they  were  made,  partly  because  of  their 
having  been  reduced  to  1 8-9  by  a  method  which,  for  all  our  care,  was  but 
an  approximation  to  reality. 

We  have  avoided  these  difficulties  by  choosing  the  second  of  the  above- 
mentioned  modes  of  operation  and  by  prosecuting  it  as  follows  : — 

Out  of  all  stations  for  which  the  three  rectangular  magnetic  components, 
as  in  1829,  had  become  known,  either  by  direct  observation  or  by  our 
reductions  for  secular  changes,  we  selected  those  which  are  nearest  to  ten 
parallels  of  latitude  between  ?e=23°  and  ?(  =  165°,  and  at  the  same  time  to 
the  one  or  the  other  of  nine  equidistant  points  of  every  one  of  these  circles. 
Having  then  concluded  out  of  the  results  for  these  stations  the  270  elements 
that  belong  to  the  90  predetermined  points,  these  latter  values  were  ex- 
clusively introduced  into  the  like  number  of  our  primary  equations,  which  in 

*  As  published  in  the  Report  of  the  Eighteenth  Meeting  of  the  British  Association,  held 
in  1H48,  tables  facing  p.  98,  under  "  Final  Equations  for  the  corrections  of  the  Gaussian 
constants  from  610  magnetic  elements." 

1872.  c 
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their  turn  gave  the  final  equations  for  the  most  probable  twenty-four  values 
of  Gaussian  constants. 

It  appears  that  by  so  doing  we  have  given  to  the  data  of  observation, 
first,  the  requisite  symmetrical  repartition  over  the  earth,  and  then,  secondly, 
to  all  its  parts  the  nearest  possible  equality  of  weight.  Indeed,  when  selected 
as  just  said,  there  followed  one  another  quite  casually,  on  each  parallel, 
observations  that  were  instituted  in  1829  and  those  which  had  been 
reduced  to  this  year,  now  from  the  earlier  date  of  their  direct  validity, 
now  from  the  later  one.  These  data  became  therefore  affected  by  the  still 
remaining  defects  of  reduction  to  a  different  extent  and  in  alternate  directions, 
just  as  by  those  inevitable  errors  of  observation  which  the  usual  formation  of 
final  equations  supposes  to  exist  in  their  numerical  material. 

But  then,  lastly,  as  to  the  reduction  of  elements  from  the  spots  of  direct 
observation  to  the  neighbouring  predetermined  points,  we  have  avoided  its  pre- 
judicial influence  by  always  using  a  merely  mechanical  interpolation,  relating 
to  points  which  in  latitude  as  well  as  in  longitude  differed  in  alternate 
directions  from  those  points  to  which  we  were  to  reduce  them. 

The  following  Table  contains,  according  to  the  hitherto  used  notation 
of  X=/cosi  cosc£,  Y=/ cost  sin d,  and  Z=/sku,  those  values  of  270  magnetic 
elements  for  1829  on  which  our  new  values  of  the  Gaussian  constants  have 
exclusively  been  founded.  To  these  fundamental  numbers  are  added  under 
AX,  AY,  and  AZ,  their  respective  excesses  on  the  values  which  a  computa- 
tion with  the  old  assumed  constants  assigned  to  them.  These  latter  numbers 
show  thus  to  what  extent  the  hitherto  existing  theory  of  terrestrial  magnetism 
still  wanted  correction  in  different  parts  of  the  earth's  surface. 

It  is  still  worth  mentioning  that,  for  the  determination  of  our  following 
normal  values  of  X,  Y,  and  Z,  we  have  employed  out  of  the  vicinity  of  the 
parallels 

to   n=   23°,   39  observed  elements, 

„   ««  30°,    63 

„   «=  40°,    03 

„   r<=   50°,   42 

„   w  =  75°,   27 

„   u=  90°,   39 

„   i*  =  105°,   30 

or   altogether   303  direct  measurements  for   7  parallels  with    189  normal 
values. 

As  for  the  remaining  three  parallels,  to  ?^  =  130°,  ies=150°,  and  w  =  105°,  we 
have  directly  (though  always  after  reduction  to  ]  829)  assumed  the  81  elements 
which  General  E.  Sabine,  in  his  '  lieport  on  Magnetic  Observations  in  the 
Antarctic  Ocean,'  assigns  to  the  intersections  of  these  circles  with  the 
meridians  to  X=40°i>,  where-  r  denotes  the  integers  from  0  to  8.  He  has  of 
course  deduced  these  values  from  a  larger  number  of  observations  at  neigh- 
bouring points ;  and  by  assuming  this  number  to  be  97  or  from  32  to  33  for 
each  parallel,  we  finally  obtain  400  for  the  number  of  direct  measurements 
that  have  been  used  for  the  estimation  of  the  following  270  normal  values. 
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We  give  now  the  result  of  our  investigation,  viz.  the  Gaussian  constants  for 
1829,  as  resulting  from  all  observations  that  we  have  found  or  made  avail- 
able for  the  purpose,  and  thereby  forming  the  best  theoretical  representation 
of  terrestrial  magnetism  which  we  think  can  up  to  the  present  be  effected.  The 
probable  error  that  is  subjoined  to  each  of  these  numbers  shows  to  what 
extent  it  may  be  relied  upon ;  but  as  these  valuations  are  only  founded  on 
the  differences  between  the  values  that  were  assumed  for  our  270  normal 
elements  and  those  which  the  new  constants  assign  to  the  same,  the  mean  of 
their  amount  may  perhaps  be  still  altered  by  the  more  numerous  comparisons 
of  directly  observed  and  newly  calculated  elements  that  will  soon  be  instituted 
and  published. 

The  Gaussian  constants  for  1829,  and  their  probable  errors. 


Names. 

Values  of  the  constants, 
in  conventional  units, 
of  the  Gaussian  theory*. 

Probable 
errors. 

/'° 

4-916-041 

±'79 

g1'1 

-f-  81-144 

2-97 

hri 

--  172*030 

2-32 

gZ'Q 

-f-     3'463 

2*04 

y^1 

-127-463 

3-92 

F1 

-f-     2*060 

3-08 

^ 

-f     3'575 

2'6l 

A2'2 

-   36-167 

1-03 

f< 

-   53*699                          5-41 

g3'1 

+  85-466 

4-24 

h*1 

-f-  47-069 

4-  60 

#32 

~   87-942 

7'44 

A3'2 

—   17-776 

1-82 

#33 

—     3-640 

073 

;*3>3 

—  20-744 

0-58 

y40 

~   7^353 

4-83 

9*  l 

—  109-919 

8-63 

h4'1 

-     9-150 

6-97 

#4'2 

-  44-624 

7'44 

7*4'2 

-f  3r°54 

2-95 

•<3 

-f  19-198 

1-67 

7i43 

+     8-627 

1-31 

#44 

-f-     2*561 

0-54 

A4'4 

+     3'*73 

Hho-68 

The  derivation  of  the  most  interesting  consequences  of  these  numerical 
results  and  a  complete  comparison  of  observed  magnetic  elements  with  both 
their  representations  by  the  old  and  by  the  newly  founded  theory  being  deferred 
for  the  moment,  in  the  mean  time  the  following  shows  the  effect  of  our 
performance  for  those  parallels  that  were  especially  considered. 


Each =0-00 3494 12  German  unit  of  absolute  intensity 
=  0-0075781    English  „  „  „ 


ON  THE  EXTINCT  BIRDS  OP  THE  MASCARENE  ISLANDS. 

Means  of  probable  errors. 


On  the 
parallel 
to  u. 

Of  the  old 
theoretic 
evaluation 
of  the  X. 

Of  the  new 
theoretic 
evaluation 
of  the  X. 

Of  the  old 
theoretic 
evaluation 
of  the  Y. 

Of  the  new 
theoretic 
evaluation 
of  the  Y. 

Of  the  old 
theoretic 
evaluation 
of  the  Z. 

Of  the  new 
theoretic 
evaluation 
of  the  Z. 

o 

23 

30 
40 

±11-58 
12*06 
1971 

±14-42 
18-04 
»3'77 

±17-28 
5-67 
16*25 

±12-98 
8*71 
13*93 

±  *9"52 
35*46 
28-42 

±3<>'34 
28-32 
28-95 

5° 

29-43 

22-56 

18-97 

15*29 

36-77 

32-44 

75 
90 

1914 
32-43 

21-55 

22-70 

22*02 
18-76 

17-82 

10*12 

40-07 
39-56 

29-00 
34-16 

105 

26-05 

19*06 

12-90 

16*32 

31-61 

33^5 

130 

i       150 

53-48 
53-88 

25*67 
i 
22-98 

16-46 
44*86 

10*43 
23-05 

34-02 
84-96 

29-06 
30*60 

165 

±42-38 

±21-29 

±60-51 

'     ±2*  '49 

j  ±i°5'5I 

i  ±'6-36 

On  average 

±33-45 

±21-41 

±28*43 

±15-98 

±  5*'54 

,  ±19-10 

The   new   elements   of    theory   have    therefore    lessened    the    probable 
errors 


Of  the  X. 

Of  the  Y. 

Of  the  Z. 

On  average.  .  .  \ 

to 
0*6412 
of  their  former  value. 

to 
0-5612 
of  their  former  value. 

to 

°'5539 
of  their  former  value. 

And  on   the  f 
parallel  to-! 
«=i6So     I 

to 

0*5012 
of  their  former  value. 

to 
^  0-3552 
of  their  former  value. 

to 
0-1552 
of  their  former  value. 

Berlin,  February  20th,  1872. 


Second  Supplementary  Report  on  the  Extinct  Birds  of  the  Mascarenc 
Islands.     By  ALFRED  NEWTON,  M.A.,  F.R.S. 

TIIK  small  portion  of  the  grant  so  liberally  voted  by  the  Association  at  the 
Birmingham  Meeting  in  1805,  to  aid  my  brother  Mr.  Edward  Newton  in  his 
researches  into  the  extinct  birds  of  the  Mascarenc  Islands,  which  remained 
unexpended  at  the  time  of  my  last  reporting  his  progress,  has  during  the  last 
year  or  so  been  employed  by  him  in  a  renewed  examination  of  the  caves  in 
the  island  of  Rodriguez,  which  had  already  produced  so  much  of  interest. 
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This  examination  has  been  conducted,  as  before,  by  Mr.  George  Jenner,  lately 
the  chief  executive  officer  of  the  island ;  and  though  I  am  not  in  a  position  to 
give  any  thing  like  a  detailed  account  of  the  results,  [  am  happy  to  say  that  I 
believe  they  will  be  found  in  time  to  be  fully  as  instructive  as  those  of  the 
former  examination  have  been.  We  are  now  in  possession  of  several  parts 
of  the  skeleton  of  Pezophaps  which  have  hitherto  been  wanting,  and  of  more 
perfect  specimens  of  some  of  those  bones  which  we  before  obtained.  We 
have  also  additional  remains  of  the  large  Psittacine  bird,  described  from  a 
single  fragmentary  maxilla  by  Prof.  Alphonse  Milne-Edwards  as  Psittacus  (?) 
rodericanm ;  and  this,  I  hope,  will  enable  that  accomplished  palaeontologist 
to  determine  more  particularly  the  affinities  of  the  species,  which  have 
hitherto  been  doubtful ;  and  I  may  add  that  thus  some  further  light  may  be 
thrown  upon  the  position  of  the  P.  mauritianus  of  Prof.  Owen.  In  the  course 
of  last  year  my  brother  had  the  pleasure  of  receiving  from  Mr.  Jenner  proof 
of  the  continued  existence  of  one  of  the  species  described  by  Leguat  as  in- 
habiting Rodriguez,  but  thought  to  have  become  extinct.  This  proof  con- 
sisted of  a  specimen  procured  in  spirit  of  an  undeseribed  and  very  distinct 
Palceornis,  which  I  have  since  described  (Ibis,  1S72,  p.  &3)  us  P.  esxid. 
Among  the  bones  sent  by  Mr.  Jenner  are,  I  believe,  some  which  belonged  to 
this  bird.  But  more  remarkable  and  interesting  still  are  some  remains  which 
are  obviously  those  of  a  llalline  bird,  unquestionably  allied  to  Ocydrotnus; 
and  these  M.  Alphonse  Milne-Edwards  informs  me  he  is  inclined  to  refer  to 
the  "  Gelinotte  "  mentioned  by  Leguat,  the  nature  of  which  has  hitherto  been 
only  open  to  guess.  There  are  also  bones  of  other  species  of  birds,  perhaps 
only  inferior  to  this  in  interest.  Most  of  these  specimens  have  been  intrusted 
to  the  care  of  M.  Alphonse  Milne-Edwards;  for  my  brother  and  1  believe 
that  the  distinguished  author  of  the  'Oiseaux  Fossiles  de  la  France'  has 
established  a  claim  upon  the  assistance  of  all  who  are  interested  in  extinct 
ornithology  by  that  admirable  work  of  his  ;  and  I  learn  from  him  that  he  will 
shortly  make  public  the  results  of  these  recent  discoveries. 


Report  of  the  Committee  for  Superintending  the  Monthly  Reports  of 
the  Progress  of  Chemistry,  consisting  of  Professor  A.  W,  WILLIAM- 
SON, F.R.S.j  Professor  FRANKLAND,  F.R.S.,  and  Professor  ROSCOK, 
F.R.S. 


the  current  year  the  Chemical  Society  has  continued  the  publication 
of  the  monthly  reports  of  the  progress  of  Chemistry,  which  had  been  com- 
menced last  year  with  the  aid  of  the  British  Association.  The  labour  of 
preparing  these  lleports  is  considerable  ;  and  it  is  due  to  the  chemists  who 
perform  that  arduous  duty  to  acknowledge  the  great  care  which  in  bestowed 
upon  it  by  them  for  a  remuneration,  scarcely  more  than  nominal. 

It  has  been  found  necessary,  in  view  of  the  very  great  number  of  chemical 
papers,  to  render  the  reports  very  brief,  so  as  to  convey  a  knowledge  of  the 
general  results  of  each  paper  without  giving  the  details  of  evidence. 

The  Members  of  the  Committee  have  had  the  pleasure  of  noticing  that  the 
reports  are  considerably  valued  by  English  chemists  ;  and  there  is  reason  to 
believe  that  the  anticipations  which  were  formed  of  their  usefulness  in  pro- 
moting the  advancement  of  chemistry  will  be  fully  realized. 
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Report  on  the  best  means  of  providing  for  a  Uniformity  of  Weights  and 
Measures,  with  reference  to  the  Interests  of  Science,  by  a  Com- 
mittee consisting  of  Sir  JOHN  BOWRING,  F.R.S.,  The  Eight  lion. 
Sir  STAFFORD  II.  NORTHCOTE,  C.B.,  M.P.,  The  Right  Hon.  Sir 
C.  13.  AUDERLEY,  M.P.,  SAMUEL  BROWN,  F.S.S.,  Dr.  FARR,  F.R.S., 
FRANK  P.  FELLOWES,  Professor  FRANKLAND,  F.R.S.,  JAMES  HEY- 
WOOD,  F.R.8.,  Professor  LEONE  Ijuvi,F.S.A.,  F.8.8.,  C.  W.  SIEMENS, 
F.R.ti.,  Professor  A.  W.  WILLIAMSON,  F.R.S.,  Dr.  (JKORGE  GLOVER, 
Sir  JOSEPH  WHITWORTII,  Bart.,  F.R.S.,  J.  II.  NAPIER,  J.  V.  N. 
BAZALGETTE,  and  Sir  W.  FAIIUJAIRN,  Bart.,  F.R.S. 

TUB  Metric,  Cunimiitoo  of  the  British  Association  have  much  pleasure  in 
reporting  that  another  great  stride?  has  been  made  towards  the  attainment 
of  uniformity  in  the  Weights,  Measures,  and  Coins  of  all  countries  by  the 
passing  of  a  law  in  Austria,  in  J  une  1  ^71 ,  rendering  the  use  of  Metric  Weights 
and  Measures  permissive  from  the  1st  of  January,  iNTtJ,  and  com pulsory  from 
the  1st  of  January,  1#7<>.  The  Metric  System  is  gradually  diffusing  itself  all 
over  Europe.  At  this  moment  fully  t  wo  thirds  of  that  Continent,  measured  by 
population,  have  adopted  the  Metric  System  of  Weights  and  Measures,  and 
the  other  third  has  manifested  sufficient  interest  in  the  question  to  justify  the 
expectation  of  its  early  adhesion  to  the  general  agreement:  but  in  this  third 
there  arc*  comprised  Russia  and  England,  two  countries  which,  by  their  popu- 
lation and  commerce,  exercise  an  enormous  influence  in  the  whole  world. 

The  state  of  the  question  in   Russia  appears  to  be  as  follows: — In  1S59  a 
Committee  of  the  Imperial  Academy  of  Russia,  consisting  of  the  Academicians 
(Xstrogradski,  Jacobi,  and    Kupfler,  i.ssued   a    report   on   the   subject,  which 
approved  of  the  decimal  di\i.sion  already  incorporated  in  the  Russian  System, 
the  rouble  being  divided  into  I'M)  kopecks,  the  vedro  into   1O  krouchki,  and 
tlr*  inch  into  10  lines,  and  expressed  an  opinion  in  favour  of  extending  such 
decimal  dhisions   to   Weights   and    Measures.      In  discussing,  however,  the 
possibility  of  even  this  moderate  reform,  the  Academicians  saw  that  a  very 
considerable  change  would  be  required.     Supposing  the  foot  were  retained 
as  a  unit,  how  could  it  be  deeimali/cd  without  abandoning  altogether  such 
divisions  as  the  arehine,  which  is  i?|,  and  the  s.-igene,  which  is  7  feet?      Yet 
these  are  really  more  in  use  than  the*  foot  itself.      And  what  multiples  could 
be  adopted?     The  foot  of   Russia,  which  is  identical  with   that  of  Knglund, 
is  too  small  to  measure  cloth  by,  and    10  feet    would  be  too  large   a   unit. 
With  such  difficulties  attending  the  decimali/ation  of  the  existing  Weights 
and  Measures,  the  Academicians  fell,  that  it  would  bo  far  better  for  Russia 
at  once   to   introduce  the   Metric  System  ;  and  this  was   the   conclusion  of 
their  recommendations.     Since  the  publication  of  this  Keport,  the  Imperial 
Academy  of  Russia  has  taken  an  active  part  in  the  advance  of  the  system  all 
over  the  world,      in    1S(»7  M.  Jacohi  was  a  Member  of!   the  International 
Committee  on  Weights,  Measures,  and   Coins  in  connexion  with  the  Paris 
International   Kxhihition,  and  wrote  the  report   \\hich   was  agreed  to  by 
tin*  representatives  of  iill  the  nations  who  took  part   in  the  Conference  on 
the  subject.     And  Inter  still,  in  1^70,  on  the  representation  of  the  Imperial 
Academy  of  Russia  to  the  French  Government  and  to  the  scientific  bodies  of 
other  nations  of  the  need  of  preparing  more  accurate  and  uniform  Metric 
Standards  for  the  use  of  countries  \\hich  might  adopt  the  Metric  System,  an 
International  Commission  was  appointed  to  prepare  such  Standards.     This 
Commission  met  in  Paris  in  Juno  1S70,  and  is  about  to  resume  its  labours 
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in  September  next.  These  steps  on  the  part  of  the  Imperial  Academy  of 
Bussia  have  not  been  followed  by  legislative  action ;  yet,  when  we  consider 
the  just  influence  which  the  Academy  exercises  in  a  subject  of  this  nature, 
it  is  reasonable  to  anticipate  that  their  recommendations  will  be  duly  heeded, 
and  that  as  soon  as  the  Standards  are  completed  the  llussian  Government 
will  take  into  consideration  the  necessary  steps  for  introducing  the  Metric 
System,  whereby  the  Weights  and  Measures  of  llussia  may  be  rendered  iden- 
tical with  those  of  the  greater  number  of  European  nations. 

In  the  United  Kingdom  considerable  progress  lias  been  made  towards  the 
introduction  of  the  Metric  System,  though  much  certainly  remains  to  be 
done.  In  1 8(52  a  Committee  of  the  House  of  Commons  was  appointed  to 
consider  the  practicability  of  adopting  a  simple  and  uniform  system  of 
Weights  and  Measures,  with  a  view  not  only  to  the  benefit  of  our  internal 
trade,  but  to  facilitate  our  trade  and  intercourse  with  foreign  countries.  In 
discussing  the  question  of  the  possible  decimalization  of  the  existing  system, 
the  Committee  of  the  .British  House  of  Commons,  in  the  same  manner  as  the 
Committee  of  the  Imperial  Academy  of  llussiu,  reported  that  it  would  involve 
almost  as  much  difficulty  to  create  a  special  decimal  system  of  our  own  as 
simply  to  adopt  the  Metric  Decimal  System  in  common  with  other  nations; 
and  under  these  circumstances  the  Committee  came  to  a  iinanimous  recom- 
mendation in  favour  of  the  introduction  of  the  Metric  System. 

Accordingly  in  18(54  an  Act  was  passed  to  render  permissive  the  use  of 
such  Weights  and  Measures  so  far  as  to  legalize  contracts  made  in  terms  of 
Metric  Weights  and  Measures,  which  were  heretofore  prohibit  ed  ;  but  no  pro- 
vision having  been  made  for  obtaining  correct  Standards  thereby  to  verify 
the  same,  the  use  of  the  System  in  shops  was  not  thereby  permitted.  A 
Hoyal  Commission  has,  however,  inquired  into  the  question  on  the  Metric 
Weights  and  Measures  of  the  United  Kingdom;  and  after  considerable  in- 
quiry it  issued  a  report  recommending  The  preparation  of  such  Standards 
and  the  removal  of  every  difficulty  which  may  yet  exist  in  the  way  of  the 
permissive  use  of  Metric  Weights  and  Measures.  We  may  therefore  hope 
that  Her  Majesty's  Government  will  speedily  bring  forward  a  measure  for 
carrying  the  recommendation  of  the  Commissioners  into  effect. 

The  appended  map  of  Europe  (Plate  I.)  shows  how  extensively  the  Metric 
System  is  already  used.  If  once  llussia  and  England  should  finally  place  their 
legislation  on  the  same  footing, other  States  will  certainly  follow,  and  in  Europe, 
at  least,  we  shall  have  attained  perfect  unity  as  regards  Weights  and  Measures. 
But  in  other  parts  of  the  world  also  considerable  progress  has  been  made.  In 
Asia  the  whole  of  India  may  be  said  to  have  adopted  the  Weights  and  Mea- 
sures of  capacity  of  the  Metric  System,  though  some  time  may  elapse  before 
the  Act  passed  by  the  Indian  Government  can  be  carried  into  operation.  In 
America  the  United  States  have  introduced  it  permissively,  whilst  Brazil,  Chili, 
Mexico,  New  Granada,  and  other  American  republics  have  adopted  the  Metric 
System  absolutely.  Throughout  the  world  as  many  as  213,000,000  of  people 
have  adopted  it  absolutely,  100,000,000  more  partially,  and  70,000,000  per- 
missively, giving  a  total  of  443,000,000. 

Nor  has  there  been  less  done  as  regards  the  coinage.  If  wo  compare  the 
coins  now  in  use  all  over  the  world  with  those  in  use  some  twenty  years  ago, 
it  will  be  seen  what  advance  we  have  already  made  everywhere  towards  unity. 
Some  countries,  such  as  Prance,  Italy,  Switzerland,  Belgium,  Greece,  and 
lloumania,  have  already  an  identical  system  of  coinage  secured  to  them  by 
the  Coinage  Convention  of  the  23rd  of  December,  1805.  The  Austro-IIun- 
garian  Empire  issues  gold  pieces  marked  20  florins  and  8  florins,  equal  to 
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25  francs  and  1 0  francs  respectively.     Spain  issues  gold  pieces  of  25  pecetas, 
equal  to  the  25-franc  pieces ;  and  Sweden  the  Caroline,  equal  to  10  francs. 

The  Committee  much  regret  that  the  German  Empire,  which  had  recently 
a  most  favourable  opportunity  for  extending  the  desired  uniformity  (an  object 
to  which  she  has  shown  her  adherence  by  the  recent  adoption  of  the  Metric 
System),  has  issued  a  new  gold  coinage  having  nothing  in  common  either 
with  the  money  of  the  Convention  of  Prance,  Switzerland,  Italy,  Belgium,  or 
with  the  monetary  systems  of  England  or  the  United  States.  It  is  much  to 
be  desired  that  we  should  clearly  understand  the  points  on  which  a  common 
accord  exists  in  matters  of  international  coin  ago.  There  is  a  general  agree- 
ment on  the  advantage  of  a  complete  decimal  system,  on  the  adoption  of  the 
fineness  sit  nine  tenths  fine  and  one  tenth  alloy ;  and  the  greatest  number 
of  States  agree  also  on  the  adoption  of  gold  as  the  only  standard  of  value. 
Between  the  three  leading  systems  of  the  world,  founded  respectively  on  the 
.Franc,  the  Dollar,  and  the  round  Sterling,  a  point  of  contact  has  been  found 
in  theo-franc  piece  and  its  multiples,  the  5, 10,  20,  and  25-franc  pieces  ;  and 
considerable  agreement  has  already  been  obtained  in  this  method  of  approach- 
ing the  question.  Your  Committee  would  look  forward  to  a  much  greater 
identity  of  coinage  being  ultimately  realized  than  would  be  obtained  by  this 
method ;  but  it  should  be  remembered  that  even  the  universal  acceptance  of 
this  plan  would  immensely  simplify  the  relations  of  coinage  between  the 
different  nations,  and  of  necessity  lead  to  a  more  identical  system. 

During  last,  year  your  Committee  have  had  communications  with  the  Indian 
Government  on  the  question  of  introducing  the  Metric  System  of  Weights  and 
Measures  in  India,  the  original  Act  by  which  all  the  Weights  and  Measures 
of  the  System  were  introduced  having  been  vetoed  by  the  Homo  Government, 
and  another,  limited  to  Weights  and  Measures  of  capacity,  having  been  passed 
in  its  stead.  In  Kngland  the  action  of  the  Committee  has  been  most  influ- 
ential, especially  in  connexion  with  education.  It  was  at  the  instance  of  this 
Committee  that  the  Committee  of  Her  Majesty's  Privy  Council  on  Education 
have  inserted  in  the  Code  a  clause  requiring  that  instruction  on  the  Metric 
Weights  and  Measures  shall  be  given  in  the  Elementary  Schools  in  the  King- 
dom. And  in  order  to  stimulate  education  on  the  subject,  to  explain  the 
general  character  of  the  Metric  System  and  its  relation  to  the  Imperial,  and 
to  indicate  the  advantages  which  would  result  from  an  International  System 
of  Weights  and  Measures,  your  Committee  have  granted  to  the  British  and 
Foreign  Schools,  the  National  Schools,  the  Wesleyan  Schools,  and  the  Con- 
gregational Schools  in  England,  as  well  as  to  the  National  Schools  in  Ireland, 
copies  of  .Books  and  Diagrams  on  the  Metric  System,  which  have  been  grate- 
fully received.  The  Committee  were  anxious  to  purchase  a  set.  .of  Metric 
Standards,  as  stated  in  their  last  Report,  for  the  purpose  of  illustrating 
lectures  and  papers  on  the  subject;  but  they  found  that  while  their  cost  would 
have  absorbed  nearly  the  whole  vote,  it  would  have  been  impossible  to  lend 
out  such  standards  without  endangering  their  preservation. 

In  January  IS72  a  public  meeting  was  held  at  the  Mansion  House,  under 
the  presidency  of  Sir  John  Bennett,  Sheriff  of  London,  when  resolutions  were 
passed  in  favour  of  the  early  introduction  of  the  Metric  System  of  Weights 
and  Measures  and  the  Decimal  Division  generally.  At  this  meeting  Sir  John 
Lubbock,  F.R.S.,  General  Strachey,  of  the  India  House,  the  Rev.  William 
Jowitt,  Dr.  Farr,  F.H.S.,  the  Hon.  N.  G.  Northope,  Superintendent  of  Public 
Instruction  in  the  United  States,  the  Hon.  Air.  Ryan,  of  the  Canadian  Senate, 
and  other  persons  of  distinction  took  part. 

The  unification  of  the  Weights,  Measures,  and  Coins  all  over  the  world  is 
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fraught  with  immense  benefit  to  science,  commerce,  and  civilization,  and  philo- 
sophical and  scientific  bodies  of  all  nations  have  given  their  adhesion  to  it ;  the 
commercial  classes  look  to  such  unification  as  an  essential  clement  in  the  eco- 
nomy of  time  and  the  performance  of  international  works,  and  travellers  all  over 
the  world  regard  it  as  the  greatest  boon  that  could  be  conferred.  Towards 
the  attainment  of  this  important  object,  the  Metric  Committee  of  the  British 
Association  for  the  Advancement  of  Science  have  exercised  an  important  in- 
fluence ;  and  they  trust  that  if  they  are  allowed  to  continue  their  action  for  a 
few  years  longer,  they  will  be  able  to  report  the  recognition  all  over  the  world 
of  the  principle  for  the  promotion  of  which  they  were  appointed. 
In  conclusion,  your  Committee  recommend  their  rcappointment. 


Eiyhth  Report  of  the  Committee  for  Exploring  Kent's  Cavern,  Devon- 
shire, the  Committee  consistitty  of  Sir  CHARLES  LYELL,  Bart., 
F.R.S.y  Professor  PHILLIPS,  F.R.S.,  Sir  JOHN  LXJBBOCK,  Bart., 
F.R.S.,  JOHN  EVANS,  F.R.S.,  EDWARD  VIVIAN,  M.A.,  GEORGE 
BUSK,  F.R.&.,  WILLIAM  BOYD  DAWKINS,  F.R.S.,  WILLIAM  AVSH- 
FORD  SANFORD,  F.G.S.,  and  WILLIAM  PENGELLV,  F.R.S.  (Reporter). 

IN  commencing  this,  their  Eighth  lleport,  the  Committee  have  to  state  that 
since  their  last  lleport  was  sent  in  (Edinburgh,  1871)  the  excavations  have 
been   carried  on  by  the  same  workmen,  without  interruption,  and  in   all 
.respects  in  the  same  manner  as  in  former  years. 

The  visitors  to  the  Cavern  have  continued  to  be  very  numerous.  Amongst 
those  accompanied  by  the  Superintendents,  the  following  may  be  mentioned: — 
The  Emperor  Napoleon  III.,  the  Prince  Murat,  the  Prince  and  Princess  of 
Oldenberg,  Sir  W.  Jardine,  Dart.,  Sir  W.  Topham,  Rev.  M.  Brown,  llev.  G. 
Buckle,  Ilcv.  NT.  Drcwc,  llov.  Dr.  MacGregor,  Rev.  F.  A.  Saville,  Rev.  W. 
Thompson,  Kcv.  H.  II.  Win  wood,  A.  1).  W.  11.  B.  Cochrano,  M.P.,  W.  II.  Smith, 
M.P.,  General  Freeze,  C.B.,  R.A.,  Colonel  Naylor,  Colonel  W.  Pinnoy,  Captain 
S.  P.  Oliver,  II. A.,  Professor  F.  Roomer,  of  Breslau,  Professor  A.  Newton, 
Dr.  Bond,  Dr.  Ilounsell,  Dr.  Schmidt,  of  Essen,  Rhenish  Prussia,  and  Messrs. 
Bosanquet,  II.  H.  Bothamley,  W.  II.  A.  Boyle,  —  Chaplin,  B.  J.  M.  Donne, 
W.  Fenner,  11.  Gwatkin,  J.  Holdsworth,  J.  II.  Parsons,  E.  C.  llobson, 
—  Stewart,  J.  Stilwell,  G.  C.  Swayne,  K.  B.  Tawney,  B.  Tower,  —  Waldegravc, 
W.  Vicary,  1.  Whitwell,  and  A.  W.  Wills.  The  Cavern  has  also  been  visited 
by  the  Exeter  Naturalists'  Club,  and  by  a  large  party  of  Members  of  the 
British  Medical  Association,  at  the  close  of  the  Annual  Meeting  at  Plymouth 
in  August  1871,  including  Rev.  Professor  Haiighton,  Professor  Lister,  Dr. 
Crossby,  of  Nice,  Dr.  A.  Godson,  Dr.  Lang,  Dr.  Maonamara,  Dr.  Murphy, 
Dr.  W.  .Roberts,  and  Mr.  Wilde. 

Visitors  of  a  much  less  welcome  character  have  also  been  numerous  during 
the  year.  In  February  last  the  workmen  somewhat  frequently  observed 
several  large  rats  running  about  the  Cavern,  but  for  some  lime  failed  in  all 
their  efforts  to  capture  them.  One  morning  one  of  the  men,  on  commencing 
his  work,  wrapped  his  dinner-bag  in  the  coat  he  had  just  taken  off,  and  put 
the  whole  carefully  aside.  At  dinner-time  the  coat  was  found  to  be  eaten 
through,  and  the  bag  with  its  contents  was  gone.  A  few  days  after,  the  other 
man,  having  taken  his  dinner,  placed  his  bag,  containing  a  piece  of  bread,  in  a 
basket,  and  fastened  the  cover.  On  leaving  work,  he  found  a  hole  had  been 
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eaten  through  the  basket,  the  bag  was  torn  into  the  merest  shreds,  and  the  bread 
was  gone.  Thus  stimulated,  the  men  baited  their  traps  with  great  care,  and 
had  the  pleasure  of  catching  seven  or  eight  rats.  No  further  annoyance  was 
experienced  until  July,  when  a  large  rat  was  seen  to  enter  the  Cavern  about 
midday.  The  poor  wretch  was  found  dead  in  the  trap  in  a  day  or  two. 

During  the  last  twelve  months  the  Committee  have  explored  the  branches 
of  the  "  Western  Division  "  of  the  Cavern  known  as  "  The  Wolfs  Cave," 
"  The  Cave  of  Kodentia,"  and  "  The  Charcoal  Cave,"  and  have  commenced 
"  The  Long  Arcade." 

The  Wolf's  Cave. — That  branch  of  the  Cavern  which  extends  in  a  northerly 
direction  from  "The  Sloping  Chamber"  was,  by  Mr.  MacKnery,  termed  "The 
Wolfs  Cave,"  and  occasionally  u  The  Idol  Cave"*.  It  received  the  latter 
name  from  "  a  column  of  spar  "  which,  "  near  its  entrance,  joined  the  ceiling 
and  floor  and  obstructed  the  way,"  and  "  had  a  singular  resemblance  to  a 
Hindoo  Idol  "f ;  and  the  former,  because,  on  the  removal  of  this  "  column,"  it 
was  found  to  have  "  covered  the  head  of  a  wolf,  perhaps  the  largest  and 
finest  skull,  whether  fossil  or  modern,  of  that  animal  in  the  world  "£. 

Mr.  MacKnery  seems  to  have  been  eminently  successful  in  collecting  speci- 
mens in  this  branch  of  the  Cavern ;  for  he  states  that  "  of  the  quantity  and 
condition  of  the  remains  here  it  is  scarcely  possible  to  give  a  just  idea  with- 
out appearing  to  exaggerate.  They  wore  so  thickly  packed  together  that, 
to  jivoid  injuring  them,  we  were  obliged  to  lay  aside  the  picks  and  to  grub 
them  out  with  our  fingers.  They  were  found  driven  into  the  interstices  of 
the  opposite  wall,  or  piled  in  the  greatest  confusion  against  its  sides,  with  but 
a  scanty  covering  of  soil,  and  that  of  the  finest  and  softest-  sand  intermixed 
with  greasy  earth.  To  enumerate  the  amount  of  fossils  collected  from  this 
spot  would  be  to  give  the  inventory  of  half  my  collection,  comprising  all  the 
genera  and  their  species,  including  the  ntltri'h'ns.  There  were  hoards." 
Here,  too,  he  appears  to  have  found  all  the  remains  of  Machairodus  la  tit  I  ens 
(known  then  as  £V,sw?  ctiltrnlt-ns)  the  Cavern  yielded  him,  which  he  states 
were  five  canines  and  one  incisor  §. 

When  completely  excavated  to  the  depth  of  4  feet  below  the  base  of  the 
Stalagmitic  Floor,  this  Cave  was  found  to  extend  nearly  70  feet  in  a  north- 
westerly direction,  and  at  its  entrance,  or  junction  with  the  Sloping  Chamber, 
to  be  about  40  feet  wide.  At  3  yards  inside  the  entrance  it  narrows  to  about 
20  foet,  at  7  yards  to  10  feet,  and  beyond  this  its  general  width  is  from  7  to 
8  feet || .  Its  present  height  is  about  7 feet  throughout;  but  before  the  com- 
mencement of  Mr.  MacKnery \s  diggings,  the  space  between  the  Limestone  Hoof 
and  the  Stalagmitic  Floor  could  nowhere  have  exceeded  2  feet,  even  if  the  latter 
had  been  entirely  free  from  rubbish.  Indeed  ho  states  that  when  they  first 
entered  this  branch,  he  and  his  companions  "  crawled  like  tortoises  "U". 

At  the  entrance  the;  Roof  is  commonly  fretted  as  if  by  the  action  of  acidu- 
lated water ;  but  here  and  there,  and  especially  on  the  eastern  side,  its  com- 
paratively fresh  and  smooth  aspect  indicates  what  may  be  termed  the  recent 
fall  of  masses  of  limestone  from  it, — an  indication  confirmed  by  the  presence 
of  such  masses,  some  of  them  of  great  dimensions,  immediately  below.  At 
intervals  throughout  the  entire  length  of  the  Cave  transverse  lines  of  frac- 
ture, or  divisional  planes,  appear  in  the  Hoof :  some  of  them  are  close-fitting, 

*  ITc  also  spoke,  of  it  sometimes  as  "  The  Wolfs  Passage  "  and  "  Tho  Wolfs  Grave." 
t  Woo Tr.  Devon.  Assoe.  vol.  iii.  pp.  243,  'JM  ( 18GD).       J  I b.  p.  24S.       §  Ib.  pp.  309,  370. 
||  The  breadth  m  always  measured  at  the  level  of  the  surface  of  tho  Cave-earth.     In  this 
Cave  it  was  invariably  narrower  at  tho  bottom  of  tho  excavation. 
^1  See  Trans.  Devon.  ABSOC.  vol.  iii.  p.  UtW. 
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but  occasionally  they  have  been  corroded  or  fretted  into  cavities  of  rudely 
elliptical  outline,  from  a  foot  to  2  feet  in  height.  The  largest  of  them 
measures  5  feet  long  and  something  less  than  1  foot  wide ;  its  walla  aro 
much  fretted,  and  numerous  pipe-like  stalactites  depend  from  its  roof.  Some 
of  the  holes  are  completely  lined  with  stalactite,  whilst  others  are  quite  bare. 
There  are  no  traces  of  Cave-earth  in  any  of  them. 

The  north-eastern  wall  of  the  Cave,  from  the  entrance  to  nearly  30  feet  within 
it,  is  a  confused  mass  of  large  fallen  blocks  of  limestone.  With  this  excep- 
tion, the  walls,  as  in  the  other  branches  of  the  Cavern,  consist  of  beds  of 
limestone  in  situ.  They  are  not  much  fretted,  their  edges  are  all  more  or 
less  angular,  and  they  are  here  and  there  traversed  by  fissures  corresponding 
with  the  lines  of  fracture  in  the  Roof. 

From  the  considerable  remnants  left  undisturbed  by  Mr.  MacEncry,  there 
was,  no  doubt,  a  continuous  "  Granular  Stalagmitic  Floor  "  from  end  to  end. 
It  seems  to  have  varied  from  3  to  12  inches  in  thickness,  and  to  have  possessed 
the  granular  and  laminated  structure  characteristic  of  the  Floor  covering  the 
"  Cave-earth."  In  a  large  area  at  the  south-eastern  angle  of  the  Cave  the 
Floor  had  been  left  untouched,  and  was  found  to  be  in  some  cases  fully  2  feet 
thick.  Like  that  in  a  great  part  of  the  adjacent  Sloping  Chamber,  of  which 
it  is  a  prolongation,  it  contained  numerous  large  masses  of  limestone  and  of 
the  "  Old  Crystalline  Stalagmitic  Floor  "  so  frequently  mentioned  in  former 
licports. 

Similar  masses,  of  both  kinds,  were  abundant  in  the  Cave-earth  below  the 
Floor  in  the  area  just  mentioned  ;  and  in  some  instances  the  blocks  of  lime- 
stone lay  across  one  another  with  but  little  deposit  between  them,  as  if  they 
had  fallen  after  the  accumulation  of  Cave-earth  had  ceased.  In  t\  low  in- 
stances the  cavities  or  interspaces  were  not  covered  with  the  Stalagmite, 
and  some  of  them  contained  a  few  recent  bones  and  other  objects. 

Omitting  this  south-eastern  area,  Mr.  MacKriery  extended  his  researches 
quite  to  the  innermost  point  of  the  Cave,  and,  with  few  exceptions,  up  to 
13  feet  from  the  entrance,  had  broken  up  and  searched  the  entire  deposit  to 
a  depth  exceeding  the  Committee's  four-feet  sections.  Within  the  point  just 
specified,  he  contented  himself  with  cutting  a  comparatively  narrow  trench, 
leaving  the  ground  quite  intact  adjacent  to,  and  a  tew  feet  from,  the  south- 
western wall,  but,  as  before,  carrying  his  excavations  to  a  depth  exceeding  4 
feet.  At  24  feet  from  the  entrance,  however,  he  dug  to  no  greater  depth  than 
2  feet,  and  very  rarely  exceeded  this  in  the  inner  part  of  the  Cave, — thus  leaving 
the  Committee's  third  and  fourth  foot-levels  everywhere  intact,  besides  the  bolt 
adjacent  to  the  south-western  wall,  of  which,  as  already  mentioned,  no  portion 
was  touched.  This  margin,  it  may  bo  presumed,  was  left  intact  in  consequence 
of  all  the  excavated  material  being  lodged  on  it.  No  portion  of  the  latter 
appears  to  have  been  taken  out  of  the  Cave. 

The  deposit  the  Committee  found  in  the  Wolfs  Cave,  whether  disturbed  or 
undisturbed,  was  well-marked  typical  Cave-earth,  consist  ing  of  red  loam  with 
about  50  per  cent,  of  angular  fragments  of  limestone.  There  were  no  traces 
of  the  older  deposit  termed  "  Breccia  "  in  previous  licports,  either  in  situ  or 
redeposited,  and,  excepting  the  area  in  tho  south-eastern  corner,  already 
mentioned,  no  fragments  of  the  Old  Crystalline  Stalagmitic  Floor. 

In  proceeding  to  the  objects  found  in  the  Wolfs  Cave,  it  is  obvious  that 
nothing  can  bo  said  about  such  as  may  have  been  on  or  in  tho  Stalagmitic 
Floor ;  they,  if  such  there  were,  had  no  doubt  been  secured  by  tho  earlier 
explorers. 

It  has  already  been  stated  that  there  were  occasional  interspaces  among 
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tho  blocks  of  limestone  lying  confusedly  in  the  south-eastern  portion  of  tho 
Cave.  In  some  of  these,  all  of  them  being  sealed  up  with  Stalagmite,  shells 
of  tho  common  Pecten  (Pecteti  nvtxhnus,  Linn.)  were  found,  amounting  to  a 
total  of  twenty-five.  Most  of  them  wore  large  shells,  and  some  were  thickly 
incrusted  with  calcareous  matter  containing,  in  one  or  two  cases,  traces  of 
charred  wood.  In  one  instance  two,  arid  in  another  five,  shells  were  found 
fitted  neatly  into  one  another,  and  cemented  together  with  carbonate  of  lime, 
thus  leaving  no  doubt  that  man  had  not  only  packed  them,  but  placed  them 
where  they  wore  found.  The  fact  that  some  of  them  were  4<  (lead  shells," 
having  SerpuUu  attached  to  their  inner  surfaces,  indicates,  of  course,  that  they 
wore  not.  in  all  cases  taken  to  the  Cavern  because  they  contained  an  article  of 
food,  but  probably  sometimes,  at  least,  as  domestic  vessels. 

The  nudist urbed  Cave-earth  in  this  branch  of  tho  Cavern  yielded  a  con- 
siderable number  of  the  remains  of  the  ordinary  Cavc-manmials,  including 
nearly  sixty  shells,  which  may  be  distributed  as  in  the  following  Table : — 

TAHLK  1. — Showing  how  many  per  cent,  of  the  Teeth  found  in  Cave-earth 
in  tho  Wolfs  Cuve  belonged  to  the  different  kinds  of  Mammals. 

Elephant 2-5  per  cent. 

Lion      1  ,, 

Wolf     1 

OK    1 

Rabbit •"> 


Hyaena 44-5  per  cent . 

llorso    ^5  ,, 

Rhinoceros ir>  „ 

Mogaooros     .*&  ,, 

Hoar   .*$  ,, 

Doer !>•»       !. 


Fox only  1  tooth. 


It  will  be  remembered  that  the  Cave-earth  is  excavated  in  vertical  slices 
or  tk  Parallels"  extending  generally  from  wall  1o  wall  of  the  branch  of  the 
Cavern  under  exploration,  to  a  depth  of  4  feet  and  a  horizontal  thickness  of 
1  foot ;  that  each  Parallel  is  taken  out  in  4  Miccesshe  "  Levels/'  each  a  foot 
in  vortical  depth;  and  each  Le\oi  in  "Yards,"  or  masses  »$  feet  in  length. 

From  what  has  been  already  stated,  it  is  obvious  that  in  the  Wolfs  Cave 
there  were  no  continuous  first  or  second  Foot-levels  intact,  and  that  even  the 
third  and  fourth  were  not  even  when*  met  \\ilh.  Confining  attention  to  tho 
twenty-one  instances  of  each  of  the  two  latter  which  did  occur  in  the  same 
Parallels,  tho  following  Table  \vill  show  the  distribution  of  the  teeth  of  the 
various  kinds  of  Mammals  in  them  : — 

TVHLK  IT.- -Showing  the  distribution  of  the  Teeth  of  the  different  kinds  of 
Mammals  in  the  third  and  fourth  Foot-levels  of  twenty-one  Parallels  of 
Cave-earth  in  tho  Wolfs  Cave. 
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The  following  examples  will  serve  to  explain  Table  II. : — Teeth  of  hyama 
occurred  in  the  third  Foot-level  in  16  distinct  Parallels,  and  in  the  same 
number  in  the  fourth ;  but  as  they  were  met  with  in  a  total  number  of  19 
Parallels  only,  it  is  obvious  that  in  ]3  instances  (=16  +  10  —  19)  they 
occurred  in  both  levels  in  the  same  Parallel. 

Again,  as  the  Table  comprehends  21  Parallels,  and  teeth  of  hyrona  were 
found  in  19  only,  it  follows  that  there  were  2  Parallels  (=21  —  19)  in  which 
no  teeth  of  this  genus  presented  themselves. 

Further,  a  total  of  131  teeth  of  hyaena  were  exhumed  in  the  19  Parallels, 
and  of  these  63  were  in  the  third  Foot-level,  and  68  in  the  fourth  or  lowest ; 
hence  the  different  Levels  were  almost  equally  rich,  and  on  the  average 
several  teeth  occurred  in  one  and  the  same  Level  and  Parallel. 

To  take  another  example : — Teeth  of  bear  were  found  in  the  third 
Foot-level  in  4  Parallels,,  and  in  the  fourth  Foot-level  in  2 ;  but  us  they 
occurred  in  a  total  number  of  6  Parallels,  it  is  obvious  that  in  no  in- 
stance were  they  met  with  in  both  Levels  in  one  and  the  same  Parallel 

(4  +  2-0  =  0). 

Again,  as  the  Table  comprehends  21  Parallels,  and  teeth  of  bear  were 
found  in  6  only,  it  follows  that  there  were  15  Parallels  (21  —  0=  15)  in  which 
no  teeth  of  this  genus  presented  themselves. 

Further,  a  total  of  6  teeth  of  bear  were  exhumed  in  the  (>  Parallels,  and  of 
these  4  were  in  the  third  Level  and  2  in  the  fourth  or  lowest;  hence  the 
third  was  the  richest  Level,  if  the  slender  evidence  may  be  trusted  ;  and  the 
teeth  occurred  singly,  no  more  than  one  having  in  any  instance  been  found 
in  the  same  Parallel. 

It  is  perhaps  noteworthy  that  whilst  teeth  of  rabbit  and  fox  occurred  in 
the  Wolfs  Cave,  as  is  shown  in  Table  L,  they  did  not,  according  to  Table  II., 
present  themselves  in  either  the  third  or  fourth  Level. 

As  in  previous  years,  the  Committee  have  removed  and  examined  the 
deposits  dug  up  and  thrown  aside  by  Mr.  Machinery.  In  the  \Volfs  Cave, 
as  elsewhere,  this  material  yielded  a  large  number  of  the  remains  of  the 
ordinary  Cave-mammals,  including  about  3,50  teeth,  which  may  be  thus 
apportioned  : — 

TABLE  III. — Showing  how  many  per  cent,  of  the  Teeth  found  in  the  disturbed 
material  in  the  Wolfs  Cave  belonged  to  the  different  kinds  of  M animals. 


Hyaona 36     per  cent. 

Horse 33-5 

Rhinoceros 19  „ 

Megaccros    3  „ 

Sheep    2  „ 


Bear ]•/>  per  cent. 

Deer 1-5 

Badger  .  .  .  .  1  ••>        „ 

Ox less  than  J  per  cent. 

Lion „ 


Though  it  would  be  utterly  useless  to  compare  Tables  1.  and  III.,  sinco 
the  latter  includes  teeth  not  only  from  all  Levels,  but  possibly  such  as  were 
lying  on  the  Stalagmitic  Floor,  as  well,  perhaps,  as  more  recent  introductions, 
it  is  not  without  interest  to  observe  that  even  amongst  the  rejected  or  neglected 
specimens,  as  the  case  may  be,  as  well  as  in  the  undisturbed  Cave-earth  in 
every  branch  of  the  Cavern,  the  most  prevalent  forms  are  hyccna,  horse,  and 
rhinoceros,  and  that  their  relative  prevalence  is  indicated  by  the  order  in 
which  they  have  been  named. 

The  bones  and  teeth  present  much  the  same  characters  as  those  found  in 
previous  years.  Thus,  many  of  the  latter  are  in  jaws  or  fragments  of  jaws, 
destitute,  as  usual,  of  their  condyles,  and,  in  most  cases,  of  the  lower  borders 
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also.  Most  of  the  specimens  have  an  almost  white  colour,  but  some  are  of  a 
dark  hue ;  some  are  more  or  less  coated  with  stalagmite,  some  are  broken, 
some  split,  and  very  few  have  escaped  the  teeth  of  the  hyaena.  Amongst  the 
finer  and  more  remarkable  specimens  may  be  mentioned  jaws  of  hysena, 
canines  of  lion  and  bear,  a  left  lower  molar  of  Elephas  primiyenitis,  part  of 
left  lower  jaw  of  rhinoceros,  and  a  portion  of  a  palate  and  both  upper  jaws  of 
megaceros. 

One  of  the  canines  of  bear  (No.  5537)  is  so  peculiarly  worn  or  cut,  both 
on  the  crown  and  on  the  fang,  and  especially  the  latter,  as  to  suggest  the 
probability  of  human  agency.  On  account  of  its  strange  aspect  it  was  for- 
warded to  Mr.  G.  Ihisk,  President  of  the  Royal  College  of  Surgeons,  F.R.S., 
Y.P.L.S.,  &c.,  a  member  of  the  Committee,  who  thus  remarks  on  it :—-"  The 
bear's  canine  (5537)  is  certainly  very  curiously  worn  if  it  be  naturally  so. 
The  wearing  of  the  crown  part  is  possible  enough,  perhaps ;  but  I  cannot 
account  for  the  apparently  worn  portion  of  the  fang,  which,  of  course,  during 
life  must  have  been  protected  from  wear.  But  what  could  be  the  object 
of  such  an  implement  if  it  were  manufactured  ?  Perhaps  a  kind  of  gouge 
or  chisel." — (Signed)  (JKOKGE  BUSK. 

The  mammoth's  grinder  (No.  557"))  is  almost  perfect.  Its  crown  measures 
0  inches  in  length  and  2'5  inches  in  greatest  breadth.  It  was  found  Sep- 
tember 13,  1S71,  in  the  third  Foot-level,  with  -2  teeth  of  hyama  in  parts  of 
5  jaws,  2  of  rhinoceros,  1  of  bear,  with  several  large  bones  and  fragments  of 
bone.  The  bear's  tooth  just  mentioned  was  a  canine  worn  almost  to  the 
fang,  which  measures  1'7  inch  in  width. 

The  rhinoceros  jaw  (No.  55b'lf),  which  has  lost  its  condyles,  1ml  not  its 
lower  border,  contains  4  consecutive  molars,  and  is  quite  the  finest  specimen 
of  the  kind  met  with  by  the  Committee.  It  was  found  September  2,  1871, 
in  the  third  Level,  with  a  tooth  of  bear,  bones,  and  fragments  of  bone. 

The  jaws  and  palate  of  megaceros  (No.  5(>4(>)  contain  <>  consecutive  molars 
on  the  left  side,  and  5  on  the  right.  This  specimen  was  found  October  10, 
1871,  in  the  third  Level,  \\ii\\  1  tooth  of  rhinoceros  1  of  raegaceros,  5  of 
horse,  (>  of  hymen  in  parts  of  2  jaws,  bones,  and  splinters  of  bone. 

Though  "Mr.  MacKnery  was  not  so  fortunate  as  to  find  any  Hint  implements 
in  the  Wolfs  Cave,  the  Committee  met  with  5  ;  and  4  of  them  are  amongst 
the  best  specimens  the  Cavern  bus  yielded. 

No.  55<>IJ  in  a  white  lanceolate  implement,  2*$  inches  long,  *S5  inch  broad, 
and  '2  inch  thick.  It  has  a  strong  subcentral  longitudinal  ridge  on  one 
surface,  is  slightly  concave  longitudinally  and  convex  transversely  on  the 
other,  reduced  to  an  edge  on  both  margins,  rounded  and  rather  blunt  at  one 
end,  abruptly  truncated  at  the  other,  and  lias  apparently  seen  sonic  service. 
It  was  found  September  2,  1871,  in  the  fourth  Level,  with  1  tooth  of  bear, 
1  of  rhinoceros,  *,\  of  hyicna,  ti  of  horse,  and  1  of  ox. 

No.  5571  is  a  pale  grey  ilint  implement  of  delicate  proportions.  It  is  3*7 
inches  long,  '05  inch  in  greatest  breadth,  and  •!  inch  in  greatest  thickness. 
It  is  longitudinally  and  transversely  convex  on  one  side,  somewhat  strongly 
concave  lengthways,  but  slightly  convex  in  the  direction  of  its  breadth  on 
the  other,  has  a  long  narrow  oval  form,  three  ridges  on  its  convex  side,  a  thin 
edge  all  round  its  perimeter  except,  at  one  end  which  is  rather  blunt,  and  does 
not  appear  to  have  been  used.  It  was  found  September  9, 1871,  in  the  third 
Level,  with  4  teeth  of  hyanm,  1  of  rhinoceros,  I  of  horse,  I  of  ox,  and  frag- 
ments of  bone  scored  with  teeth-marks. 

No.  550U  is  a  chert  implement,  rudely  quadrilateral  in  form,  2'5  inches 
long,  2'2  inches  broad,  •(>  inch  thick,  and  has  apparently  been  used.  It  was 
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found  September  20,  1871,  in  the  first  Level,  with  2  teeth  of  horse  and  1  of 
rhinoceros. 

No.  5602  is  a  strongly  proportioned  chert  lanceolate  implement,  3-9  inches 
long,  1'L  inch  broad,  and  *4  inch  thick.  It  is  concave  on  one  face,  very 
strongly  carinated  on  the  other,  truncated  at  one  end,  pointed  but  blunt  at 
the  other,  and  worked  to  an  edge  along  its  two  margins.  It  was  found  Sep- 
tember 22,  187J,  in  the  fourth  Level,  with  4  teeth  of  hyaena,  2  of  horse,  and 
several  fragments  of  bone. 

No.  5(350  is  a  somewhat  irregular  ovate  chert  tool,  unequally  convex  on  its 
two  faces,  4-2  inches  long,  IK*  inches  in  greatest  breadth,  and  -8;")  inch  in 
greatest  thickness.  It  has  been  wrought  to  an  edge  around  its  entire  cir- 
cumference, but  not  elaborately  finished  ;  at  one  small  part  near  its  broader 
end  a  portion  of  the  original  surface  of  tho  nodule  from  which  it  was  formed 
remains,  and  it  has  apparently  been  much  used.  It  \\as  found  October  Kf, 
1871,  in  the  third  Level,  but  without  any  bones  or  teeth  in  the  same  Yard. 
Three  implements  of  the  same  type  have  been  mentioned  in  previous 
Keports  *. 

The  Cave  of  llodentid.— Prom  the  north-eastern  corner  of  the  Wolf's  Cave, 
a  passage,  scarcely  5  feet  long,  about  ."5-5  high,  and  where  narrowest  not  more 
than  5  feet  wide,  leads  into  a  chamber  measuring  about  2~>  feet  from  east  to 
west,  and  20  from  north  to  south.  It  was  termed  the  "  Cave  of  Uodentia  "  by 
Mr.  MacEncry,  who  thus  describes  his  researches  in  it:—-"  We  now  found  our- 
selves in  the  midst  of  hundreds  of  Kodentia.  Of  their  remains  and  dust  tho 
deposit  was  constituted,  agglutinated  together  by  calcareous  matter  into  a  bony 
breccia.  It  should  have  been  premised  that  the  stalagmite  above  them  was 
about  a  foot  and  a  half  dorp,  regularly  laminated  and  free  from  all  adventi- 
tious matter It  suffered  no  disturbance  or  interruption  from  its  first 

commencement Tho  remains  of  Rodentia  were  wanting  in  no  part  of 

the  Cavern  that  we  had  yet  examined,  ....  but  here,  in  this  grotto,  they 
swarmed  in  countless  multitudes.  Not  only  had  their  tiny  remains  penetra- 
ted into  every  cleft  and  crevice  of  the  rock,  hut  they  insinuated  themselves 
even  into  the  chambers  of  the  large  bones.  The  wolfs  skull,  in  the  passage, 
had  its  cavities  charged  and  its  surface  incrusted  over  with  a  concretion  of 

their  bones It  was  an  interesting  spectacle  to  behold  myriads  of 

minute  animal  remains  congregated  by  tho  side  of  elephants,  rhinoceroses, 
and  hyamas  in  a  common  sepulchre.  Heads  generally  crushed ;  lower 
jaws  preserved.  When  a  handful  of  this  dust  was  thrown  into  water, 
hundreds  of  teeth  rose  to  the  surface,  and  it  v\as  by  this  means  they  were 
collected  "f. 

It  will  be  seen  from  the  foregoing  quotation  that  here,  too,  the  Committee 
were  following  Mr.  MacKnery's  steps.  His  labours,  however,  were  on  a 
less  extended  scale  than  in  tho  Wolfs  Cave.  In  the  narrow  trench  to 
which  ho  restricted  himself,  and  which  was  not  continuous,  his  excavations 
never  extended  more  than  2  feet,  and  frequently  not  more  than  18  inches, 
below  the  base  of  the  Stalagmitic  Floor.  Connected  with  this  Cave,  more- 
over, there  proved  to  bo  two  recesses,  which  he  did  not  enter ;  indeed  ho  did 
not  suspect  their  existence. 

The  Hoof  of  the  Cave  of  Rodentia  slopes  gently  towards  the  north.  Its 
general  height  above  the  bottom  of  the  Committee's  excavation  is  about  8  feet ; 

*  Seo  also  'The  Ancient  Stono  Implements,  &e.  of  Great  Britain,'  by  John  Evans 
F.R.S.,  P.S.A.,  1872,  figB.  380,  :«7,  p.  447. 
t  Trans.  Devon.  Assoc.  vol.  iii.  pp.  244,  245. 
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and  from  this  it  varies  but  little,  except  in  one  or  two  places,  whence  masses 
of  limestone  have  recently  fallen.  The  Hoof  is  fretted,  and  has  occasional 
Hues,  extending  tortuously  upwards,  and  from  D  to  12  inches  in  diameter  at 
the  bottom,  where  they  are  largest.  None  of  them  contain  any  stalactitic  or 
earthy  matter. 

The  walls  of  the  Cavo  are  but  little  fretted,  and  their  edges  but  slightly 
rounded. 

Almost  immediately  on  entering  the  Cave  the  workmen  had  to  blast  a  largo 
mass  of  limestone  lying  on  the  Stalagmitic  Floor,  and  which  in  all  probability 
deterred  Mr.  MacKnery  from  breaking  ground  there.  A  few  yards  further 
in,  a  portion  of  the  south  wall,  certainly  in  situ,  and  without  obvious  in- 
dication of  severance  from  the  limestone  stratum  of  which  it  was  a  part, 
was  found  to  project  a  few  feet  beyond  the  general  direction,  and  to 
have  Cave-earth  beneath  it.  This  underlying  deposit  had  been  regularly 
removed  as  the  successive  Parallels  were  excavated.  At  length  the  entire 
mass,  estimated  at  a  ton  in  weight,  fell  and  very  nearly  crashed  the  principal 
workman. 

The  Stalagmitic  Floor,  originally  continuous  across  the  entire  length  and 
breadth  of  the  Cave,  had  in  gieat  part  been  broken  up  by  the  earlier  explo- 
rers. Judging  from  the  remnants  of  it  still  remaining,  it  was  of  the  ordinary 
granular  and  laminated  chiuucter,  and  from  X  to  12  inches  in  thickness. 

lieneath  this  Floor  the  deposit  was  the  common  Cave-earth  from  top  to 
bottom  of  the  4 -feet  sections,  except  in  the  northern  corner  of  the  Cave, 
where  the  Old  Crystalline  St:il:igmitic  Floor,  in  situ,  formed  its  basis,  and 
rose  like  a  boss  from  beneath. 

In  the  excavated  deposits  thrown  aside  in  this  Cave  by  Mr.  MacKnery,  the 
Committee  found  bones  and  teeth  as  usual,  and  a  bron/e  gouge  <$'*2  inches 
long,  and  *7~>  inch  in  diameter  at  the  end  intended  for  the  reception  of  the 
haft.  There  can  be  little  or  no  doubt  that  it  lay  on  the  Stalagmitic  Floor 
before  Mr.  MacKnery  entered  the  Cave,  and  that  ho  failed  to  observe  it. 

The  only  object  found  in  the  (Jranular  Stalagmitic  Floor  (that  overlying 
the  Cavo-eurth)  was  a  tine  ox  iniKnniiinttnn  of  a  rhinoceros,  Xo.  f>74.'J. 

In  the  intact  Cave-earth  about  1000  teeth  of  various  kinds  of  mammals 
were  met  with,  and  in  the  ratios  shown  in  the  following  Table: — 

TAHLK  IV. — Showing  how  many  per  cent,  of  the  teeth  found  in  Cave-earth 
in  the  Cave  of  Rodentia  belonged  to  the  different  kinds  of  Mammals. 


Kyiemi   41     per  cent. 

Horse L'S 

Rhinoceros 0-5        »» 

Megaceros     4  ,, 

Deer 4  „ 

Hear tt  „ 

Ox    2 


Reindeer l-,5  per  cent. 

Elephant 1            ,, 

Lion 1            ,, 

Sheep    •;">         „ 

Fox 1  tooth  only. 

Wolf 1  tooth  only. 


Tn  certain  parts  of  tho  Cave  the  Cave-earth  was  found  intact  in  every 
Level ;  in  others  the  uppermost  Foot-level  only  had  been  broken  up,  leaving 
the  second,  third,  and  fourth  undisturbed;  whilst  in  a  third  area  the  two 
lower  Levels  alone  had  not  been  touched.  The  second  group  occupied  an 
area  of  but  limited  extent,  and  needs  no  further  notice,  but  the  distribution 
of  tho  teeth  in  the  first  and  third  are  shown  in  the  following  Tables : — 
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TABLE  V.— Showing  the  distribution  of  the  Teeth  of  the  different  kinds  of 
Mammals  in  each  of  the  four  Foot-levels  of  thirteen  Parallels  of  Cave- 
earth  in  the  Cave  of  Rodentia. 
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TABLE  VI. — Showing  the  distributicm  of  the  Teeth  of  the  different  kinds  of 
Mammals  in  the  third  and  fourth  Foot-levels  of  fourteen  Parallels  of 
Cave-earth  in  the  Cave  of  Rodcntiu. 
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In  the  material  which  Mr.  MacEnery  had  excavated,  examined,  and  thrown 
aside  in  this  Cave,  about  130  teeth  were  found,  which  may  be  apportioned  as 
in  the  following  Table  : — 

TABLE  VII. — Showing  how  many  per  cent,  of  the  Teeth  found  in  the  dis- 
turbed material  in  the  Cave  of  Kodentia  belonged  to  the  different  kinds 
of  Mammals. 


Hyaena 37     per  cent. 

Horse   31  „ 

Deer 12-5        „ 

Rhinoceros 8  „ 

Bear 3  „ 

It  has  already  been  mentioned  that  there  were  two  recesses  in  this  Cave 
into  which  Mr.  MacEnery  did  not  enter.     One,  in  the  north-east  corner, 


Ox   3  per  cent. 

Rabbit     3        „ 

Reindeer 1  tooth. 

Wolf    1      „ 

1      „ 
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measuring  4  feet  long  by  4  feet  broad,  yielded  36  teeth  of  hyaena,  5  of  deer, 
4  of  horse,  4. of  rhinoceros,  2  of  ox,  a  portion  of  an  elephant's  tusk,  numerous 
bones,  and  1  flint  flake.  The  other,  in  the  opposite  corner  of  the  Cave, 
measured  9  feet  by  8  feet,  and  was  found  to  contain  101  teeth  of  hyaena 
(many  of  them  in  parts  of  jaws,  all  having  lost  their  condyles),  107  of  horse, 
40  of  rhinoceros,  1(5  of  deer,  10  of  bear,  8  of  megaccros  (of  which  5  were  in 
part  of  a  lower  jaw),  5  of  elephant,  5  of  ox,  5  of  sheep,  4  of  lion,  1  of  fox,  a 
great  number  of  bones,  balls  of  coprolite,  1  flake  of  flint  and  2  of  chert. 

The  following  are  among  the  noteworthy  specimens  found  in  the  Cave  of 
liodentia : — 

Part  of  the  left  upper  jaw  of  a  bear  (No.  f>740),  containing  the  last  three 
molars,  which  are  not  much  worn,  This  specimen  is  in  a  good  state  of  pre- 
servation, and  was  found  November  18,  1871,  in  the  third  Level  of  Cave- 
earth,  with  2  teeth  of  hyaena,  1  of  lion,  and  1  of  elephant. 

Part  of  the  right  upper  jaw  of  a  bear  (No.  5745),  containing  the  last  three 
molars,  which  are  somewhat  worn.  This  specimen,  which  is  not  well  pre- 
served, was  lying  with  a  portion  of  probably  the  same  head  in  a  corresponding 
condition,  arid  containing  1  canine  of  great  size.  They  wore  found  November 
20,  1871,  in  the  second  Level  of  Cave-earth,  with  1  tooth  of  hysrna. 

A  canine  of  a  bear  (No.  5740),  much  worn,  and  having  a  fang  5*1  inches  in 
girth.  It  wus  found  November  22,  11*71,  in  the  second  Level  of  Cave-earth, 
with  1  tooth  of  horse. 

Portion  of  an  elephant's  tusk  (No.  5764),  measuring  10  inches  long  and  6*5 
inches  in  girth — the  largest  specimen  of  the  kind  the  Committee  have  met 
with  in  the  Cavern.  It  is  partially  invested  with  stalagmite,  to  which  a  few 
small  angular  stones  adhere,  and  on  its  surface  there  are  teeth-marks  of 
hyrcna.  It  was  found  November  27,  1871,  in  the  first  Level  of  Cave- earth, 
with  2  teeth  of  hyiena,  and  gnawed  fragments  of  bone. 

A  very  small  tooth  of  an  elephant  (No.  5774)  with  two  diverging  fangs.  It 
was  found  December  2,  1S71,  in  the  fourth  Level  of  Cave-earth.  On  account 
of  its  very  small  sixe  and  unusual  fang  it  was  forwarded  to  Mr.  Busk,  who 
has  furnished  the  following  remarks  on  it  :  — "  r  A  ,,  milk-molar  of  Elcplws 
prhniijniim.  As  this  tooth  is  only  one  half  the  size  of  the  tooth  usually, 
but  erroneously,  regarded  as  the  m.-m.  1,  I  consider  that  it  represents  the 
very  rare  occurrence  of  a  true  m.-m.  1.  If  not,  it  is  the  smallest  tooth  of 
the  kind  1  am  acquainted  with,  except  in  the  Maltese  dwarf  elephants  (vide 
my  paper  in  Zool.  Trans,  vol.  vi.  pi.  5:5.  fig.  2).  The  proper  dimensions  of 
m.-m.  2  in  Khjtha*  primiynrius  are  about  *8  inch  X  '7  inch,  and  the  smallest 
I  have  seen  of  Kl.  intlicuit  is  •(>  x  "4S  ;  whilst,  a  tooth  in  the  Zebbug  collection 
is  -4  x  '^2,  and  the  present  one  -45  x  'X,  or  nearly  the  same.  One  objection, 
however,  mul  that  a  strong  one,  to  the  present  tooth  being  really  m.-m.  1, 
arises  from  its  having  two  divergent  fangs,  while  the  Zebbug  tooth  has  only 
one,  or  two  connate  into  one.  This  is  a  very  curious  specimen,  and,  as  re- 
gards the  elephant,  of  remarkable  interest." — (Signed)  OKORGK  MUSK. 

Several  good  specimens  of  coprolito  were  met  with  both  in  the  Cave  of 
liodentia  and  the  Wolfs  Cave. 

Five  implements  and  flakes  of  Hint  and  chert  were  found  in  the  former 
Cave,  but  none  of  them  rank  amongst  the  best  of  the  Cavern  series;  indeed 
one  only  (No.  5741)  requires  special  description.  It  is  a  light  grey  flint, 
rudely  oval  in  form,  irregularly  convex  on  both  faces,  2-8  inches  long,  2*4 
inches  broad,  and  -05  inch  in  greatest  thickness.  Though  it  has  undergone 
a  considerable  amount  of  chipping,  and  is  reduced  to  an  edge  all  round,  it-  is 
by  no  means  a  well-finished,  but  was  probably  a  very  efficient,  "  scraper/' 
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It  was  found  November  18,  1871,  with  5  teeth  of  hyoona,  2  of  megaccros, 
1  of  horse,  and  1  of  rhinoceros,  in  the  third  Level  of  Cave-earth. 

Besides  the  implements,  there  is  a  piece  of  chert  having  the  form  of  a  rude 
triangular  pyramid,  3-2  inches  high,  its  scalene  hase  hoing  3*13  inches  long 
and  1-2  inch  broad.  It  was  found  November  30,  1871,  with  2  teeth  of 
hytcua,  8  of  horse,  and  1  of  ox,  in  the  third  Level  of  Cave-earth.  Its  form 
is  scarcely  indicative  of  an  artificial  origin  ;  and  though  its  edges  are  some- 
what rounded,  it  docs  not  seem  possible  for  it  to  have  been  transported  by 
natural  agency  from  the  nearest  locality  in  which  such  material  is  now  found 
in  situ,  without  being  much  more  rounded  than  it  is. 

Before  proceeding  to  another  branch  of  the  Cavern,  the  Committee  would 
remark  that  they  commenced  their  investigation  of  this  Wolfs  Cave  on  July 
12,  1871,  and  from  that  time  until  they  hud  reached  its  termination,  as  well 
us  that  of  its  offshoot,  the  Cave  of  Itodctitia  (a  period  of  nearly  six  months), 
they  cherished  the  hope  that,  like  Mr.  MacEnery,  they  might  find  some  remains 
of  Alacliairodus  lattdens.  During  their  progress  they  were  daily  face  to  face 
with  their  energetic  predecessor's  labours,  and  from  time  to  time  met  with 
the  tools  with  which  they  were  performed*;  but  they  bad  finally  to  leave 
the  two  Caves  on  December  30,  1871,  with  a  feeling  of  great  disappointment 
that  neither  amongst  the  many  hundreds  of  specimens  which  Mr.  MacKnery 
had  left  in  his  broken  ground,  nor  in  the  Cave-earth  remaining  intact  beside 
and  beneath  his  diggings,  had  they  met  with  any  trace  of  the  great  object 
and  hope  of  their  search. 

MacEnery  states  that  he  found  the  famous  canines  "in  diluvial  mud  mixed 
with  teeth  and  gnawed  bones  of  rhinoceros,  elephant,  horse,  ox,  elk,  and  deer, 
with  teeth  and  bones  of  hyienas,  bears,  wolves,  foxes,  ifce/'f,  and  that  he 
subsequently  discovered  an  incisor  of  the  same  species  in  the  same  bod  J.  It 
will  be  seen  from  Table  II L,  given  above,  that,  with  scarcely  any  other 
exception  than  that  of  AlacJidirrHlus,  such  an  assemblage  of  remains  as  he 
enumerates  was  actually  found  by  the  Committee  in  the  very  .soil  which  he 
had  examined  and  cast  aside ;  and  from  Table  I.,  that  of  the  animals  in  his 
list,  just  quoted,  the  great  sabre-toothed  IVHs  was  the  only  one  which  failed 
to  present  itself  when  the  Committee  broke  up  the  undisturbed  Cave-earth 
lying  below  that  which  yielded  the  canines  and  incisor.  When  to  this  it  is 
added  that  the  most  careful  search  by  the  Committee  failed  to  detect  in  the 
Cave-earth  which  they  excavated  any  remnant  of  the  older  Cavern  deposit, 
and  that  MacEnery  was  struck  with  the  fact  that,  though  "  delicately  edged," 
the  canines  were  found  quite  uninjured  in  the  miflst  of  the  shattered  hones  §, 
a  strong  case  seems  to  be  made  out  in  favour  of  the  propositions  that  Aluchttir- 
odus  belonged  to  the  Devonshire  Cave-earth  fauna,  and  that  his  remains 
found  in  Kent's  Cavern  were  not  redeposited  fossils. 

Tlie  Charcoal  Cave. — Two  passages  open  out  of  the  south-west  corner  of 
the  Sloping  Chamber,  opposite  the  entrance  of  the  Wolfs  Cave.  The  more 
important  is  of  considerable  length,  and  leads  in  a  south- westerly  direction 
to  a  series  of  large  chambers,  in  which  the  Committee  have  not  yet  under- 
taken any  researches.  Mr.  MacEnery  designated  this  the  "  Long  Arcade." 

Very  near  its  mouth  is  the  entrance  of  the  second  passage,  to  which,  for  a 

*  The  tools  were  two  hammers,  a  small  chisel,  a  trowel,  and  an  iron  scraper.  Tt  cannot 
be  necessary  to  state  that  these  mementos  of  him  who  first  imido  the  Cavern  famous  have 
been  carefully  preserved. 

t  See  "Tlate  F,"  'Cavern  Researches,'  edited  by  E,  Vivian,  Esq.,  1851). 

J  See  Tra-ns.  Devon.  Assoc.  vol.  iii.  p.  370.  §  Ibid.  p.  294. 
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reason  which  will  shortly  appear,  the  Superintendents  have  given  the  name 
of  the  "  Charcoal  Cave/'  This  passage  the  Committee  proceeded  to  explore 
before  undertaking  the  Arcade. 

It  extends  on  the  whole  in  a  southerly  direction  for  a  distance  of  upwards 
of  50  feet,  varying  from  5  to  1»J  feet  in  breadth,  and  throughout  the 
first  half  of  its  length  maintaining  a  tolerably  uniform  height  of  from  9  to 
10  feet.  At  10  feet  from  the  entrance  it  sends  off  a  branch  in  an  easterly 
direction,  and  at  2(>  feet  a  second  branch  towards  the  south-west;  re- 
solving  itself,  in  short,  into  three  passages,  which  ultimately  reunite,  and 
may  conveniently  bo  termed  the  "  Northern,"  "  Central/'  and  "  Southern  " 
branches.  They  have  all,  but  especially  the  northern,  the  aspect  of  long- 
continued  watercourses  fretted  by  the  subsequent  and  unequal  action  of 
acidulated  water.  Mouths  of  " Hues"1  present  themselves  in  the  roofs  and 
walls  ;  but  none  of  them  have  any  traces  of  earthy  matter,  and  few  are  lined 
with  stalactite.  The  branches  are  subject  to  a  very  copious  drip  very  soon 
after  rains,  but  no  portion  of  it  enters  through  the  Hues  just  mentioned. 

At  IS  feet  from  the  entrance  of  the  Cave  a  thin  layer  of  black  matter, 
nmong  which  charcoal  was  conspicuous,  was  observed  lying  on  the  surface  of 
the  Stalagmitic  Floor,  where  it  covered  an  area  of  about  2  square  foot.  It 
was  thought  to  be  proinbly  the  remains  of  a  fire  kindled  by  sonic  recent 
visitors  to  the  Cavern,  though  the  place  seemed  an  unlikely  one  for  such  a 
purpose,  the  roof  being  no  moro  than  4  feet  above  the  floor  before  the  exca- 
vation, and  the  narrow  passage  being  very  seldom  entered  by  visitors.  The 
whole  of  the  material  was  carefully  collected,  and,  on  being  washed  and 
examined,  yielded  the  following  assemblage  of  objects  :— Small  rough  pieces 
of  stalagmitie  matter;  bits  of  charcoal,  some  of  them  incorporated  in  the 
stalagmitic  matter  just  mentioned  ;  upwards  of  a  dozen  small  pieces  of  very 
coarse  friable  pottery,  of  a  reddish  colour,  without  any  trace  of  ornamenta- 
tion, and  in  all  probability  parts  of  one  and  the  same  vessel  ;  two  unworn 
lower  kk  wisdom  teeth"  of  a  human  subject;  a  few  entire  phalangeal  bones, 
apparently  of  an  individual  barely  mature  ;  part  of  an  ulna,  of  a  pelvis,  of  a 
vertebra,  of  ribs,  and  numerous  small  fragments  of  bone ;  an  almost  perfect 
left  lower  jaw  of  a  fox,  containing  the  canine  tooth  and  five  molars;  a  few 
incisors  and  bones  of  small  rodents. 

In  accordance  with  the  practice  invariably  followed  since  the  commence- 
ment of  the  explotation,  the  water  in  which  the  objects  just  mentioned  were 
washed  was  passed  through  a  fine  sieve  for  the  purpose  of  detecting  minute 
objects  of  interest.  This  water  was  almost  black  from  the  fine  matter  held 
in  suspension,  and  which,  on  being  deposited  and  dried,  proved  to  be  tine 
silt  coloured  with  charcoal. 

As  earlier  explorers  of  the  Cavern  bad  in  one  place  in  this  Cave  attempted 
to  break  through  the  Stalagmitic  Floor  at  a  point  further  in  than  the  spot 
occupied  by  the  black  material,  and  must  have  frequently  trampled  on  it, 
there  is  no  difficulty  in  accounting  for  tho  broken  condition  of  the  pottery, 
the  charcoal,  and  most  of  the  bones.  It  is  scarcely  necessary  to  observe  that 
the  Charcoal  C.ive  takes  its  name  from  the  patch  of  black  matter  just 
described. 

Mr.  Charles  ttodway,  a  distinguished  dentist  of  Torquay,  to  whom  the 
human  teeth  mentioned  above  were  submitted,  was  so  good  as  to  furnish  the 
following  note  respecting  them  : — 

"Torquay,  June  11,  1872. 

"My  DKAH  SIK, —  f.  have  examined  tho  two  teeth  you  brought  me,  and 
they  are  right  and  left  inferior  '  denies  sapicntUis'  of  a  human  being.  They 
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arc  the  teeth  of  a  subject  between  the  age  of  15  and  20  years,  judging  from 
the  undeveloped  state  of  the  roots,  which  later  in  life  would  be  longer,  with 
the  pulp-cavity  at  the  apices  considerably  smaller.  I  notice  upon  the  lingual 
surface  of  the  left  tooth  what  1  take  to  be  a  deposit  of  salivary  calculus,  which 
leads  mo  to  suppose  that  they  were  already  erupted  from  the  gum,  although 
not  sufficiently  risen  to  have  been  used  in  mastication,  as  the  enamel  on  the 
masticating-surface  does  not  appear  to  have  been  subjected  to  friction.  It  would 
be  impossible  to  say  whether  they  are  the  teeth  of  a  male  or  female  ;  but  from 
their  strong  likeness  they  are  unquestionably  the  teeth  of  the  same  person. 

"  Yours  truly, 
(Signed)         "  CHARLES  BODWAY,  S.D.,  Li.  ll.C.S." 

With  the  exception  of  the  jaw  of  a  fox,  and  the  incisors  and  bones  of 
rodents,  all  the  osseous  remains  were  believed  by  the  Superintendents  of  the 
Exploration  to  be  those  of  a  human  subject  of  about  the  ago  indicated  by  the 
wisdom  teeth,  and  were  all  forwarded  to  Mr.  0.  Busk,  who  has  furnished  tho 
following  Report  on  them,  confirming,  with  a  few  exceptions,  their  human 
character.  The  specimens  were  twenty  in  all,  and  were  numbered  T^P 

3^7T»  an(^  so  on» 

Mr.  Busk's  Report. 

"  No.  T^Vl'  Fragment  of  left  ilium  ;  probably  female  ;  age  unascer tamable. 

"  2.  Not  human. 

"  3.  The  sternal  end  of  a  human  clavicle. 

"4.  First  phalanx  of  third  finger,  right  hand;  entire,  but  with  the 
epiphysial  line  of  junction  quite  distinct ;  age  18  to  20. 

"5.  Portion  of  body  of  lumbar  vertebra,  showing  that  the  epiphyses  were 
ununited  ;  age  the  same. 

"  6.  A  fragment  of  the  sacrum. 

"  7.  First  phalanx  of  fourth  finger,  right  hand,  with  the  opiphyses  detached. 

"  8.  Second  phalanx  of  right  thumb. 

"  9.  Upper  end  of  right  ulna,  of  rather  peculiar  form  ;  the  peculiarity  con- 
sisting in  the  straightness  of  the  posterior  angle  and  the  breadth  of  the 
square  anterior  face.  Epiphyses  quite  united  ;  but  as  this  union  takes 
place  at  16  years,  the  bone  probably  belonged  to  the  same  individual  as  the 
above. 

«  10.  Shaft  of  humoriiH  (?)  of (?).     Not  human. 

u  11.  Fragment  of  second  right  metacarpal. 

"  12.  Distal  portion  of  first  metacarpal,  or  phalanx  of  thumb. 

"  13.  Fragment  of  the  shaft  of  a  clavicle,  of  slender  make. 

"  14.  Fragment  of  the  left  isehium  of  a  young  ruminant  of  the  size  of  the 
ibex,  or  a  large  goat ;  but  may  be  by  chance  a  young  red-deer — not  reindeer, 
nor  fallow-deer,  nor  roebuck. 

"  15.  llight  cuneiforme  bone. 

"16.  llight  pisiform  bone. 

*'  17.  First  phalanx  of  fourth  toe. 

"  18.  Second  phalanx  of  fifth  toe. 

"  19.  Third  phalanx  of  third  finger. 

"  20.  Second  phalanx  of  toe. 

(Signed)          u  (IKOIWK  BFSK." 

"32  Ifarley  Street,  July  29,  1872." 

The  Superintendents  incline  to  the  opinion  that.,  since  the  age  of  the  sub- 
ject to  whom  Mr.  Busk  ascribes  the  bones  harmonizes  with  that  of  the  person 
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to  whom  Mr.  Hod  way  says  the  teeth  belonged,  all  the  remains  are  portions 
of  the  same  skeleton,  and  that  they  had  been  preserved  in  a  cinerary  urn  of 
which  the  potsherds  found  with  them  were  fragments. 

There  was  a  continuous  Stalagrnitic  Floor  from  the  entrance  of  the  Char- 
coal Cave  to  19  feet  within  it,  except  at  one  place,  where  it  did  not  quite  ex- 
tend from  wall  to  wall.  In  the  next  5  feet  the  Cave-earth  was  without  any 
covering,  but  at  25  feet  from  the  entrance  a  floor  again  presented  itself.  It 
was  of  the  usual  character,  varied  from  2  to  12  inches  thick,  and  near  the 
entrance  there  was  in  it,  about  2  inches  below  the  surface,  a  thin  layer  of 
carbonaceous  matter. 

In  the  northern  branch  the  floor  was  everywhere  continuous,  arid  varied 
from  18  inches  thick  at  the  entrance  to  1  inch  at  the  inner  end.  In  the 
central  branch  the  floor  was  but  partial,  never  exceeded  9  inches  thick,  and 
was  occasionally  no  more  than  a  mere  film,  lu  one  or  two  instances  pieces 
of  Old  Crystalline  Floor  were  incorporated  in  it.  There  was  very  little  floor 
in  the  southern  branch. 

Remnants  of  an  old  floor  In  situ,  extending  from  wall  to  wall,  presented 
themselves  in  each  of  the  branches,  always  at  some  height  above  the  Cave- 
oarth.  They  were  indications,  of  course,  of  the  former  existence,  and  at 
least  partial  dislodgcment,  of  a  deposit  older  than  the  Cave-earth,  and  which 
there  attained  a  higher  level.  The  most  considerable  of  them  was  in  the 
central  branch:  it  was  from  9  to  JO  feet  long,  3  inches  thick  ;  its  upper 
surface  was  1*5  foot  below  the  limestone  roof,  and  its  lower  surface  4  feet 
above  the  granular  Stalagmitic  Floor,  the  spaces  between  it  and  the  ru«v>f 
above,  and  the  ordinary  floor  below,  being  quite  unoccupied.  The  remnants 
in  the  other  branches  differ  from  this  in  their  measurements  only. 

With  exceptions  in  portions  of  the  central  and  southern  branches,  to  be 
noticed  immediately,  the  mechanical  deposit  in  the  Charcoal  Cave  was  true 
Cave-earth.  At  the  entrance,  and  for  about  11  feet  within,  it  contained  an 
unusually  great  number  of  fragments  of  limestone  from  top  to  bottom  of  the 
section.  Beyond  ihe  point  just  specified,  up  to  IS  feet  from  the  entrance, 
such  fragments  were  rare,  except  in  the  uppermost  Foot-level,  where  they 
still  abounded  ;  their  place  below  being  taken  by  a  few  pieces  of  red  grit, 
some, of  which  were  fossil iferous,  whilst  the  Cave-earth  Irccame  very  sandy. 

From  the  first  to  the  second  bifurcation  of  the  Cave,  as  well  as  for  a  few 
feet  within  each  branch,  the  Cave-earth  was  no  more  than  from  1  to  3*5  feet 
deep,  and  rested  on  a  continuous,  but  very  uneven,  limestone  floor — an 
instance,  and  probably  the  only  one  yet  known  in  the  Cavern,  of  this  floor 
being  reached. 

In  the  northern  branch  the  deposit  was  true  Cave-earth  throughout.  In 
the  central  one  the  Cave -earth  contained  a  few  pieces  of  Old  Crystalline 
Floor,  and  throughout  the  innermost  10  feet  rested  immediately  on  the  old 
dark  red  .Breccia,  found  elsewhere  in  the  Cavern  beneath  the  Crystalline 
Stalagmitic  Floor.  In  the  southern  brunch  nothing  but  true  Cave-earth  was 
found  from  the  entrance  to  8  feet  within  it ;  but  beyond  that  to  the  end,  a 
distance  of  1 7  feet,  from  the  base  of  the  section  to  2*5  and  even  3  feet  above 
it,  the  entire  accumulation  was  the  old  dark  red  Breccia,  rock-like  in  its 
cohesion,  continuous  from  wall  to  wall,  and  clearly  in  situ, 

It  may  be  well  at  this  point  to  give  a  brief  recapitulation  of  the  facts  as 
they  presented  themselves  in  ascending,  but  not  necessarily  chronological, 
order,  in  the  same  vertical  section,  in  the  central  and  southern  branches  :  — 

First,  or  Lowest.  -Dark  red  rock-like  Breccia,  at  least  largely  composed  of 
angular,  subangular,  and  rounded  fragments  of  Devonian  grit,  derivable 
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from  the  adjacent  loftier  hills,  but  not  from  the  comparatively  low  one  in 
which  the  Cavern  occurs.  Its  depth  is  unknown,  as  its  base  has  not  been 
reached. 

Second.  Cave-earth,  consisting  of  a  somewhat  light  red  loam  and  generally 
about  50  per  cent,  of  angular  fragments  of  limestone,  with  an  occasional 
pebble  not  derivable  from  the  Cavern-hill.  Its  depth  was  variable,  but  never 
less  than  1  foot. 

Third.  A  floor  of  granular  Stalagmite,  from  1  to  1 8  inches  thick. 

Fourth.  An  unoccupied  space  from  1  to  4  feet  high. 

Fifth.  A  floor  of  Crystalline  Stalagmite  from  3  to  4  inches  thick. 

Sixth.  An  unoccupied  space  from  1  to  3*5  feet  high. 

Seventh.  The  limestone  roof  of  the  Cave. 

Were  we  to  speculate  on  the  history  of  the  Charcoal  Cave  as  indicated  in 
the  facts  just  described,  we  should  find  ourselves  taken  back  to  the  time  when 
it  was  formed,  not  by  any  convulsion,  but  by  the  actual  and  probably  gradual 
removal  of  the  limestone  which  once  filled  the  entire  space  between  the  walls, 
as  is  shown  by  the  unfissured  roof  and  the  continuous  limestone  floor. 

Secondly,  HO  far  as  can  be  ascertained,  the  introduction  of  angular,  sub- 
angular,  and  rounded  pebbles  of  dark  red  grit,  with  sandy  mud  derived  from 
their  attrition,  until  the  Cave  and  its  branches  were  filled  almost  to  the  roof. 

Thirdly,  the  introduction  of  materials  from  without  having  ceased,  the 
Breccia  which  had  accumulated  was  hermetically  sealed  up  with  a  cake  of 
Crystalline  Stalagmite,  from  3  to  4  inches  thick — the  result  of  the  slow  solu- 
tion and  precipitation  of  calcareous  matter. 

Fourthly,  the  Crystalline  Stalagmite  was  partially  broken  up,  and  a  portion 
of  the  Breccia  was  dislodged,  the  removal  being  more  complete  in  some  parts 
than  in  others. 

Fifthly,  again  there  was  introduced  a  mechanical  deposit,  but  instead  of 
dark  red  grit  and  sandy  mud,  it  consisted  of  a  light  red  loam  and  angular 
fragments  of  limestone  of  various  sizes,  It  did  not  attain  to  so  great  a  height 
as  the  previous  deposit  of  dark  red  material. 

Sixthly,  a  floor  of  Stalagmite,  differing  from  the  former  in  being  granular 
instead  of  crystalline,  was  formed  on  the  red  loum  or  Cave-earth,  at  a  lower 
level  than  that  which  sealed  up  the  Breccia. 

Seventhly  and  lastly,  this  latter  floor  being  completed,  there  was  placed  on 
it  a  small  cinerary  urn,  containing  human  bones  and  bits  of  charcoal. 

But  to  return.  The  deposits  in  the  Charcoal  Cave  were  by  no  means  rich 
in  osseous  remains.  The  granular  stalagmite  yielded  a  few  unimportant 
bones  only,  and  in  the  Cave-earth  there  was  but  a  comparatively  small 
number  of  bones,  and  no  more  than  85  teeth.  The  latter  belonged  to  different 
kinds  of  mammals  in  the  ratios  shown  in  the  following  Table  : — 

TABLE  YIII. — Showing  how  many  per  cent,  of  the  Teeth  found  in  Cave-earth 
in  the  Charcoal  Cave  belonged  to  the  different  kinds  of  Mammals. 


Horse    33     per  cent. 

Hyaena 29-5        „ 

Fox 12 

Rhinoceros 10-5        „ 

Badger 6 


Bear 3'5  per  cent. 

Wolf    2-5 

Elephant 1  „ 

Ox    1 

Sheep    1  „ 


There  were  but  thirteen  of  the  Parallels  consisting  of  Cave-earth  from  top 
to  bottom  of  the  4-feet  sections  which  contained  teeth,  and;  these  amounted 
to  no  more  than  31  in  number.  Their  distribution  is  shown  in  the  following 
Table:— 
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TAUT.R  IX. — Showing  the  distribution  of  the  Teeth  of  the  different  kinds  of 
Mammals  in  each  of  the  four  Foot-levels  of  thirteen  Parallels  of  Cave- 
earth  in  the  Charcoal  Cave. 


No.  of  Parallels  containing  teeth  in  1st   Level  . .  . 

2nd      „  ... 
„                 ,,                 „             .'Jrd      „ 

4th       „  ... 

„                 ,,                 ,,             all  Levels  . . . 


Total  No.  of  teoth  in  1st   Level 
2nd     „ 
3rd      „ 
4th      „ 

„  ,,  all  Levels 


o 

w 

a 
£ 

Khinooeros. 

« 

Elephant. 

& 

d. 

4 
2 
1 
2 

2 
2 

3 

0 

1 
0 
0 
1 

1 
0 
0 
0 

0 
0 
1 
0 

0 
0 
0 

1 

1 
0 
0 
0 

7 

7 

2 

1 

1 

1 

1 

7 
4 
3 
2 

2 

2 
3 
2 

1 
0 
0 
1 

1 

0 

0 
0 

0 

? 

0 

0 

0 
0 

1 

1 

0 
0 
0 

16 

0 

2 

1 

1 

1 

1 

The  following  may  be  mentioned  amongst  noteworthy  bones  found  in  the 
Charcoal  Cave : — The  distal  end  of  a  tibia  (No.  5900),  an  astragalus,  and  the 
proximal  end  of  an  os  calcis  of  horse,  all  inosculated  in  true  anatomical  posi- 
tion as  when  clothed  with  flesh,  thus  intimating  that  they  were  so  clothed 
when  lodged  where  they  were  found.  The  fractured  end  of  the  tibia  affords 
decided  evidence  of  the  powerful  jaws  of  the  hyaena.  With  the  specimens 
were  found  another  distal  end  of  a  tibia  of  horse,  a  metatarsus  of  horse,  a 
metatarsus  of  reindeer,  part  of  an  antler,  a  rather  small  astragalus,  and  a 
gnawed  bone.  They  were  lying  but  little  below  the  surface  of  the  Cave-earth, 
where  it  was  not  more  than  lv>  foot  deep,  almost  in  contact  with  the  roof  of 
the  southern  branch,  and  deposited  on  the  old  dark  red  Breccia  ;  and  they  were 
extracted  June  0,  1872,  in  the  presence  of  one  of  the  Superintendents. 

In  a  precisely  similar  situation,  and  but  one  foot  from  the  objects  just 
named,  a  metacarpus  of  horse  and  a  large  atlas  were  found  two  days  after. 

On  April  22,  1872,  there  were  found  on  the  surface  of  the  Cave-earth 
upwards  of  600  bones  of  rodents  all  lying  together;  and  on  the  llth  of  the 
same  month  nearly  800  small  stalagmitic  bodies,  which  may  be  likened  to 
rather  large,  ill-shapen,  rugose  marbles,  were  found  in  a  heap  on  the  Cave- 
earth,  in  a  small  recess  in  the  wall  of  the  southern  branch,  with  two  hazel- 
nut-shells  and  a  piece  of  bone.  On  May  1 7  a  similar  but  smaller  heap,  con- 
taining about  100  such  "marbles/'  with  a  toothless  fragment  of  jaw,  was 
met  with  in  a  position  precisely  like  the  former.  Several  coprolites  were 
found  in  the  Charcoal  Cave. 

One  small  iiiike  of  white  flint  (No.  f5S99)  was  found  in  the  southern  branch 
on  May  22, 1872.  It  may  be  dismissed  with  the  remark  that  it  lay  in  the  first 
Level  of  Cave-earth  with  2  teeth  of  hyaena. 

Bones  and  teeth  were  found  in  the  old  dark  red  Breccia  in  the  central  and 
southern  branches.  The  bones  were  much  broken  in  digging  them  out,  on  ac- 
count of  the  rock-like  character  of  the  Breccia.  The  teeth,  like  those  found  in 
the  same  deposit  in  other  parts  of  the  Cavern,  were  all  of  them  those  of  bear. 

In  their  Fifth  Report  (Exeter,  1 809)  the  Committee  called  attention  to  a 
flake  of  flint  found  in  the  Breccia  in  the  u  Water  Gallery,"  and  pronounced 
by  Mr.  John  Evans,  F.H.S.,  a  Member  of  the  Committee,  to  be  not  only  of 
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artificial  origin,  but  to  have  been  used  by  man  *  ;  and  they  ventured  on  the 
opinion  that,  from  its  being  coeval  with  the  Breccia  (which  must  have  been 
laid  down  long  before  the  deposit  in  which,  so  far  as  the  Cavern  evidence 
goes,  the  first  traces  of  the  Cave-hyoena,  Cave-lion,  mammoth,  and  their  con- 
temporaries were  met  with),  it  was  anthropologically  by  far  the  most  impor- 
tant object  the  Cavern  had  yielded.  From  that  time  the  Committee  have  had 
no  opportunity  of  investigating  this  old  Breccia,  and  hence  no  announcement  of 
further  discoveries  of  the  kind  were  looked  for  in  their  Sixth  or  Seventh  Reports 
(1870  and  1871).  They  are  now,  however,  enabled  to  return  to  the  subject, 
and  to  state  that  the  Breccia  has  yielded  two  additional  flint  implements. 

The  first  of  these  (No.  5900)  was  found  May  22,  1872,  in  the  southern 
branch,  from  1  to  2  feet  deep  in  the  Breccia,  in  which  it  was  firmly  im- 
bedded ;  and  over  this  was  an  accumulation  of  typical  Cave-earth,  having  no 
Stalagmitic  Floor  either  above  or  below  it.  There  were  no  bones  found  near 
the  implement;  but  vertically  above  it,  in  the  Cave-earth,  were  the  small 
flake  of  white  flint  and  the  2  teeth  of  hyu&na  just  mentioned.  It  is  rude  in 
form,  rather  over  5  inches  in  greatest  length,  scarcely  .3  inches  wide,  and 
about  1*5  inch  in  greatest  thickness.  It  exhibits  a  small  portion  of  the  sur- 
face of  the  nodule  from  which  it  was  made,  is  of  a  dull  cream  colour,  and  its 
weight  is  less  than  that  of  ordinary  flints  of  the  same  size ;  in  these  respects 
resembling  some  of  the  tools  found  in  the  Windmill-Hill  Cavern  at  Brixham. 

All  the  dimensions  of  the  second  implement  (No.  51)03)  slightly  exceed 
those  of  that  just  described.  Its  colour  is  a  pinkish  cream ;  one  of  its  surfaces 
is  nearly  flat,  whilst  the  other  is  very  convex,  and  retains  much  of  the  sur- 
face of  the  original  nodule.  One  of  the  Superintendents,  who  assisted  to 
extract  it,  had  the  opportunity  of  studying  it  before  any  attempt  was  made 
to  move  it.  The  Breccia  was  compactly  cemented  together,  and  the  imple- 
ment was  firmly  imbedded  in  it,  at  1  foot  below  its  surface,  above  which  was 
Cave-earth  to  the  depth  of  27  inches,  and,  without  being  covered  with  sta- 
lagmite, reaching  within  3  inches  of  the  roof;  in  other  words,  the  united 
thickness  of  the  two  deposits  overlying  the  tool  was  39  inches.  It  was  di- 
stinctly observed  to  be  fractured ;  and  as  the  severed  portions  were  in  such 
close  contact  as  to  render  the  line  of  junction  almost  microscopic,  it  had  obvi- 
ously been  broken  where  it  lay.  Every  care  was  taken  in  its  removal ;  but  on 
being  extracted  it  fell  into  three  pieces,  one  of  which  remained  firmly  attached 
to  and  incorporated  in  a  lump  of  the  Breccia.  The  fractured  surfaces  showed 
that  its  colour  was  whitish  throughout,  and  that  its  texture  was  granular.  It 
was  found  May  27, 1872,  in  the  southern  branch  of  the  Cave,  about  2  feet  from 
the  specimen  just  described  (No.  5900),  and,  like  that,  had  no  bones  near  it. 

The  excavation  of  the  Charcoal  Cave  and  its  branches  was  completed  July  7, 
1872,  the  labour  of  4-5  months  having  been  expended  on  it. 

The  Lony  Arcade. — The  principal  passage  opening  out  of  the  south-west 
corner  of  the  Sloping  Chamber,  as  already  mentioned,  was  termed  the  Long 
Arcade  by  Mr.  MacEnery  f,  and  the  "  Hyaena  Cloaca  Maxima"  by  Dr.  Buck- 
land  J.  It  has  a  direction  towards  south-west,  and  is  the  great  thoroughfare 
to  the  "  Labyrinth,"  "  Bear's  Den,"  and  "  Cave  of  Inscriptions."  Its  explora- 
tion is  at  present  in  progress.  Up  to  the  end  of  July  about  ten  weeks'  work 
had  been  expended  on  it ;  but  a  very  large  amount  remains  to  be  done  there. 
Mr.  MacEnery  had  commenced  the  exploration  of  the  Arcade,  but  meeting 
with  fewer  fossils  than  he  hoped,  soon  abandoned  it  §. 

*  See  Report  Brit.  Assoc.  1869,  pp.  202,  203. 

t  See  Trans.  Devon.  Assoc.  vol.  iii.  p.  303  (1869).        f  Ibid,  p,  237.        §  Ibid.  p.  290. 
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At  its  entrance  this  branch  of  the  Cavern  is  about  17  feet  in  width  and  13 
in  height.  The  roof  is  the  naked  limestone,  much  fretted  or  honeycombed. 
The  Granular  Stalagmitic  Floor  was  continuous  in  every  direction  and  of  very 
great  thickness.  Its  surface,  for  some  distance,  was  occupied  by  a  series  of 
natural  basins,  bounded  by  stalagmitic  walls  rising  above  the  general  level  of 
the  floor.  They  varied  in  depth  from  an  inch  to  fully  a  foot,  and  in  wet 
seasons  were  constantly  full  of  water.  Similar  basins  occur  in  other  parts  of 
the  Cavern,  but  those  at  the  mouth  of  the  Arcade  (the  great  thoroughfare) 
have  attracted  a  large  amount  of  attention.  Mr.  MacEnery  described  them  as 
"  encircled  with  wavy  walls,  rivalling  the  most  exquisite  works  in  pastry"*. 
When  breaking  up  the  floor  it  was  observed  that  the  bottoms  of  the  basins 
were  formed  of  a  softer  looser  stalagmite  than  that  composing  the  walls,  and 
that  these  dissimilar  characters  extended  vertically  downwards  through  the 
entire  "Floor."  Charcoal  has  been  found  in  a  few  of  them,  and  one  con- 
tained two  or  three  bones. 

At  the  western  wall  of  the  Arcade,  and  several  feet  from  it,  the  Stalagmitic 
Floor  was  never  less  than  4,  and  not  unfrequently  upwards  of  5  feet  thick  ; 
but  at  the  eastern  wall  it  rarely  measured  more  than  2  feet.  The  upper- 
most 6  inches  were  frequently  of  a  dirty  reddish  colour,  as  if  soil-stained  ; 
but  at  greater  depths  it  was  very  pure,  often  granular,  occasionally  flaky,  and 
everywhere  distinctly  laminated. 

At  something  more  than  a  foot  from  the  bottom  of  the  Floor,  there  was 
found  in  every  section  a  roughly  horizontal,  continuous,  black  line,  extending 
from  the  western  wall  of  the  Arcade  to  a  distance,  in  one  instance,  of  7  feet, 
generally  about  a  quarter  of  an  inch  thick,  but  never  exceeding  half  an  inch. 
It  was  due  to  the  presence  of  charcoal,  and,  of  course,  represented  a  thin  sheet 
of  that  material.  It  was  very  carefully  watched  as  the  Floor  was  broken  up, 
but  yielded  no  trace  of  bone  or  of  any  substanre  besides  the  charred  wood. 

This  "  Charcoal  Streak  "  was  observed  and  studied  by  Mr.  MacKnery,  who, 
attaching  great  chronological  importance  to  it,  described  it  no  less  than  four 
times  f.  The  portion  of  the  Floor  in  which  he  found  it  was  not  more,  at 
most,  than  half  the  thickness  of  that  recently  broken  up  by  the  Committee. 
From  his  description  it  appears  to  have  been  horizontal,  midway  from  the 
surface  to  the  bottom  of  the  stalagmite,  from  I  to  2  inches  thick,  about  5  feet 
in  greatest  length  in  any  section,  composed  of  charred  wood  and  straw,  and  to 
have  contained  the  following  objects  imbedded  in  it: — Small  polished  pebbles 
of  white  flint,  shells,  two  portions  of  the  jaw,  a  tusk,  and  some  phalanges  of 
boar,  the  under  jaw  of  a  badger,  bones  of  rabbits  and  rats,  and  cylindrical  bones 
which  J)r.  liuckland,  who  extracted  them,  assigned  to  deer.  The  latter  were 
half-roasted,  and,  with  the  exception  of  the  jaws  of  the  boar,  all  the  bones  had 
been  more  or  less  exposed  to  the  action  of  tire.  No  extraneous  objects  of  any 
kind  were  found  in  the  Floor  above  or  below  the  "  Charcoal  Streak.1' 

The  Committee  have  been  more  fortunate,  having  met  with  bones  in  other 
parts  of  the  stalagmite,  but  all  of  them  below  the  black  line.  The  most  note- 
worthy of  these  are  a  tooth  of  deer  (No.  5818),  a  large  vertebra  (No.  5951), 
and  a  well-worn  tooth  of  hyaena  (No.  59(>9).  In  the  same  deposit  a  piece 
of  black  flint  (No.  5938)  was  found  July  18,  1H72. 

Mr.  MacEnery's  diggings  in  the  Cave-earth  at  the  entrance  of  the  Arcade 
had  in  some  places  been  carried  to  a  depth  of  3  feet  below  the  Stalagmitic  Floor, 
thus  leaving  the  fourth  Foot-level  intact.  They  gradually  became  less  and  less 
deep,  until  at  12  feet  from  the  entrance  they  ceased  entirely.  This  excavated 
material  has  been  carefully  reexamined,  but  contained  very  few  specimens. 

*  Trans.  Devon.  Assoc.  vol.  iii.  p.  23<>.  t  Ibid.  pp.  235,  236,  2C1,  291,  and  33f>. 
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The  deposit  underlying  the  Stalagmitic  Floor  was  typical  Cave-earth, 
having  no  peculiar  characteristics.  Up  to  the  end  of  July  no  trace  of  the 
Breccia  (the  older  deposit)  had  presented  itself,  either  in  situ  or  in  incorpo- 
rated fragments.  It  has  not  proved  to  be  very  rich,  nor  has  it  been  remark- 
ably poor,  in  bones  and  teeth ;  and  it  has  yielded  two  flint  implements.  It 
is  believed,  however,  that  the  lack  of  abundance  will  be  found  to  be  fully 
compensated  by  the  character  and  value  of  at  least  one  of  the  specimens. 

One  of  the  implements  (No.  5819)  is  a  somewhat  mottled  white  flint,  rather 
irregular  in  form,  flat  on  one  face,  doubly  carinated  on  the  other,  3' 3  inches 
long,  !•!  inch  in  greatest  breadth,  and  -4  inch  where  thickest.  It  was  found 
in  the  first  .Foot-level  of  Cave-earth  with  a  portion  of  a  grey  flint  nodule, 
apparently  fractured  artificially. 

The  second  implement  (No.  5829)  is  a  bluish-grey  flint,  semilunar  in  out- 
line, 2*5  inches  long,  1-5  inch  broad,  and  fully  *5  inch  in  greatest  thickness. 
It  was  found,  with  a  tooth  of  hyaena  and  a  tooth  of  horse,  in  the  third  Foot- 
level  of  Cave-earth. 

Up  to  the  end  of  July  120  teeth  and  a  considerable  number  of  bones,  be- 
longing to  various  kinds  of  mammals,  had  been  met  with.  As  the  exploration 
of  the  Arcade  is  not  completed,  it  is  perhaps  undesirable  at  present  to  exhibit 
the  distribution  of  the  teeth  in  a  tabular  form.  The  hy&ua,  as  usual,  takes  the 
lead,  and  is  followed  by  the  horse  and  the  rhinoceros  in  their  usual  places. 

Though,  amongst  the  animal  remains,  several  good  specimens  have  been 
met  with  in  the  branch  of  the  Cavern  at  present  under  notice,  only  two  of 
them  require  special  mention.  One  of  these  (No.  5908)  is  the  right  lower 
jaw  of  a  young  bear,  and,  what  is  very  unusual  in  the  Cavern,  perfect  in  all 
its  parts.  Such,  however,  was  its  fragility  that  it  was  broken  in  taking  it 
out  of  the  deposit.  It  was  found  July  30,  1872,  with  an  additional  canine 
of  a  young  bear  (in  all  probability  belonging  to  the  same  individual)  and  a 
tooth  of  elephant,  in  the  third  Foot-level  of  Cave-earth,  over  which  the 
Stalagmitic  Floor  was  5  feet  thick. 

The  other  specimen  (No.  5962)  is  a  well-marked  incisor  of  Machairodus 
latidens,  found  July  29,  1872,  with  the  left  lower  jaw  of  bear  containing  one 
molar,  in  the  first  or  uppermost  Foot-level  of  Cave-earth,  having  over  it  the 
Granular  Stalagmitic  Floor  2-5  feet  thick.  It  answers  admirably  to  the 
following  description  given  by  MacEnery  of  the  incisor  he  found : — "  The 
internal  face  of  the  enamel  is  fringed  with  a  serrated  border.  This  tooth  is 
distinguished  further  by  two  tubercles  or  protuberances  at  the  base  of  the 
enamel  from  which  the  serration  springs,  and  describes  a  pointed  arch  on  the 
internal  surface The  body  of  the  tooth  in  this  specimen  is  not  com- 
pressed but  rounded  "  *.  He  adds,  "  Whether  this  belongs  to  an  inferior 
species  of  U.  cultridens,  or  [is]  simply  the  incisor  anterior  to  the  canine  of  the 
larger  species  of  U.  cultridens,  I  am  not  able  to  pronounce  with  certainty.  If 
merely  the  incisor,  it  is  still  interesting,  as  it  serves  to  show  that  the  serrated 
character  is  not  confined  to  the  canines,  and  that  the  rest  of  the  teeth,  and 
consequently  the  frame,  are  marked  by  a  peculiar  conformation." 

A  glance  at  the  new  specimen  suffices  to  explain  why  Mr.  MacEnery  was 
uncertain  respecting  the  canine  or  incisive  character.  Indeed  the  workmen 
sent  it  to  the  Secretary  of  the  Committee  under  the  belief  that  it  was  the 
canine  of  a  wolf,  it  being  partially  covered  with  Cave-earth ;  and  its  true 
character  was  detected  whilst  it  was  being  washed,  August  5,  1872. 

MacEnery  states  that  his  incisor,  which  unfortunately  cannot  be  traced, 
was  "  about  an  inch  long"  * — the  expression,  in  all  probability,  of  a  rough 
*  Trans,  Devon.  ABSOC.  vol.  iii.  p.  370. 
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guess,  and  not  of  actual  measurement.  The  incisor  from  the  Cavern  (doubt- 
less that  discovered  and  described  by  MacEnery)  figured  by  Professor  Owen 
in  his  '  History  of  British  Fossil  Mammals,  &c. '  *  very  nearly  corresponds 
in  size  with  its  homologue  just  found.  The  new  specimen  is  slightly  longer 
in  the  crown,  and  somewhat  thicker  in  the  fang. 

The  Committee  cannot  but  feel  that  their  thanks,  as  well  as  those  of  all 
palaeontologists,  are  due  to  the  Committee  of  the  Geological  Section  for  having, 
year  after  year  from  1 864  inclusive,  cordially  applied  for  a  grant  from  the 
funds  of  the  Association  for  the  exploration  of  the  Cavern,  to  the  Committee 
of  Recommendations  for  having  recommended  the  successive  applications,  and 
to  the  General  Committee  for  having  annually  voted  the  sums  applied  for. 
One  of  the  hopes  of  the  Cavern  Committee,  in  commencing  their  researches, 
was  that  they  might  find  some  traces  of  Ma  chat  rod  us.  This  they  have  never 
abandoned,  though  year  after  year  passed  away  without  success ;  and  they 
cannot  but  express  their  gratitude  to  the  body  whose  patience  and  liberality 
has  enabled  them  to  continue  their  labours  until  this  hope  was  realized.  The 
greater  part  of  this  Report  was  written  before  the  discovery  was  made  ;  and 
had  the  work  ceased  on  July  2S,  1S72,  those  who  always  declined  to  believe 
that  Machairodus  had  ever  been  found  in  Kent's  Cavern,  would  have  been 
enabled  to  urge,  as  an  additional  argument,  the  fact  that  the  consecutive, 
systematic,  and  careful  daily  labours  of  7  years  and  4  months  had  failed  to 
show  that  their  scepticism  wan  unreasonable.  This  great  accumulation  of 
negative  evidence  has  been  for  ever  set  aside,  arid  all  doubt  of  Mr.  MacEnery's 
accuracy  for  ever  removed,  by  the  discovery  the  Committee  have  now  had  the 
pleasure  to  announce. 

They  can  now  announce  also  that  Machuirodu*  Itttirfens  and  man  were  con- 
temporaries in  Britain  ;  for  even  if,  notwithstanding  the  great  array  of  facts 
to  the  contrary,  the  former  should  prove  to  have  belonged  to  the  era  of  the 
Breccia,  and  not  to  that  later  time  represented  by  the  Cave-earth,  the  two 
Hint  implements  found  in  the  Breccia,  to  \vhieh  attention  was  called  in  a 
previous  part,  of  this  Report,  as  well  as  that  produced  and  described  at  Exeter 
in  1809,  take  man  back  to  that  earlier  period  also. 


Report  of  the  Committee  appointed  for  the  purpose  of  promoting  the 
Foundation  of  Zoological  Stations  in  different  parts  of  the  I  For  Id. 

THE  Committee  beg  leave  to  report  that,  as  stated  in  the  Report  of  last  year, 
the  Zoological  Station  of  Naples  will  be  ready  and  in  working'  order  in  the 
beginning  of  January  1 873,  the  progress  of  the  const  ruction  being  such  as  to 
enable  Dr.  Dohrn  to  make  this  assertion. 

This  undertaking  has  received  much  official  and  private  assistance,  not  only 
from  public  authorities,  but  in  a  very  high  degree  from  private  persons.  The 
Committee  have  much  pleasure  in  acknowledging  especially  the  extraordinary 
services  rendered  by  Mr.  W.  A.  Lloyd,  of  the  Crystal-Palace  Aquarium,  in  giving 
every  assistance  to  Dr.  Dohrn,  as  far  as  technical  difficulties  are  concerned. 

Special  care  has  been  taken  to  secure  donations  to  the  future  library  of  the 
Station.  The  eminent  firm  of  Engelmann,  in  Leipzig,  has  presented  all  its  works 
on  Biology  not  previously  possessed  by  Dr.  Dohrn.  Vieweg,  in  Brunswick,  has 
also  sent  all  his  publications  on  Biology.  Theodore  Fischer,  in  Cassel,  has  done 

*  A  History  of  British  Fossil  Mammals  and  Birds.  By  Richard  Owen,  P.B.S.,  F.G.S., 
(1846),  p.  182,  fig.  70. 
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the  same.  Important  donations  are  promised  from  Dr.  Alexander  Agassiz,  Cam- 
bridge, Mass.,  comprehending  the  publications  of  both  his  father  and  himself. 

To  secure  the  development  of  the  library  on  a  greater  scale,  it  will  be 
necessary  to  "make  general  applications.  For  this  purpose,  Dr.  Dohrn, 
assisted  by  several  of  the  greatest  German  publishing  firms,  is  preparing  an 
appeal  to  all  German  publishers,  and  hopes  also  to  succeed  with  a  like 
demand  in  Italy.  The  Committee  hope  that  the  British  Association  will 
lend  its  moral  assistance  to  a  similar  demand  in  this  country,  not  only  by 
granting  a  complete  set  of  its  own  publications,  but  by  recommending  a 
similar  act  to  other  scientific  bodies  and  private  persons. 

The  Committee  are  further  glad  to  announce  that  some  Steam  Navigation 
Companies  are  prepared  to  grant  a  free  passage  to  the  Naturalists,  and  free 
transport  for  the  goods  sent  to  or  from  the  Zoological  Station. 

Dr.  Dohrn  contemplates  a  new  step  for  the  purpose  of  securing  a  larger 
income  for  the  Naples  Station.  He  is  about  to  offer  to  several  Governments, 
Universities,  and  Scientific  Bodies  working-tables  in  the  Laboratory  of  the 
Station  for  a  certain  annual  sum.  The  payment  of  this  sum  would  confer 
upon  the  subscribing  Government,  University,  or  Society  the  right  of  appoint- 
ing naturalists,  who,  on  presenting  a  certificate  to  the  administration  of  the 
Station,  would  be  furnished  with  a  working- table  and  admitted  to  a  partici- 
pation in  all  the  other  very  extensive  advantages  of  the  Station. 

The  Committee  think  it  well  earnestly  to  advocate  this  new  step  of  the 
administration  of  the  Naples  Station,  the  more  so  as  it  lessens  the  burden 
of  the  single  naturalist,  enabling  even  such  as  are  destitute  of  means  to 
profit  by  the  manifold  advantages  of  the  Station,  while  it  guarantees  a  fixed 
annual  income  to  the  latter,  which  would  be  employed  in  improving  the 
technical  and  other  means  of  investigation. 


Fourth  Report  on  the  Fauna  of  South  Devon.  By  C.  SPENCE  BATE,  F.R.S. 

IN  presenting  to  this  Association  the  Fourth  Report  of  the  Marine  Fauna  of 
the  South  Coast  of  Devon  and  Cornwall,  it  cannot  he  supposed  that  any  great 
increase  of  novelties,  either  in  species  or  genera,  can  be  added  to  the  forms 
known ;  and  to  recapitulate  those  already  reported  is  unnecessary.  My 
attention  therefore  has  been  directed  more  especially  towards  the  develop- 
ment and  habits  of  animals  that  have  fallen  within  my  range  of  observation. 
Facility  has  been  given  in  this  direction  by  the  establishment  at  Plymouth, 
under  my  suggestion  and  plan,  of  a  marine  pond  for  the  purpose  of  keeping 
and  storing  animals  for  the  aquarium  at  the  Crystal  Palace.  Already  it 
has  given  us  opportunities  of  observing  the  habits  of  animals  that  could 
scarcely  be  obtained  under  any  less  favourable  circumstances.  These  oppor- 
tunities will  become  still  more  numerous  and  valuable  as  the  conditions  of 
the  pond  become  more  adapted  to  deep-sea  species. 

The  pond  is  formed  out  of  a  deep  gully  in  the  limestone  shore,  and  much 
of  it  extends  far  into  a  cave  beneath  the  cliff.  The  pond  is  irregular  in 
shape  and  depth,  and  affords  many  crannies,  nooks,  and  corners  for  animals 
to  live  or  take  refuge  in.  At  the  entrance,  where  the  water  is  deepest,  the 
width  of  the  pond  is  about  eleven  feet,  but  at  other  places  it  is  more  than 
double  that  extent ;  and  when  the  sea  rises  to  the  higher  spring-tides  the  length 
of  the  pond  extends  upwards  of  eighty  feet  from  the  wall  that  separates  it 
from  the  waters  of  the  Sound.  The  rocks,  which  were  formerly  covered  with 
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Fucus,  are  now  matted  with  grass-green  Algae ;  and  with  the  change  the  water 
has  lost  its  foul  and  stagnant  appearance,  and  become  pellucid  and  clean. 

The  following  fish  have  been  taken  on  the  coast  since  the  last  Report,  and 
with  those  already  mentioned  form  a  tolerably  perfect  list  of  the  fish  of  the 
southern  coast  of  Devon  and  Cornwall : — 

List  of  Fishes  taken  off  Plymouth. 
(The  English  names  are  from  Couch.) 


Frequency.         ;      Locality. 

Raia  marginata  (Bordered  Ray)  . 

Common. 
Common. 
Common 

Sound. 
Estuaries. 
Sound. 

» 
>> 

Raia  spinosa  

Squatina  congelus  (Monk-fish)   ... 

Syngnathus  (several  species)   Common    ..  .            ' 

Anguilla  conger  (Conger)    Common      : 

Lepidogaster  cornubiensis  (Cornish  Sucker) 

Not  common  ;  com- 
mon in  some  parts. 
Not  common  i 

Lepidogaster  bimaculatus  (Doubly-spotted  Sucker) 
Solea  vulgaris  (Sole)  

Common    

Rhombus  punctatus,  young  (Miiller's  Topknot)  ... 
Platessa  

Common    

Estuaries. 

Abundant    

Motella  vulgaris  (Three-bearded  Rockling)  

Abundant  

1 

Mcrlangus  pollachius  (Pollack)  

Abundant       .            i 

Sound. 

M 
»> 

Estuaries. 

Sound.  [Hoe. 
Under  the 
Sound. 

Morrhua  luscsa  (Bib,  or  Whiting  Pout)          .  . 

Abundant                   ' 

Morrhua  minuta  (Bower)    

Abundant 

Morrhua  vulgaris  (Whiting)  

Common         .    . 

Clupca  harengus  (Herring)    

Occasional  ly 

Alosa  finta  (Shad,  Maid)  

Occasionally 

Belone  vulgaris  ("Garfish)         .  . 

Common 

Scomboresox  saurus  (Skipper)    ....            .        

Once  only 

Labrus  maculatus  (Ballan  WYasso)    

Abundant 

Labrus  mixtus,  £  &  ^  (Cuckoo  Wrasse)  

Not  common  
Abundant 

Crinilabrus  melops  (Cork  wing)  ... 

Crinilabrus  rupcstris  (Goldsinny)  

Abundant 

Acantholabrus  exolctus  (Rock  Cook)  

Abundant 

Estuaries. 
Sound. 

Estuaries. 
Sound. 

Estuaries. 

Offing. 
Sound. 

» 

Estuaries. 

Offing. 
Estuaries. 

Offing. 
Estuaries. 

Sound. 

Callionymus  lyra,  <?  &  ?  (Yellow  Skulpin)  \  \l 

only  in  Mid  Channel, 

Abundant 

Gobius  ruthinsparri  (Two-spotted  Gobv)      

Abundant 

Abundant 

Blennius  montagui  (Montagu's  Blenny)    

Uncommon 

Blennius  gattorugine  (Gattorugine)   

Not  plentiful  

Blennius  pholis  (Shanny)    

Abundant 

Mursenoiaes  guttata  

Abundant 

Muffil  capito  (Grey  Mullet) 

Abundant 

Abundant 

Zeus  faber  (Doree)    

Not  common  
Common 

Scomber  scombrus  (Mackerel)      ...       .            . 

Common 

Pagellus  eentrodontus  (Bream)  

Common 

Gasterosteus  spinachia  (15-apined  Stickleback)  
Cottus  bubalis  (Lucky  Proaeh)   
Aspidaphorus  cataphractus  (Armed  Bullhead)  
Trigla  cuculis  (Red  Gurnard)  

Common 

|  Common     
Common 

'  Common             

Trigla  hirundo  (Tub-fish)    

Common     
Common      .       .  . 

Trigla  gurnardus  (Grey  Gurnard)  ... 

Mulus  surmulctus  (Surmullet)   

Not  common  
Common 

Trachinus  vipera  (Viper  Weever)    .... 

Not  common 

Serranus  cabrilla  (Comber) 

Not  common 

Labrax  lupus  (Bass)  

Common 
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Most  of  these  have  been  confined  in  the  pond,  where  they  generally  appear 
to  acclimatize  themselves  readily.  The  exceptions  appear  to  be  among  those 
species  whose  habits  are  of  an  erratic  character,  as  the  Mackerel  (Scomber 
scombrus).  Several  specimens  of  this  species  have  been  placed  in  the 
pond,  where  the  imprisonment  alone  seemed  to  operate  prejudicially  upon 
them.  They  appeared  to  roam  from  point  to  point,  seeking  an  outlet ;  but 
finding  none,  they  one  after  another  succumbed  to  their  altered  conditions 
and  died.  But  other  fish  not  only  live  but  thrive  well,  apparently  having  no 
consciousness  of  any  altered  circumstances  in  their  existence.  These,  from  a 
constant  and  close  inspection,  will,  I  hope,  furnish  us  with  opportunities  of 
recording  notes  of  their  habits  and  ways  that  cannot  be  obtained  under  less 
favourable  conditions. 

The  beautiful  Blue  Wrasse  (Labrus  mivtus)  has  already  given  us  an 
instance  that  is  important  in  the  history  of  its  life,  in  the  decided  preference 
it  exhibits  in  sexual  selection.  It  was  not  until  it  bad  been  observed  in 
confinement  that  the  Blue  Wrasse  and  the  Spotted  Wrasse  were  known  to  be 
one  and  the  same  species.  The  male  is  very  much  more  rare  than  the  female, 
and  is  probably  supposed  to  be  more  rare  than  it  is,  from  the  fact  that  those 
that  have  been  confined  in  the  pond  at  Plymouth  appear  to  be  losing  the 
distinguishing  colours  and  assuming  that  of  the  female  as  the  summer  time 
is  passing  on,  so  that  there  is  much  reason  to  believe  that  the  beautiful  deep- 
blue  colour  only  exists,  or  at  least  is  much  more  intense,  during  the  pairing 
or  breeding  time. 

During  this  period  the  male  has  been  seen  io  select  its  special  favourite 
out  of  a  considerable  number  of  females  congregated  in  the  pond,  and  faith- 
fully accompany  her  as  she  swam  about  from  place  to  place.  I  n  accordance 
with  this  same  observation,  Mr.  Alford  Lloyd,  of  the  Crystal-  Palace  Aquarium, 
informed  me  that  when  at  Hamburg  he  had  noticed  this  peculiarity,  and  first 
dr.ew  my  attention  to  it.  He  said  that  having  a  very  handsome  specimen  ot 
the  Blue  Wrasse,  he  placed  him  into  a  tank  of  water  alone :  instead  of 
conducting  himself  like  an  orderly  fish  and  swimming  quietly,  he  for  some 
time  swam  eagerly  about  in  search  of  change ;  but  not  finding  it,  he  took  the 
unusual  freak  of  jumping  out  of  the  tank ;  this  he  did  two  or  three  times. 
Fearing  to  lose  him,  it  was  determined  to  put  another  in  with  him  ;  and  a 
female  specimen  was  selected.  This  appeared  to  have  no  very  favourable  suc- 
cess, for  the  Blue  Wrasse  most  ungallaiitly  chased  her  about,  and  tried  to  drive 
her  from  his  presence.  Another  female  was  selected,  with  the  same  result. 
It  was  then  determined  to  place  the  original  specimen  into  a  tank  in  which 
there  were  several  swimming  peacefully  about,  among  which  were  many  un- 
selected  females.  Immediately  the  transfer  was  made,  the  animal  swam 
amongst  the  forlorn  group  and  fixed  on  one,  by  no  means  the  handsomest  of 
her  sex,  and  selected  her  as  his  mate.  With  this  one  he  was  returned  to  his 
own  tank;  and  here  he  conducted  himself  in  a  peaceful  manner,  never 
attempting  again  to  jump  out  of  the  tank  in  which  he  was  confined. 

I  have  also  to  record  the  capture  of  a  specimen  of  the  Bogue  (Sparus  boons, 
L.),  11£  inches  long;  when  it  was  brought  to  me  it  was  in  a  very  beautiful 
state  of  preservation.  Of  this  species  there  have  been  but  two  or  three  speci- 
mens taken,  and  these  scarcely  so  fine  as  the  specimen  now  recorded.  It 
was  taken  in  a  trawling-net,  and  brought  in  alive,  but  did  not  survive  its 
capture.  The  specimen  is  preserved  in  the  collection  of  the  Museum  of  the 
Plymouth  Institution. 

Mr.  Brooking  Howe  informs  me  that  in  July  last  a  specimen  of  the  German 
or  Long-firmed  Tunny  (Orcynm  alalonya)  was  taken  in  the  Laira  estuary, 
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near  Plymouth.  It  was  9  feet  long  ;  the  tail,  from  tip  to  tip,  was  2  feet 
11  inches  wide;  the  girth  5  feet  11  inches:  it  weighed  800  Ibs.  This  is, 
I  believe,  only  the  fourth  example  mentioned  as  having  occurred  in  Great 
Britain. 

On  the  6th  of  September  last  I  had  brought  to  me  a  small  fish  (living) 
about  three  quarters  of  an  inch  long,  of  a  purple-black  colour,  with  the 
exception  of  the  caudal,  posterior  dorsal,  and  postanal  fins  ;  these  were  so 
transparent  as  not  to  be  visible  without  extreme  care  while  the  animal  was 
in  the  water.  The  head  was  large,  with  the  upper  jaw  slightly  protruding 
over  the  lower.  The  head  was  elevated  between  the  eyes,  and  three  sharp 
spines  were  present  on  the  postero  -lateral  margin,  just  above  the  gill-covers  ; 
a  row  of  small  spines  were  visible  on  each  side  of  the  posterior  half  of 
the  body,  and  three  large  spines  are  implanted  at  the  lower  base  of  each 
lateral  fin  ;  but  the  most  striking  peculiarity  of  the  animal  exists  in  the  large 
size  of  the  lins  themselves,  particularly  the  laterals.  There  are  four,  two 
upon  each  side  ;  they  are  narrow  at  the  base,  where  they  are  connected 
with  the  animal,  from  which  point  they  gradually,  but  rapidly,  increase  in 
width  and  length,  until  the  latter  is  about  one  third  of  the  length  of  the 
animal,  and  the  former  more  than  equal  to  its  depth. 

An  examination  of  its  details  with  that  of  known  species  has  led  me  to 
the  conclusion   that  it  is  a  young  specimen  of  the  Grey  Gurnard  (Triyfa 


CRUSTACEA. 

Among  the  Crustacea  I  have  as  yet  but  little  to  report,  some  observations 
on  the  earlier  development  of  the  Hitinarm  having  been  interfered  with  by 
the  loss  or  robbery  of  some  specimens  that  1  had  retained  in  special  crab- 
pots  some  fathoms  under  water.  This  has  deferred  the  opportunity  until 
another  season. 

There  are,  however,  two  subjects  of  interest  that  might  be  here  alluded  to. 
The  first  is  the  decrease  that  is  perceptible  in  the  numbers  of  the  edible 
species  of  Crustacea.  This  is  the  more  apparent  in  the  littoral  than  iii  the 
deep-sea  forms,  and  is  likely  to  be  more  felt  with  the  rapidly  increasing 
prices  of  articles  of  consumption.  The  circumstance  no  doubt  arises  from 
the  custom  of  destroying  the  females  as  well  a<s  the  males  at  all  seasons  of 
the  year,  and  of  the  preference  given  for  culinary  purposes  to  the  female 
lobster  (1/omarus  mftrimt.*)  when  heavy  with  spawn.  The  increased  value 
of  the  animal  makes  it  eagerly  sought  after  by  fishermen. 

But  there  is  not  even  this  excuse  tor  the  capture  of  the  female  crab  (  Cancer 
pagurus).  The  marketable  value,  as  compared  with  the  male,  is  at  least  one 
fifth  ;  this  arises  from  the  smaller  wi/c  of  the  animal  as  a  whole,  and  of  their 
claws  in  particular.  But  they  are  captured  in  greater  numbers,  and  are  con- 
sequently wantonly  destroyed,  being  frequently  hawked  about  the  streets  for 
a  very  few  pence  apiece.  It  appears  to  me  that  there  could  scarcely  be  any 
hardship  inflicted,  even  temporarily,  upon  u  shell  -fisher  m  en  "  if  they  were  in- 
terdicted from  taking  the  female  lobster  during  the  spawning-season,  that  is, 
from  February  until  May,  and  that  of  the  common  crab  at  all. 

1  am  aware  that  this  suggestion  is  open  to  the  remark  that  the  lobster  and 
the  crab  are  so  prolific  that  the  number  of  ova  that  each  hatch  in  a  season 
is  in  the  former  several  hundred  thousand,  and  in  the  latter  more  than  a 
million  at  a  time,  and  that  these  very  large  numbers  would  within  a  short 
period  soon  stock  ail  the  bays  of  our  coast.  To  this  I  would  reply,  that  in 
all  those  forms  of  life  where  the  ova  arc  most  abundant,  the  development  of 
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that  species  is  least  in  proportional  quantity.  This  is  true  of  crustacean 
life  as  well  as  that  of  other  forms ;  and  I  think  it  worthy  of  consideration, 
particularly  by  those  who,  as  a  crucial  test  in  the  theory  of  evolution,  demand 
the  exposition  of  a  series  of  successional  forms  of  life  ;  they  should  remember 
that  of  the  lobster,  common  as  it  is  around  our  coasts  and  in  our  markets, 
there  is  not  a  fisherman  or  observant  naturalist  who  has  yet  seen  that 
stage  in  its  life  which  unites  the  animal  as  we  know  it  with  that  which  we 
have  seen  it  when  it  quits  the  egg  ;  that  is,  no  one  has  seen  or  knows  any 
thing  about  the  animal  between  the  time  when  it  is  half  an  inch  and  the  time 
when  it  is  four  inches  in  length.  That  which  is  true  of  the  lobster,  is  like- 
wise true  of  all  the  higher  forms  of  Crustacea,  excepting  only  that  of  the 
common  littoral  or  shore-crab  (Garcimts  m&nas). 

The  second  circumstance  that  1  wish  to  notice  is  one  that  has  been  eluci- 
dated by  observation  in  the  aquarium.  I  have  several  times  observed  that  a 
specimen  of  Pagurus,  or  soldier  crab,  will  seize  hold  of  the  shell  in  which 
another,  generally  smaller,  specimen  of  the  same  species  is  dwelling.  I 
supposed  that  the  larger  animal  was  covetous  of  the  shell  in  which  the 
smaller  dwelt.  I  have  seen  them,  as  1  thought,  endeavour  to  take  posses- 
sion of  such  occupied  shell,  until  their  soft  and  tender  body  received  such  a 
pinch  from  the  previous  possessor  as  compelled  them  hastily  to  retrace  their 
steps. 

Mr.  Alford  Lloyd  has  written  in  my  note-book  the  following  sentence : — 
"  In  the  spring  of  the  year,  in  the  Hamburg  Aquarium,  I  have  seen  tike  male, 
of  this  crab  take  hold  of  the  shell  in  which  a  female  is  contained,  and  carry 
her  about  for  weeks  together,  grasping  the  thin  edge  of  her  shell  (as  of  a 
Buccinum) ;  and  when  the  female  is  ted  the  male  does  not  take  away  the 
food,  as  he  would  if  a  male  were  so  fed  in  his  vicinity." 

I  would  here  like  to  state  that  the  preservation  of  Crustacea  by  keeping 
them  in  glycerine  for  a  few  days,  and  then  drying  them,  will  be  found  to  be 
a  very  superior  plan  to  that  of  spreading  them  out  without  any  preparation. 
I  have  specimens  that  have  been  treated  two  or  three  years  with  glycerine 
that  are  as  flexible  as  a  fresh  crab.  It  will  he  better  of  "course  that  as  much 
of  the  soft  parts  should  be  removed  as  possible.  I  have  also  been  trying, 
and  I  think  with  success,  to  preserve  fish  in  the  same  way,  A  specimen  of  the 
Bogue  (Spams  boops,  L.),  taken  more  than  two  months  ago,  is  as  fresh  in  colour 
and  as  flexible  as  when  captured,  excepting  the  eye,  which  was  in  a  partially 
decomposed  state  when  placed  in  the  glycerine.  1  think,  when  further  experi- 
ments have  confirmed  the  fact,  that  with  or  without  admixture  with  another 
medium,  glycerine  may  afford  a  very  valuable  addition  to  the  preservative 
agents  of  our  museums. 

Among  the  Mollusca  we  have  to  record  the  capture  of  many  specimens  of 

Eledone .     This  has  generally  been  supposed  to  be  a  rare  species  on 

our  coast ;  but  we  find  that  Octopus  vulyaris,  the  supposed  common  species, 
is  the  more  difficult  to  obtain.  Both  these  appear  to  live  well  and  happily 
in  captivity  ;  so  also  does  Sepia  officinalis. 

Mr.  Rogers,  who  has  charge  of  the  pond  at  Plymouth,  and  is  a  most  active 
and  zealous  collector  of  marine  animals,  tells  me  that  two  specimens  of  this 
last-named  cuttlefish  were  placed  in  the  pond  on  the  8th  of  June,  1871. 
They  continued  doing  well  until  the  24th,  when  they  were  seen  to  be  in 
copula,  head  to  head,  arms  interlaced,  and  remaining  stationary,  resting  on 
the  bottom  for  about  twelve  minutes,  then  separating.  On  the  26'th  the 
male  was  killed  by  a  dog,  which  seized  it  when  in  shallow  water.  These 
creatures  were  rarely  seen  far  apart,  usually  following  each  other  in  every 
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direction,  swimming  with  equal  ease  either  backward  or  forward ;  they  were 
never  seen  to  feed,  but  always  appeared  to  be  in  search  of  food,  after  the  manner 
of  the  Wrasses,  moving  slowly  round  the  sides  of  the  pond  and  rocks,  thrust- 
ing their  heads  into  holes  and  crevices :  when  disturbed,  they  darted  through 
the  water  with  great  swiftness. 

The  female  died  on  the  6th  of  July,  and  on  being  opened  was  found  to  be 
in  very  good  condition,  and  to  contain  a  large  quantity  of  ova. 

1  have  been  taking  slops  to  have  within  the  cave  behind  the  pond  a  case 
with  a  glass  front  so  constructed  as  to  enable  us  to  watch  the  habits  of 
animals  with  the  greatest  care.  The  water  in  this  pond  is  several  degrees 
lower  in  temperature  than  that  in  the  tanks  of  the  Crystal-Palace  Aquarium, 
a  circumstance  that  will  enable  us  to  study  marine  life  under  still  more 
natural  conditions.  I  believe  that  students  of  marine  life  will  find  this  pond 
to  be  a  valuable  instrument  for  the  carrying  out  of  prolonged  researches 
in  the  examination  of  structure  or  the  development  of  animals  ;  and  they  will 
find  in  the  keeper  an  ever  willing  and  obliging  assistant  and  cooperator. 

1  cannot  close  this  Report  without  expressing  great  regret  at  the  loss 
of  our  old  friend  and  fellow  naturalist,  Jonathan  Couch,  of  Polperro.  He 
was  a  close  observer  and  zealous  lover  of  nature,  and  only  wanted  the  advan- 
tages of  a  less  secluded  life  to  have  placed  him  among  the  foremost  of  our 
naturalises.  Jle  died  at  a  ripe,  old  age,  and,  1  am  sorry  to  say,  has  left  a 
widow  and  three  children  in  the  greatest  straits  of  poverty,  to  assist  whom 
would  be  a  kind  and  generous  testimony  to  a  long  and  well-spent  life. 


Preliminary  Report  of  t lie  Committee  appointed  to  construct  and  print 
Catalogues  of  Spectral  Rays  arranged  upon  a  scale  of  Ware-numbers*, 
— the  Committee  consisting  of  Dr.  Hruuixs,  Mr.  LOCKYKR,  Professor 
REYNOLDS,  Professor  S\\\N,  and  Sir.  STONKY  (Reporter). 

THK  reference  of  spectral  lines  to  a  standard  scale  of  wave-numbers,  instead 
of  to  a  scale  of  the  wave-lengths  in  air  of  a  given  pressure  and  temperature, 
or  to  any  of  the  other  scales  in  use,  has  very  marked  advantages.  The  scale 
of  wave-numbers  furnishes  in  th<  thfontical  inifuin  r  the  ratios  between  wave- 
lengths, which  are  what  he  chiefly  wants,  in  the  simplest  and  most  conspi- 
cuous form,  since  a  series  of  rays  of  which  the  wave-lengths  are  in  geome- 
trical proportion  will  be  represented  by  equidistant  lines  upon  the  map.  No 
person  who  has  not  encountered  the  task  can  conceive  how  tedious  it  is  to 
carry  on  a  theoretical  investigation  with  any  other  scale.  And  to  the  observer 
the  scale  of  wave-numbers  offers  the  advantages  which  have  been  well  stated 
by  Professor  C.  A.  Young  in  the  following  words : — "  An  accurate  chart  of 
the  solar  spectrum  on  which  the  lines  should  be  mapped  according  to  *  inverse 
wave-length,'  proposed  by  Captain  Jierschel  himself,  1  believe,  as  well  as  by 
Mr.  Stoney  and  others,  would  sufticiently  resemble  the  spectrum  seen  in  a 
spectroscope  to  be  equally  convenient  in  the  observatory  with  that  of  Kirch- 
hoff',  and  would  be  free  from  the  reproach  of  arbitrariness  and  irregularity 
in  its  scale.  Such  a  chart  would  be  most  gladly  welcomed  by  all08pectrosco- 
pists,  and  would  immediately  supersede  those  of  Kirchhoff  and  Angstrom." 
(See  a  letter  from  Professor  Young  in  4  Nature'  of  the  t>th  June,  1872.) 

*  The  term  wtw-numbcra  appears  preferable  to  the  equivalent  term  '•  inverse  wave- 
lengths" which  has  been  hitherto  used, 
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Accordingly,  your  Committee  decided  on  reducing  to  wave-numbers  all  tho 
wave-lengths,  whether  of  solar  lines  or  of  the  rays  of  incandescent  vapours, 
which  have  been  determined  with  sufficient  precision.  Mr.  Charles  E.  Burton 
has  offered  his  services  gratuitously  for  making  the  necessary  reductions,  and 
has  made  considerable  progress  with  the  solar  spectrum,  the  greater  part  of 
which  is  now  nearly  ready  for  the  press. 

A  specimen  of  the  catalogue  of  solar  lines  is  appended  to  this  lleport, 
containing  the  lines  from  E  to  b.  It  is  intended  that  this  catalogue  shall 
contain  in  a  compact  form  all  the  most  useful  information  that  is  0  available, 
viz. : — References  to  tho  position  of  each  line  on  Kirchhoff's  and  Angstrom's 
maps,  details  of  the  process  by  which  the  standard  wave-numbers  have  been 
deduced,  and  indications  of  the  intensity,  width,  and  origin  of  each  ray 
wherever  these  have  been  determined*.  The  rays  will,  moreover,  bo 
bracketed  into  the  groups  which  strike  the  eye  in  looking  at  the  spectrum, 
and  a  number  will  be  assigned  to  each  group  which  will  sufficiently  indicate 
its  position  on  the  standard  scale. 

Your  Committee  have  as  yet  only  incurred  an  expenditure  of  £4  for  books, 
maps,  and  preliminary  printing.  This  leaves  a  balance  of  £  16  in  their  hands 
out  of  the  grant  of  £20  placed  at  their  disposal  last  year. 

It  is  estimated  that  the  two  catalogues  which  tho  Committee  propose  to 
publish  (the  Catalogue  of  the  Principal  Lines  of  the  Solar  Spectrum,  and  tho 
Catalogue  of  Kays  of  Incandescent  Vapours)  will  cost  about  .£'<>().  This  does 
not  include  the  cost  of  the  charts,  which  ought  to  accompany  the  catalogue* 
in  order  to  render  them  complete.  The  charts  would  increase  the  entire  Mim 
to  be  expended,  including  the  grant  already  made,  to  about  .£'120;  but  u 
portion  of  this  sum  would  return  to  the  Association  in  the  form  of  the  pro- 
ceeds from  the  sale  of  the  catalogues  and  charts. 

Your  Committee  think  that  they  could  render  the  second  catalogue  more 
perfect  if  they  were  in  a  position  to  employ  a  competent  person  to  rc\ise  and 
extend  the  determinations  of  the  rays  of  incandescent  vapours  ;  and  they 
therefore  suggest  that  this  revision  be  made  a  part  of  their  functions,  and 
that  an  addition  of  c£oO  be  made  to  the  grant  for  this  purpose.  This  would 
increase  the  simi  to  be  granted  this  year  to  «£ir>0. 

The  Committee  accordingly  recommend  that  they  be  reappointcd.  and  that 
this  sum  be  placed  at  their  disposal,  in  addition  to  tho  balance  at  present  in 
their  hands, 

APPENDIX. 

Specimen  of  a  Catalogue  of  the  Principal  Dark  Rays  of  thf  rintbff  purl  of  the, 
Solar  Spectrum,  contain!  ny  all   the  Rays  m//sfnW   by  Kirchhoff  awl 

Angstrom,  arranged  on  a  scale  of  Standard  \Vavc-Xumbers.     (The  Spe- 
cimen contains  the  Hays  from  E  to  b). 

Column  1  gives  the  position  on  the  Arbitrary  Scale  attached  to  TtirchhofTs 
maps. 

0  Column  2  reproduces  the  wave-lengths  in0tenth  metres  as  determined  by 
Angstrom,  after  applying  to  the  numbers  of  Angstrom's  list  tho  small  cor- 
rections which  he  indicates  at  p.  29  of  his  memoir,  "  Le  Spectre  Normal  du 
Soleil."  The  wave-lengths  of  this  list  are  wave-lengths  in  air  of  7<»0  millims. 
pressure  at  Upsala,  and  16°  C.  temperature. 

Column  3  contains  the  reciprocals  of  the  numbers  of  Column  2,  each  mul- 

*  Mr.  Burton  intends  to  revise  the  tnoro  refrangible  part  of  the  apectrmn,  and  to  Riipply 
the  intensities  and  widths  of  the  lines  of  this  portion,  which  was  not  included  in  KirchhofTa 
investigation. 
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tiplied  by  107.  Each  number  in  this  column  is  accordingly  the  number  of 
times  that  the  corresponding  wave-length  in  air  goes  into  one  millimetre. 

Column  4  contains  the  correction  for  the  dispersion  of  nir  of  760  millims. 
pressure  and  l(>°  temperature,  deduced  from  Ketteler's  observations  (see  Phil. 
Mag.  for  l3Gti,  vol.  xxxii.  p.  336). 

Column  5  contains  the  Standard  Wave-numbers,  i  e.  the  number  of  waves 
per  millimetre  I'M  vacua. 

Column  6  indicates  the  intensity  and  width  of  each  ray  as  determined  by 
Kirchhoff,  6  being  the  most  intense,  and  g  very  wide,  viz.  about  015  of  one 
degree  on  the  Scale  of  Standard  Wave-n umbers. 

Column  7  enumerates  the  substances  which  have  been  found  to  emit  bright 
rays  coincident  with  nolnr  lines,  and  contains  some  other  remarks. 

Column  8.  In  the  last  column  the  rays  an;  bracketed  into  the  groups 
which  strike  the  eye  in  looking  at  the  spectrum,  and  to  each  group  is  assigned 
a  number  which  sulliciently  indicates  its  poMtion  upon  the  Standard  Scale. 
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Third  Report  of  the  Committee  appointed  to  consider  and  report  on  the 
various  Plans  proposed  for  Legislating  on  the  subject  of  Steam-Boiler 
Explosions  with  a  view  to  their  Prevention, — the*  Committee  con* 
sistiny  of  Sir  WILLIAM  FAIRBAIRN,  Bart.,  C.E.,  F.R.S.,  tyc.,  JOHN 
PENN,  C.E.,  F.R.S.,  FREDERICK  J.  BRAMWELL,  C.E.,  HUGH  MASON, 
SAMUEL  RIGBY,  THOMAS  SCHOFIELD,  CHARLES  F.  BEYER,  C.E., 
THOMAS  WEBSTER,  Q.C.,  EDWARD  EASTON,  C.E.,  and  LAVINGTON 
E.  FLETCHER,  C.E. 

WHEN  the  Committee  presented  their  last  Report  on  the  subject  of  "  Steam- 
Boiler  Legislation"  to  the  Meeting  of  the  British  Association  held  at  Edin- 
burgh, it  was  fully  expected  that  the  measure,  having  for  its  object  the  pre- 
vention of  Steam-Boiler  Explosions,  which  was  then  before  Parliament, 
having  been  introduced  by  John  Hick,  Esq.,  Member  for  Bolton,  as  the 
result  of  the  inquiry  by  the  Parliamentary  Committee  which  sat  upon  this 
subject  during  the  Sessions  of  1870-71 — it  was  fully  expected  that  this 
measure  would  by  this  time  not  only  have  passed  through  Parliament,  but 
also  have  been  in  active  operation,  so  that  some  practical  results  might  have 
been  arrived  at.  Such,  however,  has  not  proved  to  be  the  case.  The  Bill, 
though  read  a  first  time  in  the  House  of  Commons  late  in  the  Session  of  1871, 
and  reintroduced  this  year  as  early  as  the  7th  of  March,  has  not  yet  passed 
a  second  reading,  having  been  postponed  from  time  to  time.  It  was  thought 
better  to  wait  the  maturity  of  Mr.  Hick's  Bill  before  assembling  the  Com- 
mittee for  consultation ;  but  this  course,  though  considered  advisable,  has, 
owing  to  the  delay  just  referred  to  in  the  progress  of  the  Bill,  prevented  the 
Committee  completing  their  report  for  presentation  at  this  Meeting  of  the 
British  Association.  Under  these  circumstances  they  request  an  extension  of 
time,  and  suggest  their  reappointment  for  another  year,jvhen  they  hope  to 
complete  the  task  assigned  them. 


Report  of  the  Committee,  consisting  of  JAMES  GLAISHER,  F.R.S.,  of  the 
Royal  Observatory,  Greenwich,  ROBERT  P.  GREG,  F.R.S.,  ALEX- 
ANDER S.  HERSCHEL,  F.R.A.S.,  and  CHARLES  BROOKE,  F.R.S., 
Secretary  to  the  Meteorological  Society,  on  Observations  of  Lumi- 
nous Meteors,  1871-72 ;  drawn  up  by  ALEXANDER  S.  HERSCHEL, 
F.R.A.S. 

AMONG  the  objects  whoso  special  promotion  it  was  suggested  in  the  last  Report 
that  the  Committee  would  undertake  by  combined  observations  during  the  past 
year,  the  attention  of  observers  at  several  stations  in  Scotland  and  England 
well  used  to  accurate  and  systematic  registry  of  shooting-stars  was,  as  in 
former  years,  frequently  not  unsuccessfully  directed,  at  the  request  of  the  Com- 
mittee, towards  recording  the  appearances  of  shooting-stars  visible  ou  the 
annually  recurring  meteoric  dates  iu  August,  October,  November,  December, 
January,  and  April. 

The  August  meteors  were  somewhat  more  brightly  visible  last  year  than 
commonly,  on  the  two  successive  nights  of  the  10th  and  llth  of  August,  and 
the  clearness  and  darkness  of  the  sky  enabled  a  more  than  ordinarily  largo 
number  of  meteors  to  bo  carefully  observed.  From  a  long  list  of  mcteor*paths 

1872,  F 
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recorded  both  at  the  Koyal  Observatory,  Greenwich,  and  by  the  observers  for 
the  British  Association,  thd  heights  of  twenty  meteors  of  the  shower  visible 
on  the  different  nights  of  its  reappearance  were  calculated,  and  several  other 
meteors  faere  identified  as  having  been  doubly  observed  whose  real  paths  have 
not  yet  been  computed.  The  position  of  the  radiant-point  of  the  shower*  was 
found  to  be,  as  recently  pointed  out  by  Mr*  Hind  in  a  letter  in  '  The  Times  '  of 
August  8th,  more  northerly  than  hitherto,  at  a  point  in  E.  A.  35°,  N.  Decl.  59°, 
three  or  four  degrees  north-westwards  from  ^  Persei  towards  c  Cassiopeia. 

A  few  meteors  of  the  October  shower  were  visible  on  the  19th  of  October 
last ;  but  the  sky  being  overcast,  with  stormy  weather,  on  other  nights  of  the 
shower,  the  time  and  rate  of  frequency  of  their  fall  at  the  maximum  intensity 
of  the  shower  could  not  be  ascertained ;  and  from  the  few  recorded  meteor- 
tracks  only  a  roughly  approximate  position  of  its  radiant-point  was  obtained. 

The  condition  of  the  sky  was  generally  little  more  favourable  for  observa- 
tions in  November  and  December  than  in  October ;  but  on  the  morning  of 
the  13th  of  November  a  clear  view  of  the  Leonids  was  obtained  both  at 
Stonyhurst  College  and  at  the  Koyal  Observatory,  Greenwich,  while  on  another 
following  morning,  that  of  the  15th  of  November,  they  were  also  well  seen 
by  Professor  Herschel  at  Newcastle-upon-Tyne ;  and  their  abundance  on  the 
latter  date  was  considerably  greater  than  that  of  the  unconformable  meteors 
froth  all  parts  which  appeared  at  the  same  time  with  them.  The  distribution  of 
the  November  meteor-group  along  the  ring  which  forms  its  orbit  being  at  pre- 
sent unknown,  the  watch  for  the  return  of  the  Leonids  this  year  will  be  renewed 
for  the  purpose  of  comparative  observations  of  their  greatest  rate  of  frequency 
in  successive  years.  No  accordant  observations  of  single  meteors  appear  to  have 
been  recorded  either  during  the  October  or  November  star-showers. 

At  most  of  the  corresponding  places  a  clear  view  of  the  December  shooting, 
stars  was  obtained  on  the  night  of  the  12th,  while  the  sky  was  everywhere 
completely  overcast  on  the  13th.  Meteors  appeared  at  the  fate  of  ten  or 
twelve  per  hour  for  one  observer  from  the  direction  of  Gemini ;  and  the  posi- 
tion of  the  radiant-point  in  this  constellation  could  be  pretty  correctly  ascer- 
tained by  the  meteor-tracks  recorded  on  the  night  when  they  were  principally 
observed.  This  appears,  as  in  former  years,  to  have  been  near  0  Geminorum. 

On  the  night  of  the  2nd  of  January  a  favourable  state  of  the  sky  permitted 
a  considerable  display  of  the  January  meteors  to  be  seen  at  several  of  thd 
corresponding  stations,  and  to  be  simultaneously  recorded  at  the  Eoyal 
Observatory,  Greenwich.  The  star-shower  continued  with  about  equal 
brightness  until  daybreak  on  the  morning  of  the  3rd  of  January ;  but  a  cloudy 
sky  on  the  night  of  the  3rd  everywhere  prevented  the  close  or  a  continuation 
of  the  shower  from  being  seen.  In  this  and  the  December  meteor  observations 
several  examples  of  doubly  observed  shooting-stars  were  found,  of  which,  with 
those  of  some  other  similar  observations  contained  in  these  descriptions  of  th£ 
meteor-showers  of  the  past  year,  the  heights  will  be  immediately  calculated. 
The  radiant-point  of  the  January  star-shower  appears  not  to  have  altered  its 
place  sensibly  in  the  interval  since  its  last  principal  appearance  in  England 
on  the  2nd  of  January,  1864f. 

The"  last  meteoric  shower  of  the  past  year  which  was  successfully  watched 
for  by  the  observers  was  that  of  April  19th,  1872,  when  a  few  conspicuous 
meteors,  radiating  from  the  direction  of  Lyra,  were  recorded  at  nearly  all  the- 
stations,  and  also  at  the  Eoyal  Observatory  at  Greenwich,  and,  under  the  direc- 

*  Which  Appears,  from  the  few  pb&ertations  of  the  shower  on  the  Oth  and  lOth  inst. 
(August  1872),  to  hare  ve*y  nearly  maintained  the  tetne  position  in  the  present  year, 
f  See  the  Tolume  of  these  Beportg  for  1864,  j>,  0& 
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tion  of  the  Her.  B,  Main,  by  Mr.  Lucas  at  the  Radeliflfe  Observatory  at 
Oxfotd.  The  watch  at  the  latter  place  was  continued  during  the  night  of  the 
19-20th  of  April  until  the  morning  hours,  and  the  Lyraids  continued  to  be 
more  and  more  abundant  until  daybreak.  The  position  of  the  radiant-point 
was  close  to  that  found  in  the  former  observations  of  1864*.  The  prevalence  of 
some  other  radiant-points  of  shooting-  stars  chiefly  producing,  it  appears,  bright 
meteors  during  the  months  of  March,  April,  and  May  was  discernible  ;  and  the 
heights  of  two  bright  meteors  from  different  radiant-points  that  appeared  on 
the  night  of  the  19th  of  April  will  be  approximately  obtained  from  double  and 
triple  observations  of  their  apparent  paths  which  were  then  recorded. 

The  heights  of  some  large  meteors  seen  on  other  nights  of  the  year  have 
also  been  determined  with  some  certainty  from  corresponding  observations  of 
them  at  distant  places,  of  which  a  short  description  is  given,  with  that  of  the 
principal  observations  from  which  they  are  derived.  Large  meteors  have  been 
seen  in  more  than  ordinary  numbers  during  the  past  year  ;  and  the  informa- 
tion respecting  several  of  these  meteors  which  has  been  received  by  the  Com- 
mittee is  included  in  a  general  list  in  continuation  of  some  former  notes  of 
meteors  of  the  largest  class.  But  two  aerolites  appear  to  have  fallen  during 
the  years  1871-72  ;  the  first  at  Searsmont,  in  the  United  States,  on  the  21st 
of  May,  1871,  and  the  second  in  November,  1871,  at  Montereau,  in  Prance. 

At  the  conclusion  of  the  lleport  the  contribution  of  some  recent  valuable 
additions  to  meteoric  literature  by  the  Italian  astronomers  and  observers  of 
shooting-stars,  Prof.  Schiaparelli  and  Signor  Denza,  in  combination  with  a 
well-known  representative  of  meteoric  science  in  Germany,  Dr.  G.  von 
Boguslawski,  is  briefly  noticed  and  described  ;  and  in  the  last  place  a  long 
list  of  radiant-points  placed  in  comparison  with  each  other  in  a  single  Table 
by  Mr.  Greg  at  the  close  of  this  Eeport,  forms  a  complete  comparative  indexf 
of  the  epochs  and  positions  of  all  the  meteoric  showers  included  in  the 
general  lists  hitherto  published  for  the  northern  hemisphere. 

Great  improvements  of  this  Table  will,  it  cannot  be  doubted,  be  made  by 
reducing  the  many  meteor-tracks,  of  which,  since  the  appearance  of  the  last 
printed  meteor-  catalogue  in  these  Reports,  a  large  number  of  descriptions  have 
been  received.  To  enable  them  to  accomplish  this  undertaking,  the  continu- 
ation of  the  Committee's  operations,  and  of  a  grant  to  support  them  in  execu- 
ting charts  and  tracings,  is  earnestly  recommended  to  the  British  Association. 
The  watchfulness  of  observers  on  every  fine  night  when  favourable  opportu* 
nities  present  themselves  for  recording  the  occasional  appearances  of  shootiog- 
stars,  in  order  to  contribute  fresh  materials  for  the  same  purpose,  is  once  more 
appealed  to,  in  addition  to  the  nights  of  annual  recurrence  of  meteor-showers, 
of  which,  as  before,  due  notice  will  be  regularly  communicated  to  them  by  the 
Committee,  and  suitable  means  will  bo  furnished  to  them  to  enable  them  to  assist 
these  objects  by  their  observations,  to  which  their  attention  will  again  be  in-* 
vited  at  the  returns  of  the  several  meteoric  epochs,  as  in  former  years. 


I.  METEORS  BOTTBLY 

Atnong  the  meteors  observed  during  the  simultaneous  watch  for  the  annual 
ftieteor-shower  of  August,  December,  January,  and  April,  in  1871  and  1872> 
several  accordant  observations  of  individual  meteors  were  found,  enabling 
their  real  heights  to  be  satisfactorily  ascertained.  A  list  of  such  accordances 

*  See  the  volume  of  these  Reports  fo*  1864,  p,  98; 

f  An  equally  extensive  list  by  Dr.  J.  F.  Schmidt,  of  Allied*  (Astronomic  NftShHshtfcti, 
$To;  1758,  1869))  unknown  to  the  Committee  when  the  accompanying  (Table  Wad  com" 
failed,  in,  for  the  present,  omitted  from  its  comparisons. 
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on  the  nights  of  tho  10th  and  llth  of  August,  1871,  with  the  results  obtained 
from  them  as  computed  by  Professor  Herschel,  appears  in  the  '  Quarterly 
Journal  of  the  Meteorological  Society '  for  November  1871,  from  which  tho 
annexed  figure  is  copied,  showing  the  real  heights  of  first  appearance  and  of 


Reference  numbers. 
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Eeal  Heights  of  twenty  Shoot ing-star*,  doubly  observed  in  TCn^land  on  the  nights  of  ll.e 
Oth  to  12th  of  August,  1871,  above  tho  .surface  of  the  wirtli. 

disappearance  of  twenty  shooting- stars  of  last  year's  August  shower,  together 
witk  their  average  real  height.  On  comparing  together  tho  actual  hori- 
zontal distances  from  the  observers  at  which  their  apparent'  points  of  dis- 
appearance had  been  accurately  recorded,  it  appears  that  a  circle  H>0  mill's 
in  diameter  represented  a  field  of  view  within  which  four  fifths  of  all  tin* 
terminations  of  the  meteors'  visible  paths  were  seen  and  recorded  by  tho 
observers,  mapping  their  apparent  courses  at  its  centre;  and  that,  on  the 
average,  three  or  four  times  as  many  accordances  of  observations  are  likely 
to  be  obtained  by  observers  at  stations  separated  from  each  other  by  distance* 
of  between  forty  and  eighty  miles,  as  at  places  cither  nearer  to  or  more  distant 
from  each  other  than  about  these  limits. 

The  average  heights  of  the  meteors  thus  observed  above  tho  earth's  surface 
was  86  miles  at  first  appearance,  and  52*5  miles  at  disappearance ;  the  average 
length  of  path  46  miles,  and  the  average  velocity  of  nine  Pcrseids  contained 
in  the  list  51  miles  per  second.  The  difficulty  of  estimating  exactly  tho  small 
duration  of  their  rapid  flights,  and  a  tendency,  by  aligning  their  apparent 
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courses  with  the  brightest  neighbouring  fixed  stars,  to  overstate  rather  thai* 
to  underrate  the  apparent  length  of  their  visible  flights,  will  perhaps  account 
for  the  excessive  real  velocity  of  the  Perse'ids  obtained  in  these  results  of  the 
simultaneous  observations.  The  velocity  of  a  single  meteor  of  the  shower, 
as  bright  as  Sirius  (the  first  meteor  shown  in  the  diagram),  unconformable 
to  Perseus,  and  directed  from  the  radiant-point  in  Pegasus,  was  somewhat 
more  exactly  obtained,  both  its  apparent  path  and  its  duration  being  very 
carefully  observed  by  Mr.  Wood  at  Birmingham  and  Mr.  Clark  at  York* 
whose  observations  were  in  excellent  agreement.  The  real  length  of  the  path 
of  this  meteor  was  J38  miles,  and  its  resulting  real  velocity  was  19  miles 
per  second. 

On  comparing  together  the  observations  of  the  shooting-stars  recorded  at 
Greenwich  with  those  seen  at  the  British- Association  stations  during  the 
same  August  shower,  several  perfectly  accordant  observations  were  found  on 
the  night  of  the  llth;  and  but  few  satisfactory  identifications  of  meteors 
doubly  observed  on  the  night  of  the  10th  of  August,  excepting  that  of  the 
brightest  (at  10h  51m  P.M.,  as  noticed  in  the  following  descriptions  of  the 
shower),  could  be  detected.  The  following  list  contains  a  general  description 
of  the  various  shooting-stars  which  appear  to  have  been  doubly  observed  at 
the  Royal  Observatory,  Greenwich  (and  by  the  observers  at  other  stations),  on 
the  night  of  the  llth  of  August,  and  on  the  other  nights  of  simultaneous  watch 
kept  for  the  reappearance  of  the  annual  meteor- showers  which  have  been 
visible  during  the  past  year. 

A  few  double  observations  of  shooting-stars  are  also  contained  in  the  accom- 
panying list  of  bright  meteors,  and  in  the  detailed  accounts  which  will  shortly 
be  given  of  the  observations  of  the  meteoric  showers.  The  meteor  No.  7, 
whoso  real  height  is  figured  in  the  above  diagram  from  observations  at  York, 
ut  Hawkhurst,  and  in  London,  was  also  seen  at  the  Eoyal  Observatory, 
Greenwich,  and  its  apparent  path  was  there  recorded  at  llh  14m  59s  P.M. 
on  the  llth  of  August.  The  redetermination  of  the  real  height  of  this 
meteor  by  comparison  of  the  new  observation  with  the  former  ones,  and  the 
computation  of  the  several  meteor-heights  to  be  derived  from  the  additional 
observations  contained  in  this  Iteport,  will  aiford  interesting  materials  for 
future  consideration. 

The  last  meteor  in  the  accompanying  list,  on  the  19th  of  April  last,  will  be 
seen  to  have  been  triply  observed  at  York,  Wisbeach,  and  Hawkhurst.  The 
heights  determined  from  the  observations  at  the  first  two  places  are  66  miles 
at  first  appearance,  and  41  miles  at  disappearance.  But  if  the  observation  at 
Hawkhurst  is  correct,  the  meteor  probably  moved  at  an  elevation  of  not  more 
than  50  or  55  miles  at  first  appearance  and  30  or  35  miles  at  disappearance. 
Erom  the  former  observations  the  length  of  its  visible  path  was  90  miles ;  but 
in  the  latter  case  it  would  not  exceed  70  miles ;  and  if  the  observations  at  York 
and  Hawkhurst  only  are  employed,  as  affording  the  widest  parallax,  it  would 
be  somewhat  less.  The  duration  of  its  flight  was  probably  underestimated  at 
York  at  half  a  second,  and  overestimated  at  Wisbeach  at  3  seconds.  The  ave- 
rage duration  is  1|  second,  giving  the  probable  velocity  of  the  meteor  not  more 
than  40  miles  per  second ;  while  the  actual  velocity  of  the  Lyrai'ds,  calculated 
from  the  astronomical  theory  of  the  great  April  meteor-group,  is  30  miles  per 
second.  The  recorded  paths  of  this  member  of  the  shower  diverged  very  ex- 
actly from  a  common  radiant-point  between  *r  and  0  Herculis,  about  20°  from 
the  usually  observed  centre  of  divergence  of  the  meteor-group  in  Lyra. 

The  estimated  height  of  a  bright  meteor  seen  on  the  31st  of  August  last 
was  also  obtained  from  accordant  observations  of  its  apparent  path  at  Boss 
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\n  Herefordshire  and  at  Hawkhurst,  as  will  shortly  bo  noticed  in  its  particular 
description.  The  confirmations  of  the  astronomical  theory  of  large  meteors 
and  shooting-stars,  and  the  advance  of  our  existing  knowledge  of  the  laws 
that  regulate  their  courses,  characteristic  rates  of  motion  and  appearance,  and 

Shooting-stars  doubly  observed  during  the  Annual 


Date. 

Hour. 

Place  of 
Observation. 

Apparent 
Magnitude, 
as  per  Stars. 

Colour.         Duration.            Position. 

1871. 

ABg.ll 

11 

11 
11 
11 

11 

11 
11 

11 
11 

11 
11 
11 

11 
11 

h  m  s 
10  6  0 

10  653 

1011  0 
10  12  7 
10  14  30 

10  15  9 

11  0  30 
11  0  48 

11  14  59 
11  16  0 

11  16  0 
11  2G  0 
11  26  23 

11  31  0 
11  33  '15 

Hawkhurst  

Royal  Observa- 
tory, Greenwich. 

Hawkhurst  

3rd  man  

'Very  swift                 *—    J— 

1st  mag  

From  3  15°  +80° 
I                         to  2J6  -f-65 
Bluish  white  .07  second  ...From  the  direction 
i    of  e  Cassiopeia?, 
passed  in  direc- 
tion of  o  Cygni. 

1st  mag  t  

Royal  Observa- 
tory, Greenwich. 

York  

2nd  mag  

From  1st  mag.  to 
size  of  ty  . 

Blighter  than  #... 

'Prom2650-f620 
to  217  +45 
BluUh  white  .  1-0  second  ...  From  direction  of 
y  Cygni  shot  a- 
cross  &  ISagittas. 
Red                 1>PS  Rp^fuif]                  H  -      x  —  . 

Royal  Observa- 
tory, Greenwich. 

Bolton,  Cheshire 

Royal  Observa- 
tory, Greenwich. 

Ibid  

:                       From  326  -f-  8° 
.    to  311*5-12 

Bluibh  white  a-3  second  ...Passed    about    3° 
i    above  b  Lyncis, 
\    from  the  dircc- 
j    tion  of  c  Came- 
|    lopanli. 

1st  ma0*  ,. 

;                     ,Fiom2lM°-f33J 
'      to  28  -f25 
BluUUuluttt  .0-7  second   ../From  direction  of 
1    e  Cassiopeia?,  pas- 
,    scd  across  $  Per- 
1    PCI. 
Bluish  white  .More  than   1,  Across  <5  Ursec  Ma- 
second.           jori8tol2Canum 

'                         Venatirorum. 
Blue  '                   f 

Brighter  than  Isi- 
mag.* 

1st  mag  

Regent's  Park, 
London. 

Birmingham   ... 
Ibid  

Brighter  than  1st- 
mag.  * 
Brighter  than  1st- 
mag.  * 
Ut  mag  

-)/.  

\                      I'rom  ]NO'  +  7fP 

r                    i  .           i       '    l<)    191  +  5l 

liTCCn    1*5  SGOOtld            I'Vnm        «0   1   T  3       i 

.    to  240  4-58 
1*0  second  ...  From  3,V)"'-|-779 

v  n     •  i          ,           i             to  2G:>  +71'5 
^']lmu^  1  second  From  c  IW  Ma. 

3«ris.      Fell  to-1 
wards  horizon. 

lloyal  Observa- 
tory, Greenwich. 

Hawkhurst  

Royal  Obscrva-  i 
tory,  Greenwich. 

i 
Brighter  than  1st- 
mag.  * 

i 

i 

a  ~    i)  -- 
!                      From  3;>U;-f  76' 

»l.iis!iWl,iiP.|.5fcC(">nd  ...Viiu,  Lotion  of 
I    K     Andronioilii! 
1                     i    passcil  about  1° 
j                     !    to  the  right  nf 
,   J                     l    ft  Andromeda?. 
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tlio  dates  of  their  greatest  frequency,  may  bo  greatly  assisted  by  the  accounts 
of  those  who  are  favourably  situated  to  observe  them,  even  without  the  special 
accuracy  which  should  yet  always  be  aimed  at  in  descriptions  of  these  hitherto 
but  partially  investigated  phenomena, 

Meteoric  Showers  recorded  in  the  years  1871  and  1872. 


Length  of 
Path. 


Direction. 


Appearance;  Remarks. 


Observer. 


10° 


12° 


20° 


Left  a  slender  streak 'Miss  HerscheL 


Left  a  streak 


\Vm.  Marriott. 


,  Left  a  streak  Miss  Ilerschel. 


No  streak    ...........................  T.Wright. 


I 


22°  ............  !  .......................................  'Train  not  bright,  but  lasted  3£  J.  E.Clark. 

i  i  j     seconds.     |  Identical  with  me-1 

teors  at  Ha\\khun>t,  10U  14'", 
and  London  (Regent's  Paik), 
HM.V-.J 

'Left  a  fine  streak,  which  remained  T.  Wright  &  Wra.  Mar 
I    usiblc  for  3  seconds.  <    riott. 

' 


8° 


'No  paiiiculars  of  appearance  re-  R.  P,  Grej. 
corded. 


10°  ! 'Left  a  streak   \Vm.  Marriott. 


20°  ............  '  .......................................  Left  a  nV  streak   ..................  !\V.  C.  Nash. 

! 

Path  imperfectly  J-CCM    ............  IT.  Crumplcn. 


'Radiant-point  c  Cavsiopci.r   ... 

' 

Fell  towards  the  left  at  an  in- 

;    clination  of  4.V. 

(From  direction  of  CygnusJ  ... 


Left  a  long  train  on  its  course.  |\V.  II.  Wood. 

(From  w  Ccphci  to  0  l)racoim.)| 
(From  y  Ccphci  to  \|/l)raconis)...  Id. 

l 
Left  a  fine  streak    ..................  l\Vm.  Marriott. 


10°  ,. 


I  Frora  direction  of  Cygnus]  ... 


Left  a  broad  fine  streak.     (Fi om '  Miss  F.  Ilerschel. 


ici  to  jiibt  below  c  Ciiibi- 
opeiac.) 
Left  a  magnificent  streak. 


,\Vm.  Marriott. 
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Date. 

Hour. 

Place  of 
Obseivation. 

Apparent 
Magnitude, 
as  per  Stars. 

Colour. 

Duration. 

Position. 

1871. 
Aug.ll 

11 

11 
11 
11 
11 
11 
11 

11 

11 
Dec.  12 

12 

1872. 
Jan.  2 

2 
2 

h   m    s 
11  45  30 

11  46  56 

11  50  30 
11  51  10 
11  54  35 
11  55  0 
12    3    0 
12    4    4 

12  29    0 

12  29  25 
10  13    0 

10  17    0 
(time  by 
watch, 
uncertain) 

11    4  30 
11    4  30 
11    5  30 

Hawkhurst  

Royal  Observa- 
tory, Greenwich. 

Hawkhurst  

Brighter  than  11  ... 

Slow  speed  .  .  . 
I  -3  second  ... 

«=     £  = 
From   23°  +  60° 
to      8  4-02 
From  direction  of 
0  Persei  pass- 
ed between   p 
and  ft  Andro- 
meda! to  S  An- 
dromedrc. 

*=       $« 

From  340°  -f  30° 
to  355  +42 
From  a  Pegasi  in 
direction    of    y 
Pegasi. 
From    *   Draconis 
passed  across  0 
Bootis. 

•=  a= 

From  332"  +57° 
to  310  +30 
From  286°  +  20° 
to  278  4-  6 

Passed  between  fi 
and   y   Herculis 
from  the  direcv 
tion  of  £  Hercu-' 
lis. 
*-    ?- 

Brighter  than  1st-' 
mag.  * 

—  3rd  inafr  

Greenish  

[loyal  Observa- 
tory, Greenwich. 

Ibid  

—.1st  ma"   

Bluish  \\hite  .;1  second  
Bluish  white  .  0'7  second   ,,. 

Birmingham   ... 
Ibid           

t 
3rd  niaor  «•«•  . 

0-3  second  ... 
0§8  second  ... 

Royal  Observa- 
tory, Greenwich. 

Ilawkhurst  

Royal  Observa- 
tory, Greenwich, 
Tooting  (near 
London). 

Hawkhurst  

Royal  Observa- 
tory, Greenwich. 

Eaton  Square, 
London. 

Tooting,  near 
London. 

Bluish  uhite  . 

Bluish  white  .'1*2  second   ... 

From323'1-f51° 
to  288  4-20 

From  G  Cygni  to  y 
Aquiite.              ; 

«=      l=z 

.From  HU0-j-9'50 
to    71  4-4-5 
From  75°  -f-  28° 
to    60  4-23 

i 
•From  a  point  be- 
•    tween  «  and  /i 
Ursjc       Majoris 
passed  in  the  di- 
rection of  9  Au- 
rigas. 
Disappeared   at  ^ 
(»,  K)      Lyncis. 
Course  from   7 
Ursse  Majoris,  be- 
ginning 6°  short 
of  that  star. 

•=  a= 

From  160°  4-  55° 
to  135  4-44 

As  bright  as  Jupiter 

Brighter  than  1st- 
mag.* 

Large  

Bluish  white  . 
White  

1  second  
1-5  second  ... 

White  
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Direction.  Appearance;  Remarks,  Observer, 

j 

Brilliant  nucleus  and  broad  train. Miss  F.  Herschel, 
(From  the  left  of  S  Cassiopeia;1 
to  beyond  y  Cassiopeia:.)         j 
10°  ;Left  a  splendid  train Wm.  Marriott. 

|  From  Pegasus]  Left  no  streak.    (From  tj  Pegasi  Miss  F.  Hersehel, 

j    to  below  i,  K  Ahdromedae.)       j 

'[Radiant  in  Pegasus] sLcft  a  streak   |Wm.  Marriott. 

10°  ' 'Left  a  streak  |W.  C.  Nash. 

|  i 

: ; !(From  head  stars  of  Ccphcus  to  K  W.  II.  Wood. 

I    Andromcdie.) 

,From  k  (ft  Cygui,  c  Aquihv)  to  t  Id. 

;                                              |    Aqmla*,  and  1U°  beyond  tbat1 
j                                               i    star. 
10°  | 'Left  a  stieak  -\V.  C.  Nash. 

i  i 

!  !  I 

30°  'Left    a    streak    for     j    second.  Miss  Herschcl. 

(Along    tbe  axis   ot    C\jrnus,: 

and    jiibt     KHith    of    jt,    as 

!     mapped.)  j 

, Left  a  \cry  line  streak    ,\V.  C.  Nasli. 

!  i 

7° Position  probably  correct  within  II.  W.  Jackson. 

;  i  ;     y  each  way.  | 

1  i  I 

: 'Left  no  streak.    (From  .{(/?,  i;)'Mi&s  J.  Hcnclicl 

;  !  1    Tauri   shot   to  a  little  below, 

!     tlu»      rioiadcs,      disappearing 

I  I  some  degrees  l)cfore  reaching 
!  ;  ,  them.)  I 
153  i Left  a  streak  Wm.  Marriott.  | 

i  i 

i  ; 

i 
20°  ' |f.eft  no  streak A.  S.  Herschcl. 

Left    a    streak.      Position,    as  H.  \V.  Jackson, 
mapped,  fairly  well  observed. 
(From  a  little  south  of  ft  to  a 
little  south  of  K  Ursrc  Majoris). 
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Date. 

Hour. 

Place  of 
Observation. 

Apparent 
Magnitude, 

as  per  Stars, 

Colour. 

Duration.           Position, 

1872. 
Jan    2 

h   m     s 
11  29    0 

Hawkhurst  ... 

~Sirius  

.,.,..  From  about  y  Cas- 

2 

11  31    0 

Eaton  Square, 

Brighter  than  1st- 

White  

siopeia  towards 
«,  j3  Arietis. 

2  seconds  From  |  («,  /3)  Au- 

2 

11  33    0 

London. 
Ibid  

mag.  * 
3rd  mag  

White  

riga  to  X  Tauri. 
1--1  second  ...  From  130°-|-6*50 

2 

11  33    0 

to  114  -6 
iproui  11  5°  +  29° 

to    91  -j-  4 

2 

11  54    0 

fbid  

i 

2 

11  54  30 

Eaton  Sciuarc 

—  Sirius  

White  then 

pardi  past  *  Per- 
sei,  and  past  the 
Pleiades. 

2  seconds  .     '           &  —    $  — 

London. 

orange. 

from   96°-M4° 
to    80  -f  10 

Apr.  19 

11  26    0 

Wisbeaeh,  Cam- 
bridgeshire. 

1st  mag  

Yellow  

;>  seconds  :           «*=    £= 
'  to  107  +63 

19 

11  27  30 

Ilawlvhiu'st  

1st  majr  

,,,,     From   45°4-560 

to     50  -f-50 

19 

11  28    0 

York  

=Sirius  

White  

0-5  second  ...  From  228-5  3-f  29° 
to  203     -f-12 

II.  LARGE  METEOUS, 

In  addition  to  the  occurrences  of  this  kind  of  whoso  appearance  accounts 
were  received  by  the  Committee  since  their  last  lieport,  the  following  list 
describes  some  conspicuous  meteors  of  which  no  particulars  were  contained 
in  previous  lleports  : — 

1.  1851,  July  30,  8h  1C111  P.M.  (local  time).— Two  days  after  the  total 
eclipse  of  the  sun  in  the  north  of  Europe  in  that  year,  a  largo  fireball  was 
seen  in  Denmark  and  on  the  coasts  of  the  Baltic,  in  bright  evening  light ; 
and  it  was  described  in  many  of  the  contemporary  local  newspapers.  The 
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Length  of 
Path. 


Direction. 


Appearance;  Remarks. 


Observer. 


Brilliant;  left  a  slight  streak 


Miss  M.  R.  Ilerschel. 


18° 


About  23° 


Brightest  in  the  last  half  of  its  A.  S,  Ilerschel. 
course. 

Left  no  streak.    (From  middle  Id. 
of  Hydra's  head  to  3°  above 
n  Monocerotis.) 

Left   no   streak.     (Commenced' Miss  F.  Ilerschel. 
near  /3  Geminorum.      Course 
three  fourths  of  the  way  to  a 
point  2°  or  3°  under  Orion's! 
belt.) 

,.; Brilliant,  and  pear-shaped  at  last ;  Miss  J.   Ilerschel  and 
i    left  a  long  streak,  Miss  M.  U.  Ilerschel, 


.'Turned  sharply  in  its  course  at' Brightest   iu   first   half  of   its'A.  S.  Ilerschel. 
|    a  point  1°  E.  of  £Tauri,  with     course,  then  fainter  and  red-! 


i  10° 


a  very  slight  deflection. 


,  Lvraid . 


7°  or  8'   Lvraul. 


der  to  disappearance.    Left  a! 
streak  on  its  whole  course  for 
I    half  a  second,  j 

.left  a  streak  on  its  course  forS.  II,  Miller. 
J    5  seconds.    Appearance  of  the; 

meteor  at  the  third  second  of, 
,    its  flight  (there  appeared  to; 

be  a  sort  of  vibratory  motion 
1    in  the  train),  i 

.Parallel  to  and  jnst  above  y,  *Miss  M.  R.  Herschel. 
I    Persci  nearly  from  e  Cassio-j 


f.yra'id. 


j    pei;e. 
j 
,  Motion  noticeably  rapid. 


'J.  E,  Clark. 


following  distinct  account,  and  accurate  drawing  of  the  phenomenon,  from 
the  'Transactions  of  the  Royal  Danish  Academy  of  Sciences/  for  1800,  show 
it  to  have  been  one  of  large  size,  perhaps  acrolitic;  and  may  afford  a  useful 
comparison  with  the  descriptions  of  other  equally  remarkable  meteors  which 
will,  perhaps,  bo  known  to  have  occurred  on  the  same  date  of  the  year. 
Observation  of  the  meteor:— Soon  after  sunset,  in  an  almost  cloudless  blue 
,sky,  the  first  of  four  smoke-like  triangles  (at  tho  point  a  in  the  figure)  was 
observed  to  be  formed,  and  the  other  cloud  triangles  were  developed  in 
succession,  in  about  five  seconds.  In  the  place  of  the  fifth,  and  in  a  con- 
tinuation of  the  same  lino,  an  irregular  column  of  smoko  began  to  extend 
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itself,  with  much  apparent  commotion  in  the  direction  of  the  meteor's  flight. 
la  the  first  quarter  of  its  length  no  light  appeared  in  it;  hut  in  the  second 


A  ft.  30° 


Observer's  flace 
c 


no. 


Apparent  course  and  appearance  of  a  largo  Meteor  soon  at  Copenhagen  ISA  I,  July  r 
evening,  by  P.  J.  \Vinstrup. 

and  third  it  seemed  to  be  mixed  with  fiamc  of  rapidly  increasing  brightness  ; 
and  in  the  last  third  part  of  this  portion  of  the  meteor's  flight,  its  nucleus 
was  plainly  visible,  of  intense  whiteness  and  brilliancy  at  the  centre,  and 
surrounded  with  duller  red  light  towards  the  border,  which  was  of  the  same 
width  as  the  smoke-wreath.  It  became  extinguished  at  />,  and  from  this 
point  to  c  three  more  .small  cloud  triangles,  like  those  first  formed,  were 
added  in  quick  succession  to  its  length.  The  earlier  portions  of  the  smoke- 
wreath  had  by  this  time  entirely  disappeared,  the  meteor  taking  riot  more 
than  three  or  four  seconds  to  produce  the  cloud  column,  which  was  also  tho 
time  taken  by  this  part  of  the  smoke-wreath  and  by  each  of  the  cloud 
triangles  to  disappear;  so  that  the  whole  duration  of  visibility  of  the  pheno- 
menon was  about  fifteen  seconds.  Immediately  after  its  di.sappearanco,  the 
blue  sky  at  that  place  remained  as  clear  and  as  bright  as  it  had  been  before 
the  meteor's  passage.  The  cloud-substance  of  the  triangles  first  formed  was 
bluish  white,  like  the  smoke  of  gunpowder,  while  that  in  the  upper  part  of 
the  smoke-column  became  quite  dark  as  it  disappeared.  By  marking  the 
first  and  last  points  of  the  meteor's  course  (a,  c)  with  reference  to  the 
houses  of  a  neighbouring  street,  and  pacing  their  distance  from  his  point  of 
view,  the  apparent  path  of  the  meteor,  as  it  was  thus  observed  by  Mr. 
"Winstrup,  appears  to  have  been  ascertained  as  follows  ; — 

Point  of  commencement,  a,  altitude  7°,  52°  east  from  south. 
Point  of  disappearance,  c,  altitude  30°,  19°  east  from  south. 
Apparent  length  of  the  meteor's  course,  a  c,  about  42°. 
Inclination  of  its  apparent  course  to  the  horizon,  about  38°. 
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2.  In  the  <  Standard'  of  September  15,  1869,  Mr.  P.  P.  Bullock  describes 
a  remarkably  bright  meteor,  which  he  saw  at  Cheltenham,  at  10U  8m  P.M.,  on 
the  12th  of  that  month,  passing  rapidly,  and  with  an  extraordinary  long 
course,  over  a  complete  quarter  of  the  sky. 

3.  The  following  observations  of  rather  bright  meteors  were  communi- 
cated, with  some  of  lesser  magnitude  noted  during  previous  years,  by  Mr, 
J.E.Clark:— 

1869,  September  20,  6h  46m  P.M. — A  meteor  about  J  of  the  apparent  size 
of  the  moon  was  seen  by  Mr.  A.  K.  Brown,  Mr.  8.  P.  Thomson,  and  by  other 
observers,  at  Denbydale,  near  Huddcrsfield,  of  pale  yellow  light,  apparently 
not  much  stronger  than  that  of  Saturn,  and  changing  to  red.  It  fell  about 
15°  in  2*  seconds,  nearly  vertically,  to  a  point  about  15°  above  the  east 
horizon,  followed  by  a  streak  or  tail  of  sparks,  which  became  redder,  like  the 
nucleus,  towards  the  end  of  its  course. 

1809,  December  21,  Hh  15m  P.M. — Near  Leominstcr,  Mr.  J.  E.  Southall 
observed  a  meteor  of  yellow  colour,  and  of  about  the  greatest  brilliancy  of 
the  planet  Venus,  descending  vertically  12,]°  in  half  a  second  from  a  point  in 
li.  A.  97°,  S.  Decl.  7°,  to  It.  A.  80°,  S.  Peel.  1«°.  The  meteor  was  visible 
through  light  clouds,  which  obscured  the  view  of  any  streak  or  sparks  which 
may  have  accompanied  it  in  its  course. 

4.  At  a  meeting  of  the  Natural  History   and  Philosophical  Society  of 
Perry,  in  Ireland,  on  March  4,  1-^70,  Mr.  William  Hartc  described  some 
observations  of  a  remarkable  meteor  which  passed  over  Donegal  on  the  night 
of  the  27th  of  December  ISO!). 

5.  1^70,  July   25,   evening. — Soon  after    dark,  a   brilliant    meteor  was 
observed  in  Kent  and  at  other  places  near  the  English  Channel.      At  Dover 
it  was  seen  to  rise  almost  perpendicularly  from  the  sea  horizon  in  the  east, 
i m Teasing  in  splendour  until  it  disappeared  overhead.     The  first  effect  of  its 
very  striking  and  unusunl  upward  course  was  to  produce    an  irresistible 
impression  that  it  was  a  signal  rocket  or  other  artificial  light  fired  from  some 
distant  vessel  on  the  sea.     Some  current  descriptions  of  this  fireball,  which 
appeared  in  the  daily  journals  at  the  time,  have  unfortunately  escaped  the 
notice  of  the  Committee. 

0.  ()u  the  Kith  of  October,  1870,  descriptions  of  two  bright  meteors 
received  by  tho  Committee  appear  to  indicate  some  close  connexion  from 
their  resemblance,  although,  from  their  recorded  positions  and  from  a  slight 
interval  between  their  times  of  appearance,  they  appear  to  bo  distinct.  The 
first,  which  appeared  to  Mr.  J.  K.  ('lark  and  Mr.  S.  (tiles,  at  York,  at 
cSh  2;Vn  P.M.,  of  red  colour,  increasing  from  the  apparent  brightness  of  a 
fourth -magnitude  star  to  that  of  Venus,  described  a  short  course  of  8°  or  9° 
in  three  or  four  seconds,  from  a  point  in  K.  A.  2L>0,  N.  Decl.  20°,  to  E.  A.  34°, 
N.  Deel.  10°,  leaving  a  few  sparks,  but  no  visible  streak  upon  its  course. 
At  8h  2(S'n  P.M.,  on  the  same  evening,  a  meteor  brighter  than  a  first-magni- 
tude star,  and  in  every  other  respect  of  perfectly  similar  description  with 
that  observed  at  York,  was  seen  by  Mr.  William  Marriott,  at  Greenwich, 
describing,  in  the  same  time,  an  apparent  course  of  the  same  length,  in  the 
northern  sky,  from  the  star  £  towards  the  star  a  in  Draco.  The  meteor  seen 
at  York  appeared  in  the  south-cast,  at  such  a  considerable  distance  from  the 
direction  indicated  by  the  Greenwich  observations  as  to  admit  of  no  possible 
consideration  of  their  identity  by  the  supposition  of  ordinary  errors  of  obser- 
vation. But  the  remarkable  resemblance  of  their  descriptions  and  their 
nearly  simultaneous  appearance,  if  not  attributable  to  the  earth's  passage  at 
the  time  through  a  common  meteor- system,  is  yet  a  very  similar  occurrence 
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to  the  pairs  and  groups  of  meteors  which  arc  sometimes  observed  to  appear 
in  very  brief  succession  in  ordinary  star-showers.  The  radiant-point  of  the 
pair,  if  these  meteors  might  bo  so  regarded,  is  between  the  constellations 
Cygnus  and  Vulpocula.  But  from  their  close  vicinity,  respectively,  to  the 
radiants  113  and  BG6,  in  Musca,  and  in  the  neighbourhood  of  Draco,  which 
first  present  themselves  about  the  middle  of  October,  it  appears  more  probable 
that  their  remarkably  foreshortened  courses  may  be  clearly  individualized  as 
distinct,  and  that  they  were  evidently  members,  respectively,  of  those  well- 
marked,  and  widely  separated  showers.  A  similar  instance  of  coincidence, 
but  apparently  without  real  connexion,  will  shortly  be  noticed  in  a  future 
page. 

7,  Another  bright  meteor,  from  one  of  the  latter  radiant-points,  Ea,  was 
recorded  by  Mr.  Wood,  at  Birmingham,  at  10U  7m  P.M.  on  the.  1st  of  Novem- 
ber 1870;  brighter  than  Sirius,  white,  and  moving  for  two  seconds  in  a 
short  course  close  to  the  apparent  place  of  the  last  meteor  seen  at  York, 
from  E.  A.  27°,  3ST.  Decl.  21°,  to  y  Arictis.  At  10h  27m  a  second-magnitude 
meteor,  with  a  very  short  course,  passed,  leaving  a  streak  across  the  Pleiades, 
proceeding  from  the  same  radiant-point,  from  which  a  few  other  meteors, 
noticed  by  Mr.  Wood  on  that  night,  were  also  directed.  In  a  note  to  the 
latter  appearance,  he  observes  that  "  a  writer  in  the  '  Times/  of  about  that 
date,  describes  an  '  Astronomical  Phenomenon/  which  was  *  a  sudden  light- 
ing of  the  Pleiades  of  momentary  duration/  and  which  took  place  twice  on 
the  same  night.  I  observed  the  same  effect  produced  by  this  meteor ;  and  it 
is  evidently  owing  to  the  proximity  of  the  radiant  113  to  the  Pleiades, 
causing  the  meteors  to  be  seen  foreshortened  when  they  happen  to  present 
themselves  in  the  p.osition  named.'' 

Large  Meteors  observed  since  the  presentation  of  the  last  Report. 

1871,  August  13,  8h  30M  P.M.— In  a  letter  to  Mr.  Olaishcr,  Mr.  W.  J. 
Miller  communicates  the  following  observation  of  a  fireball  seen  by  him  in 
August  last  at  Glasgow : — "  On  the  13th  inst.,  about  8h  30m  P.M.,  I  observed, 
about  due  north  from  the  western  part  of  this  city,  a  meteor  making  a  nearly 
vertical  descent ;  it  tended  slightly  westwards.  The  elevation  might  be  about 
25°  or  30° ;  and  the  twilight  was  still  strong.  The  effect  on  the  eye  was 
more  of  a  flash  of  lightning,  or  the  sudden  appearance  of  the  new  moon,  than 
any  thing  I  can  compare  it  to.  The  sky  being  clear,  there  could  be  no 
lightning  of  this  description." 

1871,  August  21,  about  9h  P.M. — The  following  description  of  a  large 
meteor  seen  at  Knocklong,  Limerick,  was  communicated  to  the  Committee  by 
Mr.  W.  F.  Denning  in  a  letter  from  the  observer,  Mr.  Jeremiah  Henly,  who 
writes : — "  The  meteor  was  visible  a  few  minutes  after  9  o'clock.  It  seemed 
to  issue  from  about  Polaris,  and  travelled  across  the  heavens  for  n  space  of 
at  least  7°  or  8°  [?  70°  or  80°]  in  the  direction  of  the  constellation  Hercules. 
As  it  passed  through  the  atmosphere,  it  seemed  to  leave  a  brilliant  track  of 
fire  across  the  heavens,  which  continued  visible  for  about  ten  seconds. " 

1871,  August  31,  about  9h  45m  P.M. — A  meteor  of  very  remarkable  ap- 
pearance was  simultaneously  observed  at  Hawkhurst  (Kent)  and  at  KOSH 
(Herefordshire)  under  very  favourable  circumstances  for  determining  its  real 
height.  The  attention  of  a  lady,  Miss  Strong,  who  observed  the  meteor  near 
Boss,  being  directed,  when  it  appeared,  to  the  unclouded  appearance  of  the  full 
moon,  which  had  then  risen  some  16°  above  the  E.SJE,  horizon  ;  of  a  sudden 
the  meteor  came  into  view,  with  leisurely  speed  and  with  suiTprising  lumi* 
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nosity,  issuing,  apparently,  from  close  behind  and  from  the  centre  of  the  moon's 

side.    Erom  this  point  of  first  appearance  it  glided 

slowly  eastward,  leaving  on  its  track  a  train  of  Meteor. 

gold- coloured  sparks  as  broad  and  bright  and 

compact,  apparently,  as  the  nucleus  which  it  pur-  ~~ 

sued.     After  advancing  for  a  considerable  space 

the  nucleus  disappeared  instantaneously,  as  if  it 

were  suddenly  extinguished  ;  and  the  sweeping  portion  of  the  train  nearest 

to  the  moon  broke  into  separate  sparks,  while  the  train,  along  its  whole 

length,  lay  scattered  along  the  sky  like  sparkling  dust,  which  quickly  faded 

away.     In  the  absence  of  any  neighbouring  stars,  which  were  then  only 

beginning  to  glimmer  faintly  in  the  evening  light,  no  more  exact  description 

of  its  apparent  course,  after  leaving  the  moon's  Bide,  could  be  successfully 

attempted. 

A  complete  view  of  the  meteor  from  its  point  of  commencement,  in  a 
cloudless  sky,  was  also  obtained  by  Professor  llersehcl  at  Hawkhurst,  in 
Kent,  where  it  passed  across  the  sky,  at  a  considerable  elevation,  and  with  a 
long  and  brilliant  course,  at  about  9h  44m  P.M.  In  the  first  portion  of  its 
flight,  which  connnc7iced  close  to  the  stars  q,  r  Yulpeeula?,  it  increased  from 
the  brightness  of  a  first-magnitude  star  to  that  of  Hirius ;  and  thence,  while 
passing  near  the  star  £  Cygni,  it  was  accompanied  on  its  course  as  far  as  the 
fstar  ji  Pcgasi  by  a  uniform  and  compact  train  of  yellow  sparks,  of  nearly  the 
same  brightness,  and  of  twice  the  apparent  diameter  of  the  nucleus.  The 
brightness  of  the  meteor,  in  this  part  of  its  course,  was  but  little  less,  and  it 
at  length  exceeded  that  of  the  planet  Venus  at  its  greatest  brilliancy,  while 
its  head  was  of  the  same  yellow  colour  as  the  wide  track  of  light  which 
formed  its  train.  At  the  latter  point  the  bright  nucleus  disappeared,  and 


the  luminous  train  of  sparks  ceased,  while  a  Pinall  spark,  about  as  bright  as 
a  fourth-magnitude  Mar,  with  intermittent  light,  could  be  traced  pursuing  its 
course  about  8°  or  (J°  further,  to  a  point  about  12°  below  the  star  v  Pegasi, 
where  it  finally  disappeared.  The  meteor  moved  over  its  whole  apparent 
course  of  40°  in  six  seconds :  and  the  bright  bolt  of  light,  about  0'  in 
apparent  width  and  20°  in  length,  which  remained  on  its  track,  was  visible 
for  three  or  four  seconds  afterwards,  resolving  itself  into  small  sparks,  which 
appeared  to  move  forwards  along  the  streak  in  the  direction  in  which  the 
meteor  had  advanced.  The  perfect  continuity  of  the  long  train  of  sparks,  its 
little  inferior  brightness,  similar  golden-yellow  colour,  and  general  resem- 
blance, to  the  head,  \\hioh  it  enclosed  BO  completely  on  both  sides  as  to 
exceed  it  considerably  in  width,  nnd  the  steady  forward  motion  of  the  meteor, 
caused  it  to  strikingly  resemble  the  sudden  and  horizontal  discharge  of  a 
(list  ant  rocket.  Such  features  of  special  interest  in  its  appearance  will,  it  may 
be  hoped,  from  its  brightness,  and  from  the  clearness  of  the  sky  on  that  even- 
inp,  have  attracted  the  attention  of  observers  at  other  places,  besides  the  two 
widely  distant  points  of  observation  here  recorded,  at  which  its  appearance 
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and  the  position  of  its  apparent  path  in  the  heavens  were  noted  under  the 
most  favourable  conditions. 

The  point  of  commencement  of  the  meteor's  course  is  found  with  consider- 
able certainty,  from  the  two  foregoing  observations,  to  have  been  situated  at 
a  height  of  44  miles  above  the  sea,  over  a  point  in  Pevensey  Bay,  about  6 
miles  from  the  Sussex  coast.  The  real  course  of  the  meteor  from  this  point 
was,  nearly,  from  due  west  to  due  east,  with  a  very  slight  inclination  to  the 
horizon ;  or  that  direction  of  its  real  flight  is  most  nearly  accordant  with  the 
observations.  The  point  of  disappearance  of  the  small  spark  which  advanced 
furthest  along  its  flight  was,  hence,  at  a  little  lower  elevation,  of  about  40 
miles  above  the  sea,  close  to  the  French  coast,  near  Boulogne.  Assuming 
that  the  moon's  apparent  place  at  Ross  was  exactly  upon  the  apparent  course 
of  the  meteor,  which  appears  to  be  really  signified  by  the  remarkable  obser- 
vation that,  as  seen  from  that  locality,  the  meteor  appeared  to  issue  from 
close  behind  the  moon,  the  agreement  of  this  point  with  that  of  the  meteor's 
first  appearance,  as  observed  at  Hawkhurst,  in  a  graphical  point  of  view,  is  so 
accurate  and  precise,  that  the  real  position  of  this  point  of  the  meteor's 
course,  as  above  determined,  may  be  satisfactorily  assumed,  without  any 
material  corrections,  as  being  substantially  correct.  On  the  other  hand, 
admitting  that,  for  the  purpose  of  calculation,  the  description  of  the  remaining 
portion  of  the  meteor's  apparent  course,  as  observed  at  lloss,  is  obviously 
incomplete,  the  narrow  limits  between  which  (conformably  to  the  rough  notes 
and  sketches  of  its  appearance  there,  and  to  the  remaining  portion  of  its 
apparent  track  as  mapped  at  Hawkhurst)  the  meteor  can  be  supposed  to  have 
moved,  allows  a  very  important  conclusion  to  be  drawn  from  a  complete 
examination  of  the  remaining  materials  which  were  recorded  concerning  its 
apparent  course.  If  not  exactly  in  the  true  west  point  of  the  hori/on,  the 
apparent  radiant-point  from  which  the  meteor  was  directed  can  yet  not  have 
been  far  removed  (not  exceeding  about  20°)  southwards  from  this  point,  nor 
at  any  great  elevation  (not  exceeding  about  30°)  above  the  western  horizon, 
and  it  proceeded  apparently  from  the  radiant  Qa,  near  ft  Hcrculis,  chiefly  con- 
spicuous in  August ;  so  that  the  direction  of  its  real  course  relatively  to 
the  earth  did  not  differ  greatly  (not  more  than  45)  from  that  of  the  earth's 
real  motion  in  its  orbit  at  the  time  when  the  meteor  appeared,  which  was 
nearly  from  the  S.W.  point  of  the  horizon.  The  greatest  length  which  can 
be  assigned  to  the  meteor's  real  path  is  rather  less  than  42  miles,  derived 
from  the  supposition,  as  above  assumed,  that  the  meteor's  real  course  was 
almost  horizontal  and  almost  exactly  directed  from  the  west.  But  if  the 
meteor's  real  path  was  more  inclined  than  this,  it  must  also  have  been 
shorter  (and  with  the  above  extreme  inclination,  which  it  might  he  possible 
to  assign  to  it  from  the  observations,  its  length  would  not  exceed  'M  miles*). 
As  the  whole  duration  of  the  meteor's  flight,  observed  at  Hawkhurst,  was 
six  seconds  well  counted  while  the  meteor  was  in  sight,  the  real  velocity  of 
its  motion  cannot  have  much  exceeded  seven  miles  per  second ;  and  under 
certain  possible  assumptions  of  its  apparent  course  at  lloss,  it  may  even  have 
been  less  than  this,  or  the  meteor  may  have  travelled  with  a  real  speed  of 
only  5J  miles  per  second.  While  the  average  real  velocity  of  shooting-stars 

*  By  supposing  the  meteor,  as  seen  at  Ross,  after  issuing  from  near  the  moon's  place, 
to  haye  descended  obliquely  at  an  angle  of  45°  with  the  horizon,  towards  the  left.  The 
drawings  represent  the  meteor  as  slightly  ascending,  rather  than  descending;  and  it  is 
described  as  advancing  a  considerable  space,  and  producing  a  luminous  train  of  ROIMO 
length,  after  leaving  the  moon's  side.  This  representation  of  the  meteor's  apparent 
course  at  Boss,  when  compared  with  the  Hawkhurst  observation,  agrees  exactly  with  a 
perfectly  horizontal  real  course,  directed  from  about  4°  south  from  west. 
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relatively  to  the  earth  is  fully  30  miles  per  second,  it  follows  that  in  this 
case,  where  the  meteor  was  evidently  overtaking  the  earth,  moving  nearly  in 
the  same  direction  with  it,  its  real  velocity  in  space  must  have  exceeded  that 
of  the  earth's  motion  in  its  orbit  by  not  much  more  than  7  miles  per  second. 
The  excess  of  the  velocity  of  a  meteor  overtaking  the  earth  directly  in  a  para, 
bolic  orbit,  above  that  of  the  earth's  mean  motion  in  its  own  nearly  circular 
orbit,  is  found  by  Dr.  Weiss  to  be  about  9|  miles  per  second*. 

The  following  letter  in  <  Nature/  May  16,  1872,  from  Mr.  G.  C.  Thomson, 
at  Cardiff,  affords  another  instance  of  bright  meteors  noted  during  the  past 
year,  the  real  course  of  which  appears  to  have  not  differed  greatly  in  their 
direction  from  that  of  the  earth's  motion  in  its  orbit,  at  the  time  of  their 
appearance  : — "  I  observed  a  meteor  at  about  half-past  eleven  on  the  night 
of  the  8th  inst.,  in  the  constellation  Scorpio,  which  passed  very  close  to  the 
star  Antarcs,  travelling  from  right  to  left.  It  appears  to  me  worth  remark- 
ing, from  the  fact  of  its  course  lying  very  near  and  roughly  parallel  to  that 
part  of  the  ecliptic  which  corresponded  to  the  earth's  position  in  her  orbit. 
It  traversed  some  8°  or  10°  of  arc,  and  was  visible  for  three  or  four  seconds, 
gradually  increasing  in  brightness  until  it  was  nearly  on  a  par  with  Antares, 
which  star  it  also  resembled  in  colour.  Its  slow  apparent  motion  imme- 
diately suggested  the  idea  that  it  was  moving  in  the  same  plane  and  direction 
as  the  ear tli,  in  fact  that  it  was  overtaking  us  in  an  orbit  just  outside  our 
own.  The  course  of  another  meteor  seen  about  half  an  hour  earlier  from  a 
westerly  window,  and  described  to  me  as  not  inferior  to  Jupiter  in  brightness, 
appears  also  to  have  lain  in  the  direction  of  the  ecliptic,  but  from  left  to 
right,  in  the  neighbourhood  of  the  constellations  Gemini,  Cancer,  or  Ix?o. 
It  is  rash  to  generalize  from  insuilicient  data  ;  but  I  conceive  these  meteors 
may  both  have  belonged  to  a  system  whose  orbit  lies  nearly  in  the  plane  of 
the  earth's  orbit,  the  apparent  retrograde  motion  of  the  last  named  being 
caused  by  the  direction  of  its  path  crossing  our  orbit  at  a  point  behind  the 
earth's  then  place,  instead  of  in  advance  of  it."  The  two  meteors  here  noticed 
appear  to  have  belonged  to  the  meteor-system  denoted  by  the  radiant-point 
Y,  presenting  itself  during  the  first  half  of  May,  near  the  centre  of  the  con- 
stellation Leo,  and  scarcely  more  than  20°  distant  from  the  point  in  the 
ecliptic  from  which  the  earth's  motion  is  directed  during  the  early  portion  of 
that  month.  The  apparent  motion  of  the  two  meteors  iu  opposite  directions 
(in  the  former  case  moving  eastwards  towards  Svorpius,  and  in  the  latter 
case  westwards  towards  the  constellations  Gemini  and  Cancer)  is  most 
readily  explained  by  the  effect  of  perspective  upon  their,  probably,  not  far 
from  really  parallel  courses,  joined  with  the  circumstance  that  in  their 
appearance  above  the  observer's  horizon,  at  Cardiff',  tho  meteors  successively 
presented  themselves  upon  opposite  sides  of  their  common  radiant-point. 
In  relation  to  the  probable  positions  of  their  apparent  radiant-centres,  both 

*  As  n  convenient  means  of  exactly  estimating  the  \cry  short  intervals  of  time  occupied 
by  meteors  in  their  flight,  it  may  be  sagirested  to  observers  to  repent  the  English  alpha- 
bet (or  as  nmny  letters  of  it  as  are  required,  rapidly  and  distinctly)  immediately  after  tho 
meteor's  appearance.  With  ordinary  tlaeney  of  pronunciation  ono  alphabet  occupies 
about  four  seconds,  and  fifteen  alphabets  can  'usually  be  repeated  in  one  minute,  tho  time 
occupied  by  n  single  syllable,  or  by  one  letter  of  the  alphabet,  when  thus  repeated,  being 
about  one-sixth  part  of  a  second.  *By  beginning  the  repetition  during  or  immediately  after 
the  meteor's  passage,  and  continuing  it  during  an  equal  period  of  time  to  that  in  which  it 
appeared  to  move,  a  pretty  exact  estimate  of  the  interval  may  thus  be  obtained  from 
memory.  In  ordinary  cases*  (where  the  time  of  the  meteor's  passage  docs  not  allow  more 
than  live  or  six  letters  of  the  alphabet  to  be  repeated)  the  observation  may  bo  repeated 
once  or  twice,  and  by  counting  the  number  of  letters,  in  each  case,  a  more  exact  average 
determination,  amounting  generally  to  a  vcrv  close  approximation,  may  bo  obtained. 

' 
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the  bright  or  reddish  colour  and  the  apparent  speed  of  motion  of  meteors  in 
their  flight  present  a  very  important  and  interesting  subject  of  study  and 
of  further  observation. 

1871,  September  2,  about  8h  15m  P.M. — On  this  and  the  following  dates 
some  bright  meteors,  proceeding  apparently  from  different  radiant-points 
from  that  in  Hercules  of  the  meteor  last  described,  were  noticed,  and  the 
following  was  recorded  by  Mr.  J.  M.  Wilson*,  as  it  appeared  to  him  on  the 
above  evening,  in  the  fading  twilight,  and  with  a  slightly  clouded  sky,  and 
to  other  persons  at  Croakbournc,  in  the  Isle  of  Man.  The  meteor  appeared 
in  the  west,  and  presented  a  visible  disk  of  about  the  apparent  size  of  an 
eighth  of  the  moon's  surface.  As  it  increased  in  size,  the  nucleus  broke  into 
three  following  and  connected  portions,  the  foremost  and  brightest  of  which 
was  white  ;  and  a  luminous  streak  remained  for  about  one  second  upon  the 
meteor's  course.  It  moved  for  two  or  three  seconds,  with  a  slow  and  uniform 
motion,  over  a  space  of  about  45°,  descending  nearly  vertically  in  the  west, 
from  between  the  stars  y,  ?r  Herculis,  crossing  Corona  to  a  little  below 
f  Bootis,  where  it  finally  disappeared,  about  15°  above  the  horizon. 

1871,  September  4,  9U  30m  P.M.— At  Erancepeth,  near  Durham,  Mr. 
Joseph  Lawson  communicated  the  followiDg  description  of  a  very  brilliant 
meteor  which  he  observed  at  the  above  hour ;  his  shadow  cast  before  him  as 
strongly  as  during  bright  full  moonlight,  causing  him  to  turn  in  time  to  see 
the  meteor  in  its  descent.  It  was  first  seen  passing  Polaris  and  descending 
towards  Ursa  Major  (see  the  accompanying  sketch) ;  intensely  white,  like  the 


Polaris 


Major  /  /  / 
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Point  of  the  meteor's 
explosion  and  subsequent  appearance. 

Meteor  seen  at  Evancepeth,  Durham,  Oh  30m  P.M.,  September  4,  1871. 

magnesium  light,  and  bursting  into  seven  fragments  as  it  approached  that 
constellation.  The  two  larger  fragments  appeared  each  to  be  not  less  than 
the  head  of  the  meteor  before  its  disruption,  nnd  all  were  white,  fringed 
with  blue,  and  died  out  as  sparks  falling  towards  the  earth,  but  apparently 
not  reaching  the  horizon.  The  meteor  burst  with  a  momentary  increase  of 
light,  and  the  fragments  remained  visible  for  about  three  seconds.  No 
sound  of  an  explosion  was  heejd  after  the  meteor's  disappearance. 

The  following  account  of  some  bright  meteors  visible  on  the  same  evening 
*  '  Nature/  September  14,  1871. 
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at  Bristol  was  received  from  Mr.  William  F.  Denning :— *"  On  September  4 
I  noticed  several  shooting-stars  that  were  quite  conspicuous.  At  9h  40m  one 
passed  slowly  down  from  the  N.E.  to  the  north  horizon.  It  was  of  globular 
form,  and  seemed  to  leave  sparks  in  its  flight.  No  train  of  light  marked  its 
path.  This  was  the  most  brilliant  one  that  I  saw,  and  was  equal,  I  imagine, 
to  a  .star  of  the  first  magnitude."  On  the  10th  of  September,  1871,  at 
7h  4m  P.M.,  a  very  brilliant  meteor  was  also  seen,  while  the  daylight  was  yet 
too  strong  for  any  stars  to  be  visible,  by  Mr.  8.  J.  Johnson,  at  Upton  Hclions, 
near  Crediton,  in  Devonshire,  and  by  several  other  persons  in  that  vicinity. 
It  described,  in  about  five  seconds,  a  course  of  15°,  from  an  altitude  of 
about  25°  to  an  altitude  of  about  10 J  above  the  south  horizon. 

A  large  meteor  is  stated,  in  the  *  Madras  Times,'  to  have  been  observed  at 
Trevandrum,  in  India,  on  the  night  of  the  21st  of  October,  1871,  which 
crossed  the  sky  from  the  north,  with  rapid  speed,  in  about  four  seconds, 
moving  at  an  altitude  of  35°  or  40°*. 

Some  accounts  of  other  bright  meteors,  noticed  towards  the  end  of  last  year, 
will  be  found  described  in  the  accompanying  general  list  of  such  observations. 

1872,  Feb.  7,  about  Oh  40m  P.M. — A  second  meteor  of  great  brilliancy  was 
seen  by  Mr.  Joseph  Lawson,  near  Urancepeth,  Durham,  on  this  evening,  of 
which  he  communicated  the  following  description : — 

The  meteor  .first  appeared  above  and  to  the  right  of  y  Cassiopeia?,  whence 
it  described  in  about  two  seconds  a  downward  course  of  about  .30°  towards 
the  west,  directed  nearly  from  Polaris.  It  appeared  small  at  first,  but  in- 
creased steadily  until  the  apparent  width  of  the  head  was  about.  :$<)'  of  arc, 
its  uniform  expansion  strongly  conveying  the  impression  of  a  gradual  approach 
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Position  of  a  meteor's  path  among  the  stars,  and  its  apparent  perspective  approach 
towards  the  observer,  near  Brancepeth,  Durham. — Feb.  7th,  1872, 

towards  the  observer's  place.  As  it  advanced  the  head  became  pear-shaped, 
intensely  white,  with  a  border  of  purple  light,  and  it  finally  burst  into  several 
fragments,  which  appeared  as  very  white  sparks,  advancing  further  upon  the 
meteor's  course,  and  speedily  becoming  red.  The  fragments  disappeared  from 
view  behind  the  smoke  of  a  neighbouring  colliery,  the  noise  of  whose  engines, 
close  at  hand,  prevented  the  sound  of  a  report,  if  any  followed  the  meteor's 
explosion,  from  being  heard. 
1872,  March  4,  7h  45m  P.M. — A  bright  meteor  seen  at  many  places  in 

*  '  Kature/  I)cecm1>er  £8,  1871. 
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England  was  thus  described  by  Mr.  T.  Perkins,  who  observed  it  at  Durham. 
The  Durham  Cathedral  clock  had  just  finished  chiming  the  hour  of  a  quarter 
to  eight  when  the  meteor  appeared.  The  apparent  size  of  the  nucleus  was 
much  larger  and  its  light  was  much  brighter  than  that  of  the  planet  Venus, 
and  it  appeared  of  a  brilliant  greenish-blue  colour.  It  described  a  course  of 

*"• 
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about  20°,  with  slow  motion  downwards,  in  about  2i  seconds,  and  vanished 
suddenly  (if  it  was  not  hidden  by  the  branches  of  some  neighbouring  trees) 
at  an  apparent  altitude  of  about  J2°  or  15°  (as  measured  afterwards  by  the 
elevation  of  the  trees)  from  the  horizon.  Its  point  of  disappearance  was 
about  8°  or  10°  below  a  point  between  the  stars  p  and  K  Orion  is.  Its  path 
was  slightly  curved,  as  shown  in  the  figure,  and  directed,  in  the  latter  portion 
of  its  flight,  very  nearly  from  the  Pleiades. 

Mr.  S.  H.  Miller  observed  the  appearance  of  the  meteor  near  AVisbeaeh  in 
Cambridgeshire,  its  light  causing  him  to  turn  round  and  to  note  it  in  the  last 
portion  of  its  flight.  In  apparent  size  it  appeared  to  be  about  one-third  of 
the  apparent  diameter  of  the  moon,  perfectly  white,  like  a  drop  of  liquid 
silver,  falling  in  the  west,  where  it  descended  to  the  horizon. 

At  Northwich,  in  Cheshire,  it  appeared  to  cast  as  much  light  as  the  moon 
shining  brightly  in  its  first  quarter.  It  shot  from  the  direction  of  the 
Hyades,  near  Aldebaran,  and  disappeared  close  to  Orion's  belt  (Manchester 
'  Examiner  and  Times ').  It  also  attracted  attention  at  Bowdon  near  Man- 
chester, where  it  was  observed  in  the  south-west,  descending  towards  the 
S.S.E.  horizon.  It  was  at  first  accompanied  by  a  reddish  train,  which  changed 
to  blue  and  left  some  sparks,  when  the  meteor,  with  a  dip  southwards,  sud- 
denly disappeared.  As  seen  at  Bolton,  near  this  point,  by  Mr.  A.  Oreg,  it 
appeared  facing  him  (and  to  another  observer,  "  low  down  in  the  sky"  before 
him)  as  he  looked  towards  the  south  ;  arid  it  disappeared  in  a  large  and  bril- 
liant flash  while  passing  over  the  belt  of  Orion. 

1872,  March  8,  9h  5m. — The  most  brilliant  meteor  recorded  during  tho 
year,  and  one  of  great  interest  from  the  southern  character  and  much  further 
westerly  situation  of  its  radiant-point  than  that  of  any  meteor-system  hitherto 
recognized  during  the  period  of  that  month,  was  observed  by  the  assistant  at 
Lord  Rosse's  Observatory  at  Birr  Castle,  in  Ireland,  and  was  thus  described 
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in  his  note  of  its  appearance  communicated  to  ( Nature '  of  the  14th  of  March 
last  by  Lord  llosse  : — 

•'  Observed  an  intensely  brilliant  meteor.  It  was  first  seen  in  the  region 
of  Lepus,  whence  it  moved  with  a  slow  and  steady  motion  across  the  heavens 
to  the  &.E.  horizon,  where  it  gradually  disappeared  in  a  bank  of  cloud  at 
about  9h  5m  19s  Greenwich  mean  time,  having  occupied  7  or  8  seconds  ia 
moving  over  50°  of  a  great  circle.  The  time  given  may  be  a  few  seconds 
wrong,  as  it  was  noted  by  an  ordinary  watch.  The  head  was  intensely  bril- 
liant, of  a  bluish-white  colour,  and  lighted  up  the  whole  slcy. 

"  Its  brightness  was  maintained  during  its  entire  visibility,  and  may  have 
been  as  great  as  the  moon  at  quadrature.  Apparent  diameter  of  the  head  42'% 
It  was  followed  by  a  very  narrow  tail  about  3°  in  length,  and  of  a  reddish 
hue.  It  did  not  leave  any  phosphorescent  train  behind  it ;  but  at  the  latter; 
part  of  its  course  it  threw  out  some  reddish  luminous  masses  that  gradually 
faded  away.  Its  apparent  course  was  in  a  great  circle  through  ft  Cauis  Ma- 
jo  ris  to  a  point  near  the  S.E.  horizon  in  azimuth  S«28£°E.,  and  altitude  8%°t 
For  ft  Canis  Mnjoris  the  azimuth  was  S.  20°  f)2'-4  W.,  and  altitude  10°  43'-3. 
—Observatory,  Birr  Castle,  March  8th,  1872." 

It  is  to  bo  regretted  that  a  meteor  of  such  unusual  splendour  and  magni- 
tude, which  must  (if  clouds  permitted)  have  been  widely  visible  over  the 
south  of  Ireland,  and  in  the  west  and  south-west  parts  of  England,  has  not 
received  any  public  or  private  notice  which  has  hitherto  come  to  the  know- 
ledge of  the  Committee,  nor  any  apparent  recognition  from  observers;  while, 
if  the  important  astronomical  interest  that  attaches  to  its  appearance  is  rightly 
understood,  the  great  advantage  of  their  investigation,  if  such  have  been  pre- 
served, it  may  yet  be  hoped,  will  prevail  upon  observers  to  communicate  them 
to  the  Committee. 

1872,  April  12,  4h  80m  P.M. — A  fireball,  not  less  brilliant,  but,  on  account 
of  its  appearing  in  the  daytime,  probably  less  conspicuous  than  the  preceding 
meteor,  was  seen  on  the  afternoon  of  the  above  day  by  Mr.  Whipple,  at  the 
Xew  Observatory,  by  whom  the  following  observations  of  its  appearance  were 
recorded*: — 

"  Yesterday  afternoon,  whilst  standing  on  the  lawn  of  the  observatory,  with 
my  back  to  the  sun,  which  WHS  brightly  shining,  I  saw  a  splendid  meteor  fall 
in  the  south-east.  The  sky  at  the  time  was  of  an  intense  blue,  and  cloudless, 
with  the  exception  of  a  few  cirri  in  the  north  and  north-west,  and  the  meteor, 
as  seen  against  it,  presented  the  appearance  of  polished  silver.  The  flight  of 
the  meteor  was  almost  vertical,  at  an  altitude  of  about  J$0°;  its  extent  was 
about  10°,  and  the  tail,  which  seemed  to  hang  in  tho  air  and  fade  away  like 
the  tail  of  a  rocket,  was,  at  the  instant  of  explosion*  probably  3°  in  length. 
There  was  no  report  accompanying  its  disruption,  or  it  would  certainly  have 
been  heard,  the  neighbourhood  being  very  still  at  the  time.  Immediately  on 
its  disappearance  1  looked  at  my  watch  ;  it  was  4h  3(>m  P.M.,  Greenwich  mean 
time.  Had  the  fall  occurred  after  dark,  I  have  no  doubt  but  that  the  meteor 
would  have  exhibited  a  magnificent  spectacle  ;  for  its  brilliancy  far  exceeded 
that  of  the  moon  as  seen  by  daylight." 

1871,  December  Oth,  <Sh  14m*r.M,,  or  8h  15m  P.M.— A  meteor  of  great  bril- 
liancy was  recorded  at  the  former  hour  at  Birmingham  by  Mr.  Wood,  and  at 
the  latter  hour  at  Beeston  Observatory,  near  Nottingham,  by  Mr.  Lowe.  The 
descriptions  of  these  meteors,  which  are  included  in  the  following  general 
list,  differ  in  some  important  physical  respects,  which  might  almost  lead  to  an 
independent  conclusion  that  two  different  meteors  were  observed,  The  meteor 
*  '^aturtV  April  18,  1872. 
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seen  by  Mr.  Wood  at  Birmingham  was  deep  blue ;  its  nucleus  disappeared 
without  apparent  expansion  or  explosion,  and  left  a  very  slight,  evanescent 
streak  upon  its  course.  The  meteor  observed  by  Mr.  Lowe  at  Beeston  was 
distinctly  red ;  it  burst  with  a  flash,  and  left  a  very  enduring  streak  of  red 
points  upon  its  course,  With  these  essential  differences  of  character  (and 
even,  with  the  short  interval  of  only  one  minute  between  the  times  of  their 
observations),  the  identity  of  the  meteor  seen  at  Beeston  with  that  observed 
"by  himself  is  regarded  by  Mr.  Wood  as  not  sufficiently  established,  or  as 
being  at  least  open  to  question,  in  the  absence  of  further  observation.  The 
recorded  positions  of  the  meteors'  paths  are,  moreover,  so  close  to  each  other, 
that  although  they  present  a  small  displacement  in  the  right  direction  to  bo 
produced  by  the  great  distance  (about  45  miles)  between  the  observers'  places 
at  Beeston  and  Birmingham,  yet  the  unusual  height  of  300  miles  above  the 
earth  at  first  appearance,  and  of  240  miles  at  disappearance,  which  their 
comparison  together  would  suppose,  must  bo  regarded  as  requiring  a  proof 
from  further  observations,  of  which  nono  have  hitherto  been  received  by  the 
Committee. 

III.  AEROLITES. 

The  following  accounts  of  two  aerolites  which  fell  last  year  are  extracted 
from  the  scientific  journals  in,  which  their  descriptions  have  recently  ap- 
peared. 

1.  Soarsmont,  Maine,  U.S.,  1871,  May  21,  8h  A.M.  (local  time). — Professor 
Bhephard,  of  Amherst  College,  Massachusetts,  has  published  some  particulars 
respecting  the  meteoric  stono  which  fell  at  Searsmont,  Maine,  U.S.,  on  May 
gist,  About  8  A.M.  there  was  heard  an  explosion,  like  the  report  of  a  heavy 
gun,  followed  by  a  rushing  sound  resembling  the  escape  of  steam  from  a 
toiler.  The  stone  fell  in  a  field,  and  a  lady  who  was  in  a  house  close  by 
saw  the  earth  scattered  in  all  directions  as  it  entered  the  ground.  The  hole 
which  it  made  was  soon  found,  and  on  digging  down  the  fragments  were 
found  still  quite  hot,  the  outside  surfaces  showing  plainly  the  effects  of 
melting  heat.  The  largest  piece  weighed  two  pounds,  and  the  fragments 
altogether  twelve  pounds.  They  emitted  an  odour  like  that  of  Hints  when 
rubbed  violently  together.  The  hole  made  by  the  falling  body  was  two  feet 
in  depth,  the  soil  being  a  hard  coarse  gravel ;  but  the  fracture  of  the  stono 
was  obviously  occasioned  by  its  striking  against  three  large  pebblos,  each 
about  four  pounds  in  weight.  Professor  fchephard  obtained  and  examined 
the  largest  fragment  of  the  aerolite.  Fully  one  half  of  its  surface  was  coated 
-with  the  original  crust,  and  the  shape  would  seem  to  denote  that  the  perfect 
mass  had  been  of  an  oval,  subconical  figure  with  a  flattish  base,  so  as  on  ihe 
•whole  to  have  approached  the  shape  of  the  famous  Duralla  stone  now  in  the 
British  Museum.  Among  the  constituent  elements  were  found  meteoric  iron, 
peroxide  of  iron,  chladnite,  troilite,  together  with  a  single  blackish  mass 
-which  Professor  IShephard  considered  was  in  all  probability  a  plumbaginous 
aggregate.  The  following  notice  of  its  composition  has  also  recently  ap- 
peared : — 

"  This  meteoric  stone  has  been  examined  by  Dr.  Lawrence  Smith  (Silliman's 
'  American  Journal  of  Science,'  September  ]  871,  p.  200).  He  finds  it  resemblo 
very  closely  the  Mauerkirchen  stone  that  fell  in  1708,  tho  crusts  correspond- 
ing quite  closely  both  in  thickness  and  appearance;  the  Mauerkirchen  stone, 
however,  has  not  well-marked  globules  liko  that  of  Searsmont,  and  in  this 
respect  it  corresponds  more  nearly  to  the  Aussun  aerolite,  Its  specific  gravity 
was  3*701,  and  its  composition  is — 
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Nickeliferous  iron    14*63 

Magnetic  pyrites ,3-06 

Olivino 43-04 

]3ron;dto,  a  hornblende  with  a  little  albitc  or  ortho- 

clase,  and  chroino  iron    39-27 

lOO-OO 

With  the  bron/ito  there  may  also  be  some  cnstatite,  which  would  bo  con- 
founded with  the  former  if  existing  in  the  stone." 

2.  Montereau  (Seine  et  Manic),  France,  November  1871. — "It  is  stated 
that  an  aerolite  weighing  127  Ibs.  fell  lately  near  Montereau  (Seine  et  Manic), 
in.  France.  It  appears  to  have  come  from  the  cast,  and  burst  with  a  loud 
explosion,  giving  a  bright  blue  light.  It  is  of  an  irregular  spheroid  shape, 
and  black,  and  is  to  be  sent  to  the  Academy  of  Sciences." — 4  Nature,'  Novem- 
ber 30th,  1871, 

I\r.  METEOIUC  SEOWERS. 

In  the  prosecution  of  a  system  of  observations  on  the  annual  meteor- 
showers  of  the  past  year,  proposed  to  engage  the  constant  attention  of  tho 
Committee  since  their  last  Kcport,  a  more  than  usually  abundant  series  of 
successful  observations  were  made,  exhibiting  with  greater  completeness  than 
in  previous  years  tho  general  character  of  the  displays,  which  have  presented 
themselves  with  moro  than  ordinary  prominency  on  each  of  tho  annual 
shower-meteor  dates. 

A  first  description  of  the  observations  collected  at  tho  several  British  Asso- 
ciation Stations  on  the  nights  of  the  9th  to  the  12th  of  August  last  is  con- 
tained in  tho  Quarterly  Journal  of  the  Meteorological  Society  for  the  15th 
of  November,  1871,  where  the  numbers  of  meteors  mapped  at  the  different 
stations,  and  their  rate  of  frequency  at  certain  places  where  their  numbers 
were  counted  in  successive  hours  and  half-hours,  were  for  the  most  part  fully 
stated.  The  following  are  some  additional  observations  relating  especially  to 
this  latter  point,  and  to  the  general  characters  of  tho  August  shower  in  Ib71, 
as  they  were  recorded  by  the  different  observers. 

The  numbers  seen  per  hour  by  Mr.  Wood  at  Birmingham  were,  on  tho  night 
of  the  9th  twelve,  on  tho  10th  twenty-four,  and  on  the  llth  sixteen.  Tho 
meteors  came  in  groups,  with  lulls  ;  they  were  mostly  small,  and  with  a  much, 
larger  proportion  than  usual  of  orange-coloured  and  train-bearing  meteors. 

In  the  watch  kept  by  Captain  Macloar  at  the  lloyul  Naval  College  at 
Portsmouth  on  the  night  of  the  10th,  the  sky  was  throughout  clear  or  over- 
spread  with  such  a  slight  ha/.o  as  only  occasionally  to  dim  the  faintest  stars; 
and  all  tho  brightest  meteors  visible  were  noted  between  11  o'clock  P.M.  and 
2  o'clock  A.M.  from  a  favourable  point  of  view  upon  the  College  roof,  where 
a  number  of  tho  brightest  meteors  visible  between  llh  45m  and  12h  45m 
was  also  added  to  the  list  by  Lieutenant  Mathias,  whoso  attention  was  di- 
rected towards  a  different  quarter  of  the  sky  ;  and  the  number  of  meteors 
visible  in  a,  somewhat  less  favourable  position  between  I0h  and  llh  P.M.  was 
also  counted  alone  by  Captain  Maelear.  Deducting  ono  quarter  of  the 
meteors  Been  between  11 h  45m  and  12h  4r>m  as  having  been  observed  by 
Lieut.  Mathias,  tho  remaining  numbers  of  bright  meteors  seen  by  Captain 
Maclear  alone  in  tho  successive  half-hours  ending,  during  the  night  of 

Aug.  10th,  at  10"  30"1,  llh,  Hh30m,  12h,  12U30™,  13h,  i:*h30m,  14h,  Total 
were      5         10        10       12        21       22        14        23     117, 

showing  an  increase  in  tho  rate  of  frequency  until  the  end  of  tho  watch. 
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Besides  those  noted,  many  smaller  meteors  passed  unrecorded,  about  two 
thirds  of  the  meteors  counted  being  as  bright  as  first,  and  some  of  the  rest  as 
bright  as  second-magnitude  stars.  But  few  meteors  were  visible  on  the  night 
of  the  9th ;  and  twelve  were  seen  between  9h  and  10h  P.M.  on  the  llth. 
Between  10h  and  llh  P.M.  on  the  llth  no  shooting-star  was  visible,  although 
the  sky  was  then  as  clear  as  it  had  been  during  the  previous  hour,  or  on 
the  night  of  the  10th.  A  bright  meteor  shot  downwards  through  Corona  soon 
after  10h  30m,  and  a  remarkably  large  one  close  to  Saturn  soon  after  10h  45m 
P.M.  on  the  10th.  The  latter  meteor  was  pear-shaped ;  it  lighted  up  the 
objects  round  the  observer,  and  burst  at  the  end  of  its  course  like  a  shell. 

This  meteor  was  also  seen  at  Cardiff,  and  was  described,  in  a  communi- 
cation to  Mr.  Glaisher  on  the  meteors  of  that  evening  by  Mr.  G.  C.  Thompson, 
as  follows : — "  Aug.  10th,  10h  51m  P.M.  Meteor  equal  to  or  larger  than 
Venus ;  from  direction  of  al5  a2  Capricorni,  downwards  towards  the  west  (right 
hand),  inclined  about  00°  to  the  horizon.  Beautiful  light-green  hue.  Near 
the  end  of  its  course  it  seemed  to  divide  into  several  fragments,  or  a  small 
cloud  of  sparks."  It  was  also  visible  at  Greenwich,  where  the  following 
notes  of  its  appearance  were  recorded  by  Mr.  Glaishcr's  staff  of  observers  at 
the  Royal  Observatory  : — "  Aug.  10th,  10h  51ln  15'  P.M.  Brighter  than 
Jupiter ;  pale  green  ;  duration  of  flight  0-7  second ;  length  of  course  5° :  left 
a  fine  train.  Meteor  pear-shaped ;  from  12°  below,  and  to  right  of  Antarcs, 
fell  perpendicularly."  At  Hawkhurst  a  broad  red  flash,  like  that  of  lightning, 
was  visible  in  the  sky  at  10h  50m  P.M.  ;  but  the  meteor  itself  was  not  seen. 
It  was,  however,  well  seen  in  the  neighbourhood  of  Hawkhurst,  and  a  pretty 
accurate  measurement  of  its  apparent  path  by  objects  near  which  it  appeared 
to  pass  was  there  obtained.  It  fell  nearly  vertically  from  about  20°  to  about 
3°  or  4°  above  the  horizon,  60°  W.  from  magnetic  south,  with  no  great  speed  ; 
and  it  appeared  to  burst,  with  sparks,  when  at  its  brightest.  At  1 1 h  2m,  .Paris 
time,  corresponding  within  a  few  minutes  with  the  time  of  this  observation,  a 
meteor  of  twice  the  brilliancy  of  Venus,  of  strong  whitish  light,  like  an  electric 
spark,  was  also  seen  in  the  south  by  the  observers  of  M.  Le  Terrier's  staff  at  St. 
Lo,  on  the  French  coast  of  the  English  Channel,  and  at  Angers  on  the  Loire. 

Of  the  other  bright  meteors  seen  at  Portsmouth  on  the  night  of  the  10th, 
one  descended  towards  the  east,  and  burst  at  disappearance,  at  about 
12h  45m;  and  one  passed  across  Polaris  at  12h  55m.  At  about  lh  30m  a 
bright  green  meteor  appeared  in  the  S.S.E.,  at  an  altitude  of  about  10°, 
moving  towards  the  S.S.AV.  Shortly  afterwards  a  very  blight  one  passed 
across  Pegasus  towards  the  S.W.,  with  an  explosion  at  disappearance.  One 
of  the  last  two  meteors  may  not  impossibly  ho  identical  with  a  fireball  ob- 
served by  the  observers  of  M.  Le  Verrier's  staff  at  Tremont  at  1 h  32m  49"  ( Paris 
time)  on  the  same  night,  which  passed  from  11. A.  235°,  N.P.D.  29°,  to  It. A. 
233°,  N.P.D.  39°,  and  burst  at  disappearance  with  a  strong  red  light,  leaving 
a  luminous  streak  upon  its  course  that  was  visible  for  33  seconds. 

On  each  evening  of  the  shower  the  numbers  of  the  meteors  were  also  noted, 
under  favourable  conditions  of  the  sky,  by  Mr,  "W.  P.  Denning,  at  Bristol, 
with  the  following  results : — 


Meteors, 

Aug.    9..1P  30m  to  12h  7 

„       9..12h         to!3h  27 
„       9,.13h         to!4h  8 

„       O..14h          to!5h  21 

„     10..10h         tollh  17 

„     10..11h         to  12*  27 

„     10..12h         to!2h30m  27 


Mel  cor  B. 

Aug.  1  1  .  .  1  Oh  35m  to  10h  50m     18 
ll..llh          tol2h  29 

U.J2h  to!2h!5m  10 
11..12h  15rn  to  12h  30m  15 
11.  J2h30m  to  13h  23 


h 


to]3 
15m  to  13h  30m     14 
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Attention  was  principally  directed  to  the  northern  sky,  and  many  meteors 
doubtless  escaped  observation.  Most  of  those  observed  were  especially 
small  ones ;  those  seen  on  the  9th  were  nearly  all  minute  and  scarcely  dis- 
cernible. Several  brilliant  ones  were  seen,  however.  At  12h  23m  on 
August  10,  a  meteor  of  great  lustre,  and  star-like  in  appearance,  diverged 
from  Perseus  towards  the  horizon.  It  was  of  a  blue  colour,  and  left  a  lumi- 
nous streak  which  was  visible  for  about  four  seconds. 

At  10h  44m  on  August  11,  another  brilliant  one,  about  as  bright  as  Venus, 
was  visible  in  Ursa  Minor,  and  the  train  of  light  which  it  left  was  visible 
for  a  few  seconds.  It  was,  however,  at  12h  50m  on  the  latter  date  that  the 
most  brilliant  meteor  was  seen.  It  passed  between  the  fourth-magnitude 
stars  e  and  £  Cygni,  and  soon  afterwards  disappeared,  leaving  a  train  of  light 
which  endured  for  about  seven  seconds.  This  one,  like  the  great  majority 
of  those  observed,  radiated  from  or  nearly  from  the  small  star  B  Camelopardi. 

The  first  of  these  bright  meteors  corresponds  with  an  observation  at 
Cardifl',  contained  in  the  description  of  the  star-shower  on  the  10th  of 
August  communicated  to  Mr.  Glaisher  by  Mr.  G.  C.  Thompson  ; — "August 
11,  I2h  2l2m  A.M. — A  meteor,  as  bright  as  Venus,  passing  downwards  between 
a  and  /3  Auriga^,  from  the  direction  of  the  sword-handle  in  Perseus.  Fine 
purple  colour  ;  leaving  a  portion  of  phosphorescent  train  visible  for  about 
half  a  minute,  which  had,  I  think,  a  lateral  drifting  motion  in  the  direction 
of  ft  Auriga\" 

No  sound  followed  the  explosion  of  any  of  these  meteors.  Mr.  Denning 
acids  the  following  list  of  observations  of  the  same  shower  by  Mr.  Edmund 
Keison  in  London,  who  was  assisted  in  his  watch  for  the  meteors  by  two 
friends,  and  who  recorded  tho  numbers  visible  on  successive  nights. 

Meteors  observed  in  August  1871. 


i 

Bright    Total       Xo.    ! 

Pate. 

Time. 

1    me-      num-      ]>cr    '                 Remarks. 

:  teor>.      her.    f  hour. 

h 

in        h 

in 

i 

August    G  9 

;>8  to  10 

47 

G 

IT)          18       T\>o  extremely  brilliant. 

„        7  H 

f>8  to  10 

:J5 

17          43         4J7       Four  extremely  brilliant. 

8  

(^ 

4.~>  to  10 

IS          11          29     !     ,"3     !  Two  extremely  brilliant. 

i 

(3')m) 

9  '       9 

;r>  to  10 

.'H 

21          ('.2     |     43       Five  very  brilliant. 

(i"  iy,»>) 

„       10  j     10 

7  to  10 

i>8 

31          90        100       Four  very  brilliant. 

„      11  Clouch  ;  clear  but 

i 
1     !       2          ...       One  very  bright. 

for  :>»' 

„      12  

9 

r>r>  to  10 

20 

10 

20         39     ,  Three  very  bright. 

(31'") 

„      13  

9 

Oto    9 

50 

10 

25         27     !  Two  very  brilliant. 

Totals    

OH  48- 

107 

286 

Tbc  total  number  of  meteors  observable  was,  without  doubt,  over  500,  as 
only  about  one  half  of  the  sky  was  kept  under  view.  Tho  following  par- 
ticulars were  recorded  of  some  of  the  most  brilliant  meteors  which  came 
under  observation. 
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Date. 

Time. 

Remarks. 

August    0    
,,         6    
»        7    

7    
7    

8 

h 
9 

10 
10 

10 
10 
0 

m 
58 

40 
15 

27 
35 
45 

B 

0 
0 
0 

0 
30 
0 

From  «  Cassiopeia^  to  a  Andromeda?.     Very  brilliant 
bluo  meteor,  leaving  a  long  streak. 
A  very  bright  meteor  traversed  the  centre   of  Ursa 
Major. 
From  near  a  Ilerculis  to  Libra.     Loft  a  bright  yellow 
train. 
From  (3  Opliiuchi  to  Saturn. 
From  (3  Pegasi  to  a  Aquarii. 
From  Cassiopeia  to  Oven  us.     Left  a  bright  streak. 

8    
0    
9     
D     
9 

10 
9 
I) 
10 
10 

7 
50 
52 
12 

17 

0 
0 
0 
0 

o 

From  a  Lyr.t  (Vega)  to  Sagittarius.     Lett  a  long  train 
From  Cassiopeia  to  a  Lyra?. 
From  Cassiopeia  to  Cygnue. 
From  Lyra  to  Pegasu.s. 
From  Cassiopeia  to  Delphinus.  leaviiiff  a  lone  train. 

0    ...  . 

10 

80 

o 

From  Cassiopeia  to  y  Pe<r<isi.     Left  a  lonflp  train. 

10    
10    

10 
10 

5 

40 

0 

o 

From  /3  Cygni  to  a  Aquila1.     Yellow. 
From  Draco  to  Serpen.s.     Left  a  long  train. 

10 

10 

45 

o 

From  Lyra  to  Ophiuchus      Left,  a  long  yellow  train. 

10     
10    
11    

10 
10 
10 

50 
55 
10 

0 
0 
0 

From  Cassiopeia  to  Lyra.     Left  a  long,  pale-blue  train. 
From  Cassiopeia  to  Cepheus.     Loft  a  long  train. 
From  Aouila  to  Sagittarius. 

12    
12    
12    

10 
10 
10 

3 

7 
10 

0 
0 
0 

Along  the  Milky  Way  to  Saturn. 
Towards  the  south,  near  Saturn. 
From  tj  Pegasi  to  Andromeda.     Left  a  streak. 

13 

f) 

33 

0 

From  Cepheus  to  Per^eu^      Loft  a  brilliant  train 

13    

<) 

56 

0 

From  Capricornus  to  Sagittarius      Fast  and  brilliant. 

At  Hawkhurst  tho  appearance  of  tlie  lust  meteor  but  one  of  this  list,  on 
the  13th,  was  recorded  at  9h  3i}m,  slowly  and  steadily  increasing  to  a 
bolide  of  about  the  brightness  of  Venus,  of  nearly  white  or  pale  yelluw 
colour,  tapering  behind  to  a  narrow  train,  which  marked  its  track  for  a 
few  seconds.  It  first  appeared  close  to  h  Ursa?  Majori^,  and  fell  perpen- 
dicularly, about  12°  along  a  lino  drawn  from  9  Drnconis,  or  from  between 
the  stars  e  and  £  Ursoo  Minoris,  towards  the  horizon.  The  meteor  ap- 
peared in.  full  view,  and  the  point  of  first  appearance  and  the  length  and 
direction  of  its  flight  (apparently  from  Draco)  were  very  exactly  noted. 

A  detailed  description  of  the  various  meteors  of  tho  shower  recorded  at  the 
lladcliffo  Observatory,  at  Oxford,  was  also  obligingly  communicated  to  tho 
Committee  by  Mr.  Main.  The  meteors  were  chiefly  observed  by  Mr.  Lucas, 
who  was  occasionally  assisted  by  Mr.  Keating  ;  and  the  following  Table  shows 
tho  number  of  tho  meteors  which  were  noted  on  the  successive  nights. 


Xo.  re- 

Date. 

Time. 

No.  of 
meteors. 

corded 
per 

llcmarks. 

hour. 

h    m         h     m 

Aug.    7... 

9  40  to  13     0 

10 

3 

Watch  kept  until  13h  30m  ;  no  meteors  an 

(3h  20tn) 

bright  as  Ist-mag.  stars  observed. 

8... 

9  30  to  14  49 

47 

9 

Watch   until   15h.     Motion  of  the  meteors 

(5h  19m) 

mostly   very  rapid.      Eleven   meteors  — 

1st-  mag.  stars. 

9.. 

9  11  to  14  57 

57 

10 

Watched  from  8h  to  15h  30Jn.     Seven  me- 

(5* 4G-) 

teors—  Ist-mag.  Blurs. 

„      10... 

9     8  to  14  44 

100 

18 

Watched  from  8*  30'"  to  15h.     Four  me- 

(5h 3Gm) 

teors  brighter  than  the  fixed  stars.  Seven- 

teen meteors  =lst-mag.  stars. 

„      11.. 

9     1  to  15    9 

102 

17 

Watched  from  8h  30m  to  lf>h  10m.     Three 

(6h  8m) 

meteors  brighter   than   the    fixed   stars, 

Nineteen  meteors  =  lst-mag.  stars. 

Totals    ... 

2G"  Um 

316 
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The  following  particulars  of  some  of  the  most  remarkable  meteors  are  con* 
tallied  in  the  list  of  observations,  of  which  a  full  description  will  be  included 
in  the  forthcoming  printed  volume  of  the  lladclUFo  Observations. 


Date. 


Time. 


Remarks. 


August 


8. 
8. 
9. 
9. 

9. 
9. 

9. 
10. 

10. 
10. 
10. 


h  m 

12  30 

13  40 
9  14 

10  fM 

12  18 

13  1>0 

14  4.3 
10  2*J 

10  r»l 

11  17 
1:3  30 


11 .. 


n  ....  10   ,V"> 


Ji . 
11 . 

u ., 
11 . 


.    12  (i 

j  12  30 

12  f>4 

.    14  4 


10..     14     10 


10     II 


Meteor  =  lst-mag.  *  ;  white;  duration  ono  second.  Shot  from 
X  Dracoriis  to  a  Coronae.  Curved  path  and  long  train. 

Meteor  « 1  &t-mag.  *;  white;  duration  two  or  three  seconds. 
Shot  past  a  Lyra?  northward*,  leaving  a  streak. 

Mr.  Keating  saw  a  meteor  pass  through  the  field  of  the  Transit- 
circle  while  looking  for  a  star  near  the  south  hori/on. 

Meteor  =  2nd-mag.  *;  duration  ono  and  a  half  second.  From 
0  Cassiopeia?  to  8  Cygni.  Meteor  with  a  long  course  and 
streak. 

Meteor = Ist-mag.  #  ;  duration  one  and  a  1  ml f  second.  Shot  from 
«  Delphini  pnst  (3  Aquilav,  leaving  a  streak. 

Two  meteors  — Und-mag.  *s  appeared  in  quick  succession,  with 
an  interval  of  about  ono  second  between  them,  passing  on 
nearly  the  same  course  from  a  point  near  a  1'iscium  toward* 
TJ  Ceti. 

Meteor=:2nd-mag.  *;  white;  duration  two  second*  Passed 
from  x  Draoonis,  just  under  Polaris,  — *-.  This  meteor 
had  the  slowest  motion  of  any  observed  in  this  night's  watch. 

Brighter  than  a   Ist-mag.  *;  red.     Shot  from  /3  Pegasi  to  a  ( 
punt  near  ft  Aquarii.     This  meteor  rapidly  followed  two  ' 
other  meteors  equal  to  2nd  and  Ist-mag.  *s  in  Bootes,  and 
directed  from  ft  Andromeda;  to  y  Pognoi. 

A  ilat«h  of  red  light  from  the  south  was  visible  in  the  sky,  re- 
sembling lightning.  [Meteoric*  See  ubcm*.] 

As  bright  as  Jupiter ;  duration  tw  o  second**.     From  a  point 
under  y  Ur*«ti>  Major  is  to  the  north  horizon. 

Brighter  than  a  Ist-mag.  *;  yellow.  Passed  from  y  Ca- 
melopardif  to  a  Ursa*  Mnjoris.  leaving  a  brilliant  train, 
alx>ut  1,V  in  width,  visible  for  about  fifteen  seconds,  just 
under  Polaris,  after  the  meteor  had  disappeared.  Certainly 
the  mo*!  brilliant  train  1  have  ever  neon.  A  streamer-look- 
ing appearance  was  visible  in  the  place  for  half  an  hour,  and 
was  reeogni/ed  by  Mr.  Keating  at  l.'Ju  I)111.  (The  meteor  was 
iiUoftoen  nt  Leamington,  and,  as  will  shortly  be  described,  by 
Mr.  Givg,  at  ManchcNter.] 

Meteor^  l&t-mag.  *  ,  \\!>ite ;  duration  one  second.  Passed  from 
a  point  near  y  <'\^TH  to  »;  IVg.ivi.  [From  radiant  in 
1'ygnus  ]  At  14h  l.'J1"  t\\o  met cor>  =  Ith-mag.  «s.  appeared 
at  the  same  instant  moving  in  pai'allel  paths  between  /iand  r/, 
and  between  «  and  y.  nero-»  the  constellation  Pegasus. 

Brighter  than  n  U(-mag.  #  ;  dtuation  one  and  a  half  second. 
Shot  from  >/  I'erscM*,  increasing  in  brightness,  and  changing 
from  ml  to  blue,  and  leaving  a  streak,  until  it  burst  over 
y  Andromeda1. 

Meteor  =  1st  -mag.  *;  duration  one  second.  Passed  from 
<7  (Vgni  to  a  point  south  of  a  l/sro\  leading  a  bright  train. 
This  train  w:m  in  tno  j>ar.illel  lines,  which  slowly  joined 
together  sideways,  and  then  disappeared  ^Mr.  Keating). 

Two  t'ourth-magiuhide  meteors,  v*ith  an  interval  of  tuo  seconds 
between  them,  shot  from  £  Aquarii  to<$  l'npricornitand  from  j 
«  Aquarii  to  fi  Aquarii. 

As  bright  as  Jupiter.     From  a  point  between  /?  and  £  Draconis 
to  halfway  between  n  Coroiuv  and  a  Ophiuehi.     Left  a  train  i 
risible  for  five  or  six  seconds.   (The  beginning  of  the  meteor's 
course  not  well  seen.) 

As  bright  as  Jupiter  ;  jcllow.  From  i  Tauri  to  a  little  below 
Aldebaran.  Left  a  streak. 

Two  second  and  fourth-magnitude  meteors  appeared  imme- 
diately following  each  other  from  y  "Ursa*  Minoris  to  between 
»j  and  9  Draconis,  and  from  a  point  just  over  A  TJrsae  Majoris, 
descending  vertically. 


t  Known  in  maps  of  Bode's  Constellations  as  the  star  m  Custodis. 
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The  following  observations  of  tho  shower  by  Mr.  R.  P.  Greg,  at  Man- 
chester, on  the  night  of  the  10th,  and  at  Bolton  on  tho  nights  of  the  llth 
and  12th,  describe  the  unusual  appearance  of  one  of  the  most  remarkable 
meteors  recorded  in  the  above  list : — "  The  number  of  the  meteors  was 
larger  than  usual,  though  not  remarkably  so.  On  the  10th  and  llth, 
between  10U  30m  and  12h,  I  did  not  perceive  much  difference  in  the  horary 
numbers:  perhaps  foiu*  or  five  in  a  minute  for  two  observers;  coming 
sometimes  four  or  five  nearly  together,  and  then  several  minutes  passing 
without  any  being  visible.  On  the  evening  of  the  12th  there  was  a  great 
falling  off,  not  only  in  the  numbers,  but  also  in  the  size  and  flashing  train 
peculiar  to  the  PerscYds.  At  about  9h  30m  P.M.  on  the  lUth,  before  I  looked 
out,  I  heard  that  a  splendid  meteor  was  seen  here. 

"At  12h  3Lm,  on  the  night  of  the  10-  llth  of  August,  a  very  remarkable 
meteor  appeared  in  tho  S.E.,  which  I  hope  may  have  been  doubly  observed, 
although  it  was  visible  after  the  time  appointed  for  the  simultaneous  watch. 
It  commenced  close  to  ft  Andromeda),  moving  nearly  on  a  line  from  rj  Persei 
to  a  point  a  little  beyond  the  star  y  Pegasi,  which  it  almost  crossed, 
describing  a  course  of  10°  or  12°  in  about  two  seconds.  The  nucleus  had  a 
sensible  disk  of  about  2'  in  diameter,  and,  together  with  the  train,  showed 
prismatic  colours.  The  train  lasted  twenty  or  thirty  seconds,  and  soon 
assumed  a  serpentine  appearance.  It  was  one  of  the  most  beautiful  meteors 
I  have  seen.  About  four  or  iive  seconds  after  it  had  disappeared,  it  broke  out 
again  five  or  six  degrees  further  on,  near  X  Piscium,  moving  exactly  in  the  same 
direction,  apparently  the  same  meteor  over  again,  about  half  its  former  size, 
but  with  the  same  colours,  and  leaving  a  bright  streak  on  this  part  of  its 
course  for  about  three  seconds.  What  appears  most  unaccountable  was  that 
it  broke  out  again  three  or  four  seconds,  at  least,  after  it  should  have  done, 
had  it  been  the  same  meteor  continuing  onwards  at  tho  same  velocity.  It 
seemed,  instead,  to  be  another  meteor,  although  it  must  have  been  the  same  ; 
but  how  its  speed  could  be  so  checked  after  it  first  ceased  to  be  visible,  and 
it  could  then  go  on  at  the  same  speed  as  before,  1  do  not  know.*' 

The  results  of  the  regular  observations  made  at  the  Itoyal  Observatory  at 
Greenwich,  by  Mr.  Glaishcr's  staff  of  observers,  are,  in  point  of  numbers  and 
of  the  brightness  of  the  meteors  seen,  very  similar  to  those  obtained  at 
Oxford,  the  watch  on  the  nights  of  the  10th  and  llth  being  kept  for  about 
six  hours  and  four  and  a  half  hours,  and  during  from  two  to  three  hours  on 
each  of  the  remaining  nights.  The  total  number  of  meteors  mapped,  by  the 
parties  of  from  one  to  four  observers  who  watched  during  a  space  of  about 
25h  501U  on  the  different  nights  was  470  ;  and  the  average  number  per  hour, 
with  that  of  the  meteors  equal  to  or  brighter  than  first-magnitude  stars 
alone,  recorded  on  each  night  is  shown  in  the  following  Table : — 

Date,  1871,  August 0  7  8  9     10  11     12  13 

Average  hourly  \  Bright  meteors  ..4  5  5  1)14  9       4  3 

numbers  of    J  Total  mapped    .  .      8  10  14  20     28  20  J  14  9 

No.  of  observers 1  2  2  3       4  2       2  2 

The  first  meteor,  equal  to  or  exceeding  the  brightness  of  Jupiter,  seen 
during  the  display  was  that  already  noticed,  which  was  recorded  at  10h  51m 
P.M.  on  the  night  of  the  10th.  At  9h  30m  P.M.  on  the  llth  a  bluish-white 
meteor,  brighter  than  Venus,  appeared  low  down  near  the  eastern  horizon, 
immediately  below  y  Andromedac.  At  10h  15m  P.M.  on  tho  same  evening  a 
similar  meteor,  brighter  than  Jupiter,  appeared  near  b  Lj-ncis,  and  moved 
about  15°  in  1$  second  in  a  direction  from  c  Oamelopardi,  leaving  a  bright 
gtyeak  for  three  seconds.  A  meteor  of  the  same  magnitude,  which  appeared 
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at  10h  23m  30"  P.M.  on  the  evening  of  tho  12th,  and  which  left  a  fine  streak, 
moved  from  a  different  radiant-point,  for  about  l.|   second,  in  a  conrse 
of  10°  between  ft  and  i\  Pegasi,  from  tho  direction  of  0  Piscium.     At 
10h  46ra  and  llh  7m  P.M.,  on  the  same  evening,  meteors  of  greenish  colour 
were  seen,  leaving  long  and  bright  streaks  ;  that  of  the  first  was  visible  for 
fourteen  seconds ;  and  the  meteor  (as  will  shortly  be  described)  was  also  seen 
at  Hawkhurst.     The  last  brilliant  meteor  of  the  shower  was  visible   at 
10h  35ra  P.M.  on  the  13th,  of  greenish  colour,  like  the  last  two,  and  leaving 
an  exceedingly  bright  streak,  which  was  visible  for  six  seconds  after  the 
meteor  had  disappeared.     It  passed  from  the  direction  of  r\  Persei,  about  1° 
below  Polaris  and  ft  Ursco  Minoris.     At  about  the  same  time,  or  shortly 
before  1 1  o'clock  on  the  evening  of  the  13th,  a  brilliant  meteor  appears  to 
have  been  seen  at  Ilegcnt's  Park,  London,  among  other  meteors  of  the 
shower  which  there  still  continued  to  be  plentiful.     A  notable  example 
of  the  meteors  occasionally  appearing  in  groups  occurred  at  10h  49m  P.M. 
on  the  10th,  when  three  meteors,  about  as  bright  as  second-magnitude 
stars,  appeared  within  an  interval  of  about  ten  seconds,  and  all  passed  in  a 
nearly  identical  path  in  continuation  of  a  line  joining  y  Andromeda;  and 
a  Triangulce.     Two  meteors,  brighter  than  first-magnitude  stars,  also  ap- 
peared within  four  seconds  of  each  other,  moving  in  parallel  and  closely 
neighbouring  courses,  inclined  about  45°  towards  the  horizon,  in  the  con- 
stellation Capricornus,  at  11 h  4W  20s  P.M.  on  the  luth.     This  brilliant  pair 
was  simultaneously  observed  at  Hawkhurst,  each  meteor  about  the  bright- 
ness of  Sirius,  leaving  a  long,  bright,  and  slender  streak.     The  first  com- 
mencing about  2°  above  ft  Aquarii,  moved  on  a  course  exactly  parallel  to 
that  of  the  second,  which  passed,  with  the  same  steady  speed  as  tho  first, 
from  half  a  decree  below  £  Aquarii  to  half  a  degree  below  c  Capricorni. 
Mr.  Wood,  at  Birmingham,  also  noted  the  appearance,  at  the  same  minute, 
and  within  about  two  senmds  of  each  other,  of  this  perfectly  matched  and 
closely  udj'icent  pair.     Each  meteor  was  about  as  bright  as  Sirius,  of  orange 
cnloiir,  lasted  one  second,  and  left  a  reddish  streak  upon  its  course.     The  path 
of  the  first,  as  seen  at  Birmingham,  was  from  0  Aquarii  to  t>  Cnpricorni ;  and 
that  of  the  second  was  parallel  and  closely  adjoining  to  it  from  a  point  in 
11.  A.  325°,  S.  Decl.  22°,  to  R.  A.  .*fc>J°,  S.  Decl.  2<>°.     Closely  as  all  these  de- 
scriptions of  them  correspond  together,  tho  unfavourable  position  of  their 
apparent  paths  near  the  horizon  prevents  the  real  heights  and  the  distances 
of  the   component   meteors   of   the   pair   from   each   other  and   from  the 
observers  from  beinp;  calculated  with  the  accuracy  and  certainty  that  would 
otherwise  have  been  attainable  from  Mich  excellent  observations. 

Almost  all  the  meteors  observed  at  Greenwich  during  the  display  left 
more  or  less  brilliant  and  enduring  streaks,  With  the  exception  of  one 
reddish,  four  white,  eijjfht  pale  green  or  greenish,  and  twenty-six  yellowish 
meteors  (in  all  about  S  per  cent.),  all  the  meteors  imtppcd  at  Greenwich  were 
uniformly  of  a  bluish  or  bluish-white  colour. 

As  seen  on  the  nights  of  the  10th  and  llth  in  London,  the  following  is 
Mr.  Crumplen's  description  of  the  August  meteors: — "The  sky  was  quite 
clear,  but  there  was  an  auroral  glare  in  the  north,  and  a  white  streamer 
flickering  for  a  lew  minutes  on  the  evening  of  the  10th*.  Eighty-two 

*  The  auroral  streamer  was  also  soon  by  Mr.  \V.  IF.  Jackson  at  Tooting  near 
London,  who  writes: — "On  the  10th  there  was  a  tolerably  distinct  aurora  boreahs,  one 
streamer  of  which  extended  from  tho  north  to  a,  spot  apparently  a  considerable  distance 
beyond  Arcturua."  At  York  a  distinct  auroral  arch  was  scon  by  Mr.  J.  E.  Clark  on  tho 
6th,  lasting  from  after  twilight,  when  it  first  appeared,  until  llh  30m,  when  it  was 
obscured  by  tho  rising  moon.  A  similar  faint  appearance  was  observed  bv  Professor 
Herschel,  at  Glasgow,  on  the  evening  of  tho  7th. 
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meteors  were  counted  between  9h  30m  and  midnight,  of  which  forty-sis: 
fell  during  the  last  hour.  The  courses  of  fifty-six  bright  meteors  were 
mapped  during  a  watch  of  about  eight  hours  on  the  nights  of  the  9th, 
10th,  and  llth,  with  an  average  hourly  rate  of  appearance,  for  one  observer, 
of  three  bright  meteors  on  tho  9th,  nine  on  the  10th,  and  ten  on  the  llth, 
all  of  them  directed  from  Perseus.  Tho  Persei'ds  were  of  all  magnitudes, 
but  the  greater  number  of  bright  ones  (in  proportion  to  the  number  visible) 
made  their  appearance  on  the  llth.  They  presented  the  appearances  com- 
mon to  the  meteors  of  this  radiant ;  and  some  of  them  left 
brilliant  streaks  of  blue  light,  which  expanded  after  the  o  -<r:  '  "rr>» 
disappearance  of  the  nucleus,  fading  gradually  from  the  ends 
towards  tho  centre.  In  several  instances  I  noticed  that  tho  nucleus  was 
apparently  separate  from  the  train,  the  brighter  ones  reminding  me  very 
much  of  the  corresponding  shower  of  1803." 

On  the  nights  of  the  10th  and  llth  the  sky  was  overcast  at  Edinburgh 
and  Glasgow  ;  but  several  bright  meteors  were  soon  at  Glasgow  on  the  nights 
of  the  7th,  8th,  and  9th  by  Professor  Herschel,  one  of  which  shot  with  a 
flash  overhead  at  about  12h  48m  A.M.  on  the  9th,  resembling  faint  lightning. 
At  Edinburgh  on  the  9th,  and  at  Sundcrland  on  the  llth  and  12th,  the 
paths  of  fifteen  Persei'ds  were  also  mapped  by  Mr.  T.  W.  Backhouse, 
although  the  sky  was  obscured  at  Sundcrland  by  thick  fog  and  haze.  At 
Knocklong  in  Ireland  a  good  view  of  the  shower  was  obtained  by  Mr. 
Jeremiah  Henly,  whose  description  of  its  appearance  was  commuiricatcd  to 
the  Committee  by  Mr.  W.  F.  Denning : — "  Although  I  did  not  reckon  tho 
actual  number  visible,  I  considered  that  more  meteors  appeared  on  the  llth 
than  on  the  K)th.  On  the  llth,  in  about  three  hours,  I  witnessed  thirty- 
three  of  remarkable  brilliancy,  while  on  the  10th,  in  the  same  space  of  time, 
only  twenty-seven  of  a  similar  character  were  visible ;  but  the  smaller 
meteors  I  did  not  reckon  on  cither  night."  Mr.  Denning  also  regarded  tho 
shower  at  Bristol  as  at  least  as  intense  on  the  second  as  on  the  first  night 
of  its  appearance,  and  thus  describes  the  principal  characters  of  the  meteors 
seen: — "The  majority  of  the  meteors  were  accompanied  with  trains, 
which,  however,  disappeared  immediately  on  tho  extinction  of  the  head. 
Most  of  those  seen  were  white,  but  several  appeared  blue,  and  some 
of  a  yellow  colour.  No  sound  was  heard  after  the  explosion  of  any  of 
them.  The  meteors  were  most  numerous  on  the  night  of  the  llth-12th; 
and  the  same  was  the  case  in  the  year  1869,  according  to  my  own 
observations." 

At  Hawkhurst  the  paths  of  107  bright  meteors  were  recorded  with  more 
or  less  detail  by  one  observer,  during  a  watch  of  about  ton  hours,  on  the 
nights  of  the  9th-13th  of  August,  lasting  about  three  hours  (until  shortly 
after  midnight)  on  each  of  the  first  three  nights,  and  for  a  shorter  time  on 
the  other  two.  The  average  hourly  numbers  noted  on  the  former  nights 
were  six  bright  meteors  on  the  9th,  sixteen  on  tho  10th,  and  eleven  of 
similar  character  on  the  llth.  Three  brilliant  meteors  appeared  on  the 
night  of  the  12th,  and  one  on  the  night  of  the  13th,  among  ten  bright  ones 
recorded  in  an  hour  on  the  former,  and  seven  in  the  same  time  on  the  latter 
night.  Of  these,  the  first  (already  stated  to  have  been  seen  at  tho  Royal 
Observatory,  Greenwich)  appeared  at  10h  46m  30s  P.M.,  with  a  sensible  disk 
and  apparently  fully  as  bright  as  Venus,  of  dazzling  bluish-white  light, 
crossing  f3  Ursee  Minoris  from  a  point  about  half  a  degree  below  Polaris,  be- 
ginning at  B.  A,  40°,  1ST.  Decl.  89^°,  and  ending  at  11.  A.  225°,  N.  Decl.  75°. 
It  left  a  bright  streak  which  remained  visible,  on  its  whole  course  for  about 
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three  seconds*  At  the  Royal  Observatory,  Greenwich,  the  meteor,  of  pale- 
green  colour,  leaving  a  bright  streak  visible  for  fourteen  seconds,  moved 
in  about  two  seconds  from  i  Cassiopeia)  across  /3  Cephei,  almost  to  a  Lyroe. 
The  other  two  bright  meteors  seen  at  Hawkhurst  on  the  12th  were  scarcely 
inferior  in  brightness  to  this  one.  That  which  appeared  at  llh  16m  passed 
from  r  Pegasi  to  a  point  midway  between  y  Piscium  and  £  Aquarii,  changing 
from  blue  to  yellow  colour  as  it  increased,  and  leaving  a  bright  streak  for  a 
few  seconds  on  its  course.  The  second  was  observed  at  llh  34m,  passing  in 
fully  one  and  a  half  second  over  130°  or  40°  of  arc  from  the  star  /3  Andromedae, 
along  a  line  directed  from  v  Cassiopeia*  and  inclined  about  50°  to  the  horizon. 
It  loft  a  bright  streak  for  some  seconds  on  its  course,  which  was  broken  into 
two,  or  had  two  maxima  of  brightness  at  two  different  points  of  its  length. 
The  apparent  paths  of  these  two  meteors  were  :  — 

R.A.  N.Dccl.  R.A.  N.Decl. 

Augustl2..nhlGw>2.   Began  at  348°  +  22°.   Ended  at  343°+  6° 
Ilh34'»=?.  „         15+35          „  13 


A 


Cassio-pcia 


The  trains  of  most  of  the  meteors  seen  at  Hawkhurst  were  bluish  and 
rather  faint,  except  when  seen  foreshortened.  They  sometimes  distinctly 
spread  out  after  the  star  had  disappeared,  and  grew  gauze-like.  They 
rarely  resembled  the  golden-yellow  dotted  lines  which  have  sometimes  been 
seen  to  mark  the  track  of  bright  meteors  in  former  August  showers. 

Position  of  the  Radiant-point. 

At  Bristol,  on  the  evening  of  the  10th,  Mr,  W.  F.  Denning  <(  saw  several 
small  meteors  whieh,  from  their  various  paths,  must  have  been  in  close 
proximity  to  a  radiant-point  which  is 
undoubtedly  situated  at  31.  A.  2h  30m 
(37|°),  N.  Dccl.  58°  30'.  This  is 
about  31°  S.W.  of  the  sword-handle  of 
Perseus,  and  between  ^  Persci  and  E 
Camclopardi.  I  saw  several  small 
meteors  whoso  paths  were  extremely 
short,  that  came  exactly  from  the 
place  I  have  indicated.  The  annexed 
is  a  rough  delineation  of  a  few  of  the 
meteors'  paths  that  were  observed  in 
the  neighbourhood  of  this  radiant- 
point  in  Camelopardalus.  There  were 
many  other  meteors  whoso  paths  were 
conformable  to  ]J  Camclopardi  ;  and 
there  appears  no  doubt  as  to  this  being 
the  radiant-point,  or  rather  the  prin- 
cipal one.'* 

London,  August  10th.  —  On  this 
ovening  the  radiant-point  appeared  to 
Mr.  Crumplen  to  be  for  most  of  the 
meteors  near  ^  Persci  ;  but  another 
radiant-point  higher  up  in  the  sky 
was  quite  apparent  for  some  of  them. 
"  In  the  case  of  every  meteor,  whether 
mapped  or  counted,  I  ran  my  eye 
back  along  the  track  to  determine,  if  possible,  the  true  radiant-point.  It 
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appeared  clear  enough  to  me  that  there  was  more  than  one  radiant,  or  that 
a  somewhat  extensive  space  of  the  sky  would  he  required  if  the  tracks  of  all 
the  meteors  were  to  he  included  in  it,  I  believe,  however,  that  the  great 
majority  of  the  meteors  will  be  found  to  have  diverged  from  a  spot  rather 
higher  than  the  famous  cluster  in  Perseus  (33  $vi),  say  about  -1°  above. 
Meteors  from  this  point  have  been  plentiful  each  evening,  and  three  quarters 
of  those  observed  between  llu  and  12h  on  the  10th  came  from  there.  I 
noticed  that  these  followed  each  other  rapidly,  and  that  after  a  lull  for  a  few 
minutes,  a  radiant  still  higher  would  manifest  itself,  as  will  bo  indicated  by 
the  map.  The  radiants  in  Ursa  Major,  Cygnus,  and  Pegasus  were  also 
active,  especially  the  latter ;  but  with  one  or  two  exceptions  these  meteors 
were  not  particularly  noted." 

From  a  very  full  projection  of  more  than  300  meteors  seen  at  York  between 
the  5th  and  the  12th  of  August,  Mr.  J.  E.  Clark  obtained  the  proportions  of 
the  meteors  directed  from  each  of  the  principal  radiant-points  of  the  shower 
in  1871.  "The  proportion  of  the  Persei'ds  observed  was  about  85  per  cent., 
from  Cygnus  7  per  cent.,  from  the  radiant  below  e  Pegasi  about  4%  per 
cent.,  from  Polaris  about  2  per  cent.,  and  from  an  apparent  radiant-point 
in  Aquarius  about  1  per  cent.  One  meteor  was  observed  in  Auriga,  appa- 
rently from  a  radiant-point  near  fi  Aurigce. 

"The  main  radiant  on  the  10th,  as  shown  by  the  mapped  courses,  lay  close 
to  rj  Persei ;  but  very  many  were  directed  from  a  Persci,  or  even  lower  still, 
whilst  a  large  number  extended  the  radiant  to  ^.  Besides  the  central  radiant, 
there  seemed  to  be  one  or  two  outlying  points  from  which  the  tracks  appear 
to  diverge.  One  of  these  seems  to  be  between  /3  and  y  Andromeda),  and 
another  by  c  Camel  opardi. 

"  Of  meteors  almost  stationary,  the  best  was  one  seen  by  Mr.  Waller 
and  Mr.  Brown  just  by  rf  Persei  on  the  8th.  1  observed  some  nearly 
30,  near  y  Persci  on  the  8th,  below  ij  on  the  10th,  and  at  %  on  the  1 1th,  also 
by  v  Draconis  on  the  10th;  and  Mr.  Brown  saw  one  by  p  Cepliei  on 
the  8th." 

In  a  letter  in  < Nature'  of  August  17,  1871,  Mr.  Clark  communicates  the 
lumbers  of  the  meteors  seen  on  each  night,  together  with  some  further  par- 
ticulars regarding  the  above  radiant-points,  which  arc  hero  appended. 

"  Having  been  engaged  during  the  past  week  in  observations  on  the  August 
meteors,  I  thought  a  few  of  the  results  might  be  interesting  to  some  of  your 
numerous  subscribers.  My  regular  observations  extended  from  Sunday  night 
to  Friday  night ;  and,  as  the  following  Table  will  show,  the  weather  was,  with 
the  exception  of  one  night,  as  favourable  as  could  reasonably  be  desired. 
From  over  120  meteors  mapped  down  (out  of  about  330  seen)  it  is  evident 
that  the  principal  radiant-point,  or  rather  line,  is  a  line  drawn  from  o  Pci\sei 
to  y  Porsei,  and  onwards  towards  ?j.  One  bright  meteor  was  seen  on  the  8th, 
just  below  77  Persei,  which  did  not  move  more  than  -J-°  in  a  second  of  time, 
and  left  a  cloud  behind  it  lasting  about  two  seconds.  A  remarkable  feature 
was  the  outlying  radiants*,  as  they  appeared  to  be,  one  of  which  was  situated 
at  or  near  6  Cassiopeia?,  another  near  the  star  c  of  Camelopardalus.  The 
radiant  situated  between  S  Cygni  and  y  Draconis  is  very  well  marked  ;  also  a 
radiant  near  y  Cephei  (where  another  almost  stationary  meteor  wns 
observed),  and  one  just  below  e  Pegasi,  towards  a  Aqiwrii;  associated 
apparently  with  the  last  is  a  radiant  near  the  small  lozenge  in  Delphinus, 
above  a  Aqniloo. 

"  In  the  following  list  of  312  meteors  observed  hero,  242,  or  about  77  per 
Cent.,  were  from  the  Perseus  radiant  or  radiants ; — 
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Date. 

Hours. 

State  of  sky. 

Number 
observed. 

Number  observed 
from  Perseus. 

Proportion. 

August  5  ... 

h    m   b  m 

IO     O—  IO  IO 

Fine    

6 

c 

•81 

0... 

1O  2O-I2     O 

Fine    

•74. 

28 

-11 

7... 

IO     O  -12     O 

Fine    

AQ 

?o 

*6i 

8... 

9... 
10... 

„     11... 

IO     O-I2     O 

10  30-11  30 
955-12    5 

9CC-J2      C 

Fine,  till  11*45, 
then  cloudy    ... 
Cloudy  and  liazy  . 
Few  clouds  at 
tiinoH,  and  very 
slight  haze  
Ditto  

50 

6 

120 
4-7 

31 

4 

106 

38 

•62 
•6 

•88 
•80 

"  Generally  two  watching,  sometimes  three,  and  once  or  twice  but  one. 
For  the  10th  I  had  a  list  of  twenty-six  others  handed  me,  observed  by  a 
friend  close  at  hand,  of  which  nineteen  were  from  Perseus. 

"  J.  EDMUND  CLARK." 
"20  Bootbaro,  York,  August  14." 

At  Birmingham  the  position  of  the  radiant-point  appeared  to  Mr.  Wood  to 
have  undergone  no  change  from  its  apparent  place  as  described  in  former  years. 

At  Manchester  on  the  10th,  and  at  Bolton  on  the  llth  and  12th,  Mr.  Greg 
noted  especially  the  short  meteors  near  the  radiant-point  in  order  to  deter- 
mine, if  possible,  its  real  place.  On  the  night  of  the  10th  it  appeared  to  be 
situated  about  halfway  between  rj  and  ^  Persei,  on  the  llth  exactly  at  »/, 
and  on  the  12th  about  halfway  between  »  and  y  Persei.  In  relation  to  these 
results  Mr.  Greg  observes  :— "  There  can,  1  think,  be  little  doubt,  judging  from 
my  own  observations,  that  this  year  the  radiant-point  was  lengthened  out  on 
a  line  between  \  and  y  Persei,  with  the  centre  precisely  at  rj  (or  &)»  that 
there  was  a  tendency  to  move  with  the  time  from  x  towards  y,  and  that  on 
the  night  of  the  llth  the  tendency  to  accurate  radiation  was  unusually  pre- 
cise. Probably  accuracy  of  radiation  is  a  symptom  of  a  particular  shower 
being  at  its  maximum  intensity,  with  the  individual  meteors  less  scattered 
than  at  periods  of  its  minimum  display.  I  saw  so  very  few  meteors  move 
near  the  radiant,  either  up  or  down,  that  I  cannot  so  precisely  state  tho 
position  of  the  radiant -point  in  right  ascension  as  in  declination/7 

Among  the  list  of  meteors  received  by  the  Committee  from  the  observers 
of  the  August  shower  in  1871,  the  paths  of  310  meteors  noted  on  the  nights 
of  the  9th,  10th,  and  llth  of  August  were  sufficiently  well  indicated  to  be 
correctly  delineated  on  suitable  star-maps.  Of  the  whole  number  nine  were 
directed  from  a  radiant-point  near  the  north  pole  of  the  heavens,  at  about 
K.  A.  10°,  K.  Docl.  82°;  fourteen  proceeded  from  a  radiant-point  in  Cygnus, 
apparently  close  to  £  Cygni,  at  about  K.  A.  203°,  N.  Dccl.  42° ;  and  thirty-three 
meteors  diverged  from  radiant-points  in  or  near  tho  constellations  Pegasus 
and  Aquarius.  Of  the  remaining  number  a  few  meteors  appeared  to  be  very 
erratic  or  sporadic,  and  about  250  were  distinctly  members  of  the  shower 
diverging  from  the  radiant-point  in  Perseus.  The  long  duration  of  the 
shower  appearing  to  offer  a  favourable  opportunity  for  ascertaining  if  tho 
position  of  the  radiant-point  underwent  a  sensible  change  during  the  time  of 
its  continuance,  the  recorded  apparent  paths  of  all  the  Perseids  noted  during 
successive  intervals  of  ten  minutes  on  each  of  the  nights  of  observation  were 
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projected  upon  separate  maps.  A  similar  projection  of  the  paths  of  the 
meteors  recorded  at  the  Eoyal  Observatory  at  Greenwich  on  the  night  of  the 
10th  of  August  was  also  made  upon  a  separate  map  for  each  interval  often 
minutes  during  the  hours  of  observation.  With  the  exception  of  the  period 
between  9h  and  10h  P.M.  on  the  10th  among  the  Greenwich  observations,  and 
between  9h45m  and  10h  45m  P.M.  on' the  same  evening  among  those  of  the 
British-Association  observers,  when  40  per  cent,  of  all  the  meteors  mapped 
diverged  very  accurately  from  a  centre  of  radiation  at  about  It.  A.  34°,  N. 
Decl.  61°  nearly  midway  between  ^  Persei  and  i  Cassiopeia,  and  a  very 
marked  activity  of  this  radiant-point  during  the  following  hours  of  both  those 
series  of  observations  until  midnight  on  the  10th,  no  tendency  to  accurate 
divergence  from  a  single  radiant-point  during  any  sustained  period  was  obser- 
vable during  the  continuance  of  the  shower.  A  radiant-point  near  17  Persei, 
which  was  also  discernible  among  the  British- Association  observations  on  each 
evening  of  the  shower,  presented  itself  most  conspicuously  in  those  made  at 
Greenwich  on  the  evening  of  the  10th,  towards  midnight,  and  by  the  inter- 
section of  its  meteor-tracks  with  others  from  the  more  northern  radiant, 
appeared  to  give  rise  to  a  prominent  centre  of  divergence  after  midnight 
between  y  and  e  Cassiopeia),  which  may  have  owed  its  apparent  activity  to 
the  simultaneous  existence  of  the  former  pair.  The  general  radiant-point  of 
the  meteoric  shower  at  Greenwich  on  the  night  of  the  10th  was  very  nearly 
the  principal  one  already  indicated,  with  a  tendency,  especially  after  midnight, 
of  some  meteors  to  come  from  directions  nearer  to  n  and  to  y  Persei.  All 
the  meteor-tracks  noted  by  the  British- Association  observers  between  9h  3(>m 
and  12h44m  on  the  10th  having  been  projected  upon  a  single  map  with  the 
radiant-point  in  Perseus  near  the  centre  of  the  projection,  a  densely  crowded 
region  of  intersection  of  the  tracks  prolonged  backwards  was  found  to  occupy 
a  roughly  triangular  space  of  about  10°  in  length  along  each  side,  having  its 
centre  very  nearly  at  the  above  indicated  spot  in  II.  A.  36°,  N.  Decl.  58°,  and 
its  angles  in  nearly  symmetrical  positions  at  points  in  II.  A.  31°,  N.  Decl.  01°, 
E.  A.  36°,  N.  Decl.  53°,  and  II.  A.  45°,  N.  Decl.  50°,  as  shown  by  the  small 
circles  marked  ^o)  in  the  accompanying  figure.  The  first  of  these  points  cor- 
responds very  closely  with  the  definite  radiant-point,  which  was  most  conspi- 
cuous during  the  early  portion  of  the  shower. 

On  the  night  of  the  1 1th  the  principal  intersection  of  meteor-tracks  recorded 
at  the  Eoyal  Observatory,  Greenwich,  was  still  close  to  the  latter  point,  at 
E.  A.  31°,  K  Decl.  62°,  during  the  hours  of  observation  from  9b  until  1 3h  30m, 
with  subordinate  points  of  intersection  at  B  and  D  Camelopardi,  and  between 
H  and  P  Persei.  A  projection  of  all  the  tracks  recorded  by  the  British-Asso- 
ciation observers  between  9h  45m  and  13h  on  this  night  having  been  made  on 
a  similar  map  to  that  prepared  for  the  observations  of  the  10th,  the  principal 
centre  of  divergence  was  found  to  be  placed  not  far  from  its  position  on  the 
previous  night,  a  few  degrees  northward  from  ^  Persei,  at  E.  A.  31°,  N. 
Decl.  58°.  A  meteor  with  very  short  course  appearing  close  to  this  point 
marked  its  position  very  nearly.  The  tracks  of  the  remaining  meteors  were 
almost  evenly  distributed  round  it.  within  distances  which  included  nearly  all 
the  courses  of  12°  or  15°  from  its  centre.  But  other  apparent  centres  of  radia- 
tion also  presented  themselves  somewhat  definite)/  near  the  north  and  south 
borders  of  the  radiant-region,  in  the  neighbourhood  of  e  Cassiopeia)  and  r\  Persei, 
at  points  in  E.  A.  25°,  N.  Decl.  63°,  and  II.  A.  42°,  N.  Decl.  55°,  as  shown 
in  the  figure  by  the  small  circles  marked  (J),  forming  apparent  outliers  of  the 
central  point. 
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On  the  night  of  the  9th  of  AngiiRt  the  apparent  paths  of  38  PerseVds  re- 
corded hy  the  British-Association  ohscncm  ]>etw<cn  9h  and  12h  50m  appear 
to  have  diverged  from  two  definite  radiant-points  of  nearly  equal  intensity  at 
the  extremities  of  an  oval  space,  ext ending  from  >/  Persei  to  near  e  Cassiopeiae, 
through  which  nearly  all  the  recorded  paths  prolonged  backwards  passed, 
These  points  were  situated  in  II.  A.  2<,)°,  K.  Dccl.  00°,  and  K.  A.  39°,  +55°. 


The  general  centre  of  divergence  of  the  Perseid-*  during  the  whole  period  of 
greatest  intently  of  t  he  sho\\er  on  t  he  nights  of  the  M\  -12th  of  August ,  1ST  I, 
was  shown  hv  the  eonihiued  results  of  these  oh>ci  vat  ions  to  he  a  few  ih^gnvs 
iiortliwuids  hom  the  star  ^  Pei^'i,  and  not  far  from  a  point  in  K.  A.  o.")0, 
N.  Heel.  ,">!)' \  ^liicli  is  the  a\<'ia^e  |>1, ire  oltt, lined  h\  giving  equal  weight  to 
all  the  separate  radiaut-ceuires  shown  in  the  figure,  of  which  the  positions 
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were  determined  from  the  observations  of  the  shower  communicated  to  sthe 
Committee  by  the  observers  for  the  British  Association.  The  figure  represents 
in  plane  perspective  the  apparent  paths  of  all  the  Perseids  noted  on  the  nights 
of  the  9th,  10th,  and  llth  of  August,  1871,  whose  visible  tracks  were  in  the 
immediate  vicinity  of  the  general  radian -tregion  of  the  shower. 

Meteor-showers  in  October,  1871 . — On  the  night  of  October  14th,  between 
llh  and  12h  P.M.,  six  meteors,  as  bright  or  brighter  than  Ist-magnitude 
stars,  were  observed  at  Hawkhurst  in  one  hour,  radiating  with  considerable 
accuracy  from  a  point  near  the  head  of  Aries,  and  close  to  the  point  of  first 
appearance  on  this  date  of  the  radiant  E.  in  Musca,  which  appears  to  contri- 
bute bright  meteors  from  the  direction  of  this  constellation  during  the  prin- 
cipal meteor-showers  of  October,  November,  and  December,  but  from  which 
so  many  bright  meteors  in  one  hour  as  those  seen  at  Hawkhurst  on  the  above 
date  form  an  exceptional  display.  Another  meteor,  like  one  noted  on  this 
date,  as  bright  as  Sirius,  proceeded  from  the  same  radiant-point,  passing  over- 
head at  Hawkhurst,  and  leaving  a  faint  streak,  at  llh  45m  P.M.  on  the  19th ; 
and  two  scarcely  less  brilliant  members  of  the  same  meteor-shower  appeared, 
with  short  courses  and  slow  motion,  near  the  radiant-point  on  the  21st  of 
October.  Three  or  four  bright  meteors  with  swift  motion  and  leaving  bright 
streaks  on  their  tracks,  proceeding  apparently  from  circumpolar  radiants  near 
A14f  j.  and  Elt  3  in  Cassiopeia  and  Auriga,  were  noted  during  the  same  short 
watcn  at  Hawkhurst  which  was  kept  on  each  of  those  dates.  The  sky  was 
overcast  with  rain  and  wind  on  the  nights  of  the  18th  and  19th  at  Hawk- 
hurst, and  at  all  the  other  places  from  which  communications  were  received ; 
and  although  occasional  openings  of  the  clouds  allowed  a  few  stars  to  be  seen  at 
Hawkhurst,  where  the  single  bright  meteor  last  noticed  was  observed,  and  at 
Tooting,  where  Mr.  H.  W.  Jackson  kept  a  watch  for  them  whenever  the  state 
of  the  sky  permitted,  no  other  shooting-stars  were  recorded.  But  in  a  mode- 
rately clear  sky,  from  7h  45m  until  llh  P.M.  on  the  18th,  six  meteors  of  some 
brightness  were  mapped  at  the  Eoyal  Observatory,  Greenwich,  two  of  which 
were  directed  from  E3,  one  from  the  north  pole,  and  the  rest  from  a  radiant- 
point  near  A14i  IS  in  Cassiopeia,  or  E1§  2  in  Auriga. 

On  the  night  of  the  20th  the  sky  remained  overcast  at  the  southern 
stations ;  but  at  Birmingham,  Sunderland,  and  Glasgow  a  few  meteors  were 
visible  through  fog  and  haze,  which  generally  obscured  all  stars  less  bright 
than  the  third  magnitude,  until  nearly  midnight,  when  the  sky  gradually 
became  more  clear.  Three  small  shooting-stars  were  observed  at  Glasgow 
by  Mr.  E.  M'Clure  between  llh  and  12hp.M.,  and  two  by  Mr.  Wood  at  Bir- 
mingham, as  described  in  his  observations  on  the  shower. 

Between  9  o'clock  and  midnight  on  the  same  evening,  four  meteors,  three 
of  which  were  directed  nearly  from  E3,  and  one  apparently  from  the  north 
pole,  were  observed  by  Mr.  T.  W.  Backhouse  at  Sunderland ;  they  were 
unconformable  to  the  radiant  0  (Schiaparelli,  No.  30,  B.  A.  Eeport  for  1870, 
p.  98),  or  to  any  of  the  other  radiant-points  noted  by  Mr.  Backhouse  in  tho 
morning  hours  of  this  and  the  two  following  nights.  Another  bright  and 
unconformable  meteor,  seen  on  the  same  night,  was  also  directed  from  the 
north  pole ;  while  the  twenty-one  remaining  meteors,  seen  in  the  course  of 
about  two  hours  of  observation  on  the  mornings  of  the  21st,  22nd,  and  23rd 
(and  all  but  three  on  the  earlier  dates),  indicated  the  return  of  the  October 
meteors,  and  presented  some  contemporaneous  radiant-points,  of  which  Mr. 
Backhouse  gives  the  following  description  in  his  remarks  on  these  results  of 
His  observations : — 

"  The  meteors  marked  A  [twelve  meteors  noted  in  about  an  hour  and  a 
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half  on  the  mornings  of  the  21st  and  22nd,  and  another  on  the  morning  of 
the  23rd]  in  the  list  belong  to  Schiaparelli's  lladiant  No.  36  *,  and  those 
marked  C  [two  meteors  noted  on  the  last  morning  of  the  watch]  to  his 
No.  37 1«  Those  marked  B  [five  meteors  seen  on  the  mornings  of  the  first 
two  nights]  have  a  radiant-point  in  E.  A.  113°,  N.  Decl.  58° :£ ;  but,  owing 
to  the  remarkable  swiftness  of  these  meteors,  this  point  can  be  only  approxi- 
mate. I  make  the  radiant-point  of  A  at  It.  A.  97°,  N.  Decl.  15°,  taking  the 
observations  of  all  three  nights.  The  meteors  marked  U  were  un conform- 
able to  all  these  showers.  It  will  be  seen  that  only  one  of  these  appeared  in 
any  of  the  mornings,  and  no  unconformable  ones  in  the  evenings. 

"  The  hourly  rate  of  frequency  of  meteors  of  all  kinds,  at  that  time  of 
morning  at  which  they  were  most  numerous,  was  011  the  20th  [morning  of 
the  21st]  JO,  on  the  2ist  12,  on  the  22nd  8." 

None  of  the  shooting -stars  observed  at  Hawkhurst,  or  at  the  Royal  Obser- 
vatory, Greenwich,  on  the  evenings  of  the   14th  and  18th  of  October  were 
directed  from  the  radiant-point  in  Orion  ;   but  on  the  night  of  the  21st  the 
tracks  of  eleven  meteors  from  this  radiant-point  were  mapped  at  Hawkhurst 
between  the  hours  of  llh  30ra  and  13h  30m,  and  an  approximate  position  of 
the  radiant-point  was  obtained.     This  appeared  to  be  between  the  stars  y,  v 
Ueminorum  and  v  Orionis.     A 
small  meteor,  almost  instanta- 
neous,  near  this  point  described  ® 

a  short  path,  which  appeared        Q 

curved  towards  Castor  and  Pol-       a    §     •  Gemini 

lux,  and  which  lay  in  the  sky       ' 
like  a  bent  whip  (see  the  sketch)      *  • 

between  y  Geminorum  and  ( 
Tauri,  at  about  R.  A.  90°,  N.  • 

Decl.  20°.     The  last  meteor  of  .        • 

the  shower  seen  at  Hawkhurst  ^ 

on  this  night  was  directed  from 

the  point  C,   between   Castor  ^  ^  Orion 

and  Pollux,  regarded  by  Mr.  / 

Backhouse  as  having  furnished  $*V 

a  few  meteors  on  the  morning  £ 

of  the  23rd  of  October,  at  Sun-  • 

derland,  during  his  observations  of  this  shower. 

With  regard  to  the  appearance  of  the  October  meteors  at  Birmingham, 
Mr.  Wood  communicated  to  the  Committee  the  following  results  of  his  obser- 
vations of  the  shower  in  the  past  and  in  previous  years : — 

Luminous  Meteors. 
Birmingham.  Epoch  19th  October.  W.  H.  Wood. 

The  meteoric  shower  of  the  above  epoch  has  not  been  visible  from  this 
station  since  1808 ;  and  the  following  are  the  unpublished  results  of  those 

*  Brit.  Assoc.  Report  for  1870,  p,  98.— Oct.  21.  Near  y  Geminorum,  at  R.  A.  96°, 
N.  Deol.  13°,  Apparently  identical  with  the  radiant,  O,  near  v  Orionis,  described  in 
previous  Reports,  of  the  meteor-shower  on  October  18-21. 

t  Ibid.  Between  Caator  and  Pollux,  on  October  21-25.  About  17°  or  18°  from 
Schiaparelli's  position  of  the  former  radiant-point. 

t  Connected,  apparently,  with  the  radiants  F1<2  [Report  for  18f>8,  p.  403],  from  the 
middle  of  September  to  the  latter  end  of  November,  at  R.  A.  83°,  N.  Decl.  50°,  near  «,  ft 
and  £  Auriga*. 
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observations,  together  with  those  of  the  succeeding  years,  to  the  present  date 

(1871):— 

Meteoric  Shower,  October  19,  1868. 


Centres  of  radiation 
per  cent,  frc 

and  the  number 
un  each. 

Percentage  of  colours. 
Orange  or  yellow  =     40 

Radiant 

YIQY  cent 

Blue  =     40 

o        

...     =     57 

White     =     20 

A          

.  ..     =       7 

•^14,  15        

...      =     10 

Percentage  of  magnitudes  . 

F16 

...      =     10 

It     4-R 

...      -     10 

JLjC[uiu  to  birius     —    L»> 

u'+G'+T 

.  ..      =       6 

„        ^nd  mag  —   -o 
„        3rd  mag.  and  under  =  44 

Probable  time  of  maximum, 
18th-19th. 


43  per  cent,  left  reddish  trains. 
Rate  of  Apparition. 


Date. 

Hour(G.M.T.). 

Number  of 
meteors 
registered. 

Hourly 
average. 

State  of  the  sky. 

18. 

12.0            to  12.30  A.M. 

6 

12 

Clear. 

18. 

9.45  P.M.  to  10       P.M. 

1 

4 

I  lazy  ;  overcast  at  10.45. 

19. 

10.30  P.M.  to  11.30  P.M. 

4 

4 

Foggy  ;  stars  dim. 

19. 

11.30P.M.  to  12.30  A.M. 

10 

10 

Clear. 

20. 

P.M. 

.  . 

Overcast. 

21. 

10.45  P.M.  to  11.45P.M. 

0 

6 

Clear. 

As  far  as  the  weather  permitted  observations,  it  would  seem  probable  that 
this  shower  was  above  the  average  of  its  kind  in  hourly  numbers  seen,  and 
presented  its  distinctive  features  of  ruddy  meteors  leaving  trains,  of  which 
57  per  cent,  emanated  from  the  radiant  O  in  Orion  ;  the  remainder  issued 
from  seven  other  radiants.  Few  meteors  were  seen  before  11.30. 

1869,  October  19,  P.M. — The  brightness  of  the  full  moon  obscured  the 
meteors  (if  any). 

October  19,  1870.— From  the  18th  to  the  20th  stormy  weather  (P.M.). 

October  19,  1871. — 18th,  overcast.  19th,  overcast;  heavy  rains  (P.M.). 
20th,  foggy;  from  10.2Q  to  11.20  P.M.  2  meteors:  11.10  P.M.,  2nd  mag., 
blue,  0-5  sec.;  from  80,4-53,  to  74,-f-50;  radiant  F, ;  left  a  streak  (tho 
other  meteor  was  not  observed  accurately  enough  for  mapping :  10.35  P.M., 
ruddy,  2nd  mag.,  in  head  of  Cetus,  rad.  0  ?). 

Meteor -showers  of  November  187 1. — At  Eranccpeth,  Durham,  Mr.  Joseph 
Lawson  noticed  some  conspicuous  shooting-stars  on  the  evening  of  the  8th  of 
November,  of  which  ho  gives  the  following  description  : — "  On  Wednesday, 
the  8th,  at  about  6  P.M.,  I  saw  four  meteors  in  five  minutes ;  the  brightest 
about  the  2nd  magnitude.  One  passed  through  Corona,  the  other  three  were 
all  through  Aquila ;  but  their  directions  were  such  that  I  could  see  no  radiant- 
point.  One  described  a  course  of  fully  60°  (see  the  accompanying  sketch. 
p.  95)." 

From  a  report  of  observations  at  Sunderland  received  from  Mr.  Back- 
house, it  appears  that  one  or  two  meteors  from  Leo  were  visible  on  the 
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evening  of  Iho  8th  of  November,  between  half-past  10  and  half-past  11 

o'clock,  one  of  which,  at  10h  «'J7m,  was 

perfectly  similar  to  the  Leonids  in  all  / 

respects,  and  was  as  bright  as  Sirius,       ^        L    •  ^^~ 

A    Und-magnitudo   meteor,    leaving    a  ^^"""^ 

long  streak,  also  shot  betwocen  Aries    ^~"~  1^^^^ 

and  Coins  from   the  direct  ion    of  tlio  /  xx^ 

Pleiades  and  of  the  brad  of  Leo    as  /  \ 

late   as   the   evening   of  the  l*th  of          J.  XN 

November,  quite  resembling  in  its  ap-  N\ 

pearance,  and  being  perfectly  conform-  \ 

able  to  the  radiant -point  of  that  well-  s\ 

known  group.     The  following  notice  of  ^ 

a  contemporaneous  radiant-point  accompanies  Mr.  Backhouse's  description  of 

his  observations  of  <hc  shower  :— 

"  1  enclose  a  Table  of  the  most  important  meteors  that  I  saw  last  month. 
Those  marked  L  are  Leonids,  and  those  marked  R4  are  conformable  to  Ileis's 
radiant-point  lt;*.  I  was  surprised  to  see  two  Leonids  so  early  as  November 
8  ;  although  the  path  of  that  at  It)'1  37m  was  not  quite  in  the  right  direction 
for  the  great  shower  of  the  1'ith,  I  have  not  the  least  doubt  that  it  was  one 
of  them,  for  it  was  exactly  like  them.  1  watched  for  the  Leonids  for  25 
minutes  on  the  12th  [morning  of  the  KHh],  between  16h  17m  and  17h  25m, 
and  saw  two.  The  next  night  was  throughout  cloudy,  whenever  I  looked 
out,  with  very  small  gaps  in  the  clouds,  so  L  saw  no  meteors."  Besides  the 
Leonids  here  noticed  five  meteors  directed  from  the  radiant-point  Ii4  were 
seen  on  the  nights  of  the  Sth  and  Oth  of  November. 

At  the  Uoyal  Observatory,  Greenwich,  the-  sky  was  overcast  on  the  nights 
of  the  11  th  and  13th,  and  only  clear  at  intervals  on  that  of  the  12th.  A 
watch  was,  however,  kept  on  the  last  two  of  these  nights  until  after  X  o'clock 
on  the  morning  of  tbe  l^th,  and  until  daybreak  on  the  morning  of  the  ]4<h 
of  November,  and  the  apparent  courses  of  about  thirty  shooting-stars  were 
mapped.  Of  these,  four  on  each  night  proceeded,  roughly,  from  the  direction 
of  Leo,  the  remaining  meteor-courses  being  chiefly  directed  from  Taurus  and 
from  other  contemporaneous  radiant -points  in  other  parts  of  the  sky.  On 
the  night-  of  the  14 -1 5th  the  sky  was  again  quite  overcast;  and  as  far  as 
could  be  gathered  from  the  observations  under  such  unfavourable  conditions, 
the  number  of  the  Leonids  observed  was  two  or  three  times  less  than  that  of 
the,  meteors  visible  from  other  radiant-points,  or  of  the  sporadic  meteors  visible 
on  an  ordinary  November  night  ;  and  no  distinct  return  of  the  November 
meteor-shower  at  the  Royal  Observatory,  Greenwich,  could  be  recorded  as 
having  been  visible  on  the  annual  dates  in  the  year  1S71. 

Although  cloudy  on  the  previous  and  the  following  nights,  the  sky  was 
remarkably  clear  at  Hawkhurst  on  the  night  of  the  13th- 14th  of  November; 
and  a  watch  for  the  November  meteors  was  kept  from  half-past  eleven  until 
half-past  one,  and  again  for  about  half  an  hour  soon  after  two  o'clock.  The 
first  Leonid  was  visible  at  1  lh  JWn,  as  bright  as  Jupiter,  passing  in  a  long 
course  and  leaving  a  long  streak  from  under  Ursa  Minor  to  the  N.W.  horizon. 
In  the  following  two  hours  twelve  Leonids  and  twenty-six  other  meteors, 
none  of  very  great  brilliancy,  were  noted,  and  their  courses  were  mapped  by 
one  observer.  The  unconformable  shooting-stars  all  proceeded  from  a  radiant- 
region  in  or  near  the  space  contained  bet- ween  the  heads  of  Taurus  and  Orion 

*  Also  noticed  by  Mr.  Backhouse  on  the  4th  and  6th  of  November,  18GO ;  sec  these 
Reports  for  1870,  p.  1)7. 
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and  the  feet  of  Gemini  and  Auriga,  while  the  Leonids  were  directed  from  a 
better-defined  radiant-region  in  the  head  of  Leo.  Two  more  Leonids,  and 
two  other  meteors  belonging  to  the  group  from  Taurus,  were  recorded  during 
the  short  watch  between  2h  and  2h  30m  A.M.  on  the  14th.  One  accordant 
observation  of  a  meteor  from  Taurus,  simultaneously  observed  at  the  Royal 
Observatory,  Greenwich,  at  12h  3m  12s,  was  obtained ;  and  the  comparative  rate 
of  frequency  of  the  Leonids  and  of  the  unconformable  or  sporadic  meteors 
visible  during  the  same  watch  nearly  confirmed  the  results  of  the  watch  kept 
by  Mr.  Glaisher's  staff  of  observers  at  the  latter  place. 

At  the  observatory  of  Stonyhurst  College  the  Rev.  8.  J.  Terry  obtained  an 
uninterrupted  view  of  the  November  meteors  during  several  hours  of  their 
appearance  on  the  morning  of  the  13th  of  November;  and  the  following 
results  are  obtained  from  the  list  of  meteors  which  he  observed.  The  sky 
was  overcast  until  10h  15m  P.M.  on  the  12th  (when  a  regular  watch  was  com- 
menced), and  was  clear,  with  the  exception  of  a  few  stratus  clouds,  until 
3h  15m,  when  it  became  quite  clear,  and  remained  so  until  the  end  of  the 
watch  at  6h  30m  A.M.  on  the  morning  of  the  13th.  The  times  and  other  par- 
ticulars of  the^appearance  of  fifty-five  meteors  were  recorded,  with  the  posi- 
tions of  their  apparent  paths  among  the  stars.  Of  those  about  twenty  were 
Leonids,  and  fifteen,  seven  of  which  were  Leonids,  were  as  bright  as  first- 
magnitude  stars.  The  following  numbers  of  shooting-stars,  and  of  the 
meteors  which  appeared  to  radiate  from  Leo,  were  observed  in  the  successive 
hours  ending  at — 

1871,  Nov.  13th,  A.M..  .   12h    13h   14h    3h     4h     5h     Oh     6h  30™    Totals 
Nos.  of  meteors  seen    ..4        9       (>      12      3       7      10         4  55 

Nos.  of  Leonids   2        1       0        71       1        G          2  20 

The  majority  of  the  un conformable  meteors  noted  during  the  watch  pro- 
ceeded from  the  directions  of  those  parts  of  Gemini,  Orion,  Taurus,  and 
Auriga  near  the  head  stars  of  Orion,  or  between  the  Hyades,  the  Pleiades, 
and  the  Twins. 

"  In  the  watch  for  meteors  kept  under  the  direction  of  M.  Le  Verrier  in 
France,  on  the  nights  of  the  12th,  13th,  and  14th  of  November,  those  ob- 
served on  the  12th  and  13th  issued  from  a  point  in  the  neighbourhood  of  the 
constellation  Auriga ;  the  *  Leonides/  or  meteors  issuing  from  Ix^o,  were  most 
numerous  on  the  night  of  the  14th"  (Notes  from  the  <  Comptes  Rendus'  of 
Nov.  20,  1871,  in  *  Nature'  of  Nov.  30,  1871). 

The  following  description  of  the  November  meteors,  as  they  appeared  at 
Newcastle- on -Tyne  on  the  morning  of  the  15th  of  November,  1871,  was 
communicated  in  a  letter  from  Professor  Herschcl,  in  '  Nature '  of  the  30th 
of  November : — 

"  Shortly  before  four  o'clock  on  the  morning  of  the  15th  tho  clouds  cleared 
off,  and  the  appearance  of  several  meteors,  one  of  which  was  as  bright  as 
Jupiter,  gave  evident  signs  of  the  progress  of  the  November  star-shower. 
The  perfect  clearness  and  darkness  of  the  sky,  in  the  absence  of  the  moon,  at 
the  same  time  gave  especial  brightness  to  the  meteors  and  to  their  phospho- 
rescent streaks.  Between  four  o'clock  and  the  first  approach  of  daylight,  at 
six  o'clock,  thirty-two  meteors  were  counted,  or  at  the  rate  of  sixteen  per 
hour,  of  which  three  were  as  bright,  or  brighter,  than  first-magnitude  stars, 
nine  as  bright  as  second,  six  as  bright  as  third,  and  eight  no  brighter  than 
stars  of  the  fourth  or  lesser  magnitudes.  Twenty-six  of  these  meteors  were 
directed  from  the  usual  radiant-point  in  Leo,  which  on  this  occasion,  although 
not  very  well  defined,  appeared  io  be  approximately  close  to  the  star  Zeta,  in 
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Leo's  sickle.  About  one  half  of  their  number  left  persistent  streaks,  which 
sometimes  appeared  to  grow  brighter  after  the  meteors  had  disappeared;  and 
I  vainly  endeavoured  to  bring  them  into  the  field  of  view  of  the  direct-  vision 
prisms  of  a  small  spectroscope,  the  duration  of  the  brightest  streaks  noted 
scarcely  ever  exceeding  one  or  two  seconds.  A  very  brilliant  meteor,  casting 
around  a  flash  like  that  of  lightning,  was  seen  here  shortly  after  nine  o'clock 
on  the  evening  of  the  13th  (and  its  appearance  was  also  noted  at  Woodburn), 
traversing  the  north-west  sky.  Tlie.se  particulars,  imperfect  as  they  were, 
unfortunately,  rendered  by  the  cloudy  weather,  are  the  only  descriptions  of 
the  November  star-shower  which  its  appearance  here  has  hitherto  enabled 
me  to  supply. 

"  A.  8.  HERSCHEL." 
'*  Newcnstle-on-Tyne,  Nov.  17." 


Meteor-shower  of  December  12//i,  1#71.  —  Arrangements  similar  to  those 
made  for  observing  the  other  meteor-showers  of  the  past  year  were  prepared 
by  the  Committee  in  expectation  of  the  return  of  the  December  meteors  in 
1871.  On  the  evenings  of  the  5th  and  9th,  and  on  the  night  of  the  12th  and 
13th,  Mr.  T.  W.  Backhouse  recorded  eighteen  shooting-stars  seen  at  Ilkley 
in  Yorkshire  and  at  Sunderland,  one  of  which  on  the  1st,  and  most  of  those 
seen  on  the  latter  dates,  were  directed  very  nearly  from  the  usual  radiant- 
point  in  (iemini.  Three  of  those  noted  on  the  f)th  proceeded  from  the  Kadiants 
Au  ]1t  ,I5  near  Cassiopeia,  the  appearance  of  which  in  November  and  Decem- 
ber has  been  supposed  to  be  connected,  not  improbably,  with  the  periodical  re- 
turns of  Bicla\s  comet.  Although  the  elouded  state  of  the  sky  prevented  any 
meteors  from  being  seen  at  Sunderland  during  the  hours  appointed  for  obser- 
vations on  the  evenings  of  the  llth,  12th,  and  13th,  three  meteors  from 
(iemini  were  seen  on  the  evening  of  the  llth,  and  two  others  during  a  short 
watch  on  the  morning  of  the  13th,  when  the  sky  was  clear  ;  while  only  three 
meteors  unconformable  to  the  same  radiant-point  were  recorded  by  Mr.  Back- 
house during  the  time  in  which  these  five  meteors  of  the  December  star- 
shower  were  observed.  On  the  nights  following  the  periodic  dates,  it  will  be 
seen  from  his  report  that  very  few  meteors  directed  from  the  well-known 
radiant-point  of  this  annual  star-shower  were  observed.  "  On  the  13th 
[morning  of  the  14th]  1  watched  for  25  minutes,  about  K>h  and  17h  (it  was 
equal  to  about  9  minutes'  watch  in  a  cloudless  sky),  and  I  only  saw  one 
meteor  ;  it  was  not  a  *  Geminid.'  On  the  14th  [morning  of  the  15th]  I 
watched  for  45  minutes  in  a  cloudless  sky  between  17h  15m  and  18h  21m,  and 
saw  nine  meteors,  all  in  the  tirst  2()  minutes.  No  radiant-point  was,  how- 
ever, discernible  ;  one  was  a  *  Geminid/  appearing  at  1  7h  36m.  It  was  of  the 
fifth  magnitude,  and  disappeared  at  |  (TT  Leouis,  15  Sextantis).''  A  bright 
meteor,  described  in  the  foregoing  accounts  of  large  meteors,  directed  appa- 
rently from  the  radiant-point  A  16,  was  seen  by  Mr.  BackhoiibO  on  the 
evening  of  the  last-named  date. 

At  the  Royal  Observatory,  Greenwich,  the  sky  was  generally  overcast  on 
the  periodic  nights,  and  only  one  small  meteor,  on  the  evening  of  the  12th, 
unconformable  to  Gemini,  was  observed. 

At  llawkhurst  the  sky  was  occasionally  cloudy  on  the  evening  of  the  12th 
until  llh,  when  it  became  quite  clear,  and  a  constant  watch  for  shooting-stars 
was  kept  between  I0h  15m  P.M.  and  midnight.  Thirty  shooting-stars  were 
observed,  of  which  fourteen  were  visible  before  11  o'clock.  The  apparent 
courses  of  twenty-six  of  these  meteors  projected  upon  a  map  showed  that 
eight  were  unconformable  to,  and  of  the  remaining  number  four  appeared  to 
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bo  very  erratic  members  of,  the  group  directed  from  the  radiant-point  in 
Gemini.  The  tracks  of  fourteen  (or  34  per  cent,  of  those  mapped)  prolonged 
backwards  passed  through  a  small  circle  about  1 2°  in  diameter,  having  its 
centre  about  3°  from  Castor,  towards  6  Geminorum,  at  It.  A.  108°,  N.  Decl. 
33°,  which  was  the  apparent  centre  of  divergence  of  the  shower.  About 
one-half  of  the  "  Geminids  "  were  brighter  than  second-magnitude  stars,  and 
two  of  the  brightest  left  a  persistent  streak  of  light  on  their  course.  They 
appeared  white,  and  their  apparent  motion  was,  in  general,  not  swift.  On 
the  evening  of  the  13th  the  sky  at  Hawkluirst  was  completely  overcast. 

At  Tooting,  near  London,  a  watch  for  their  appearance  was  kept  for 
lh  20m,  between  Oh  401"  and  11 h  20m,  by  Mr.  If.  W.  Jackson;  tho  sky  wa-s 
quite  clear,  and  the  apparent  paths  of  seven  meteors  directed  from  Gemini 
were  recorded  on  a  map.  Prolonged  backwards  tho  tracks  of  these  "  Gemi- 
nids  "  all  crossed  a  small  circle  not  more  than  <S°  or  10°  in  diameter,  whoso 
centre  was  nearly  midway  between  Castor  and  Pollux  (slightly  towards  the 
neighbouring  star  t  Geminorum),  at  II.  A.  112°,  N.  Decl.  30°.  Lu  his  remarks 
on  this  night's  observations  Mr.  Jackson  observes  that  his  attention  was 
wholly  given  to  recording  the  apparent  courses  of  the  meteors  with  exact- 
ness, so  that  their  apparent  places  of  appearance  and  disappearance,  as  drawn 
upon  the  map,  were  probably  not  more  than  half  a  degree  in  error  either  way ; 
and  all  the  meteors  whose  apparent  paths  were  drawn  upon  the  map  were 
satisfactorily  well  observed.  No  particular  attention  was  accordingly  given 
to  the  appearances  of  meteors  from  other  radiant-points,  nor  to  ihe  various 
characters  of  brightness,  duration,  and  of  leaving  persistent  streaks  which 
were  presented  by  the  Geminids  that  were  observed.  On  the  evening  of  tho 
13th  the  sky  at  Tooting  was  completely  overcast. 

A  definite  radiant-point  of  the  shower  very  near  to  the  latter  position 
appears  also  to  be  indicated  by  tho  appearance  of  one  of  the  meteors  of  the 
December  group,  with  a  very  short  course,  on  the  same  evening,  as  observed 
by  Mr.  W.  P.  Denning  at  Bristol.  The  sky  was  generally  unfavourable  for 
observations  on  both  evenings  of  the  12th  and  13th  of  December;  but  the 
descent  of  a  large  meteor  (as  described  in  the  foregoing  list)  was  noted  near 
the  western  horizon  at  Oh  4iJm,  and  three  other  meteors  wore  seen  during  a 
short  interval  of  a  quarter  of  an  hour  on  the  night  of  the  l^th,  when  the 
sky  was  clear,  and  a  watch  was  kept  by  Mr.  Denning  for  tho  return  of  the 
December  meteors.  "At  10h  3m  r.M.  a  small  meteor  was  seen.  It  was 
evidently  in  close  proximity  to  the  radiant-point,  its  path  being  very  short, 
and  not  extending  over  more  than  one  or  two  degrees.  It  diverged  from 
t  Geminorum  (about  4°  S.  of  Castor),  and  was  of  momentary  duration. 
The  direction  of  its  extremely  short  path  seemed  to  be  towards  the  zenith. 

"  At  10h  18m  1  saw  a  much  brighter  meteor.  It  emanated  from  Gemini, 
and  passed  to  the  horizon  in  the  south.  One  part  of  the  path  occupied  a 
place  about  8°  south  of  liigel  in  Orion  ;  there  was  no  train.  Other  meteors 
were  seen,  but  the  exceedingly  clouded  state  of  the  sky  rendered  it  impossible 
to  note  their  paths." 

The  following  observation  of  a  single  meteor  at  Birmingham  on  the  night 
of  tho  13th,  together  with  a  notice  of  the  appearance  of  the  shower  as 
recently  recorded  there  in  previous  years,  was  received  from  Mr.  Wood : — 

"  December  1 2th,  Meteoric  Epoch. — Birmingham  Observations. 
"  In  1866. — See  tho  British  Association  Reports  for  that  year. 
"  In  1867. — No  observations ;  probably  from  bad  weather,  or  impeded  by 
moonlight. 
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u  In  1 868. — See  the  British  Association  Reports  for  that  year. 

"  In  1860. — December  12th,  a  fine  night ;  one  meteor  in  half  an  hour, 
from  radiant  G. 

"  In  1870.— Overcast  on  the  10th,  llth,  J2th,  and  13th,  excepting  a 
clearance  of  an  hour's  duration  from  1  lh  30m  P.M.  on  the  12th  to  12h30m  A.M. 
on  the  113th.  Five  meteors  in  three  quarters  of  an  hour  from  radiant  G, 
and  traces  of  radiant  K. 

"In  1871. — December  12th  and  13th,  overcast,  excepting  half  an  hour 
from  llh  P.M.  to  llh  30m  P.M.  on  the  lath.  Amount  of  clear  sky  =  £.  One 
meteor  in  this  time  from  radiant.  M^ 

"December  13th,  1  lh  12ln  P.M.  ;  third  magnitude;  blue;  duration  Oo  sec. 
From  K  Orionis;  path  6°;  directed  from  j3  Geminorura.  liadiant  Mt*. 

At  Buntingford,  Herts,  tlie  only  period  clear  enough  for  observations  was 
obtained  by  Mr.  Grog  between  9h  45m  and  llh  30™  P.M.  on  the  night  of  the 
12th,  the  sky  on  the  night  of  the  13th  of  December  being  completely  over- 
cast. Fourteen  meteors  were  seen,  of  which  thirteen  radiated  from  the  direc- 
tion of  Gemini,  They  were  mostly  small,  with  short  paths  and  moderate 
velocities  ;  scarcely  more  than  two  or  three  sufficiently  bright  to  have  attracted 
the  attention  of  other  observers  at  distant  stations.  The  December  star- 
shower  appears  to  be  no  longer  so  striking,  either  in  size  or  in  number  of  the 
meteors,  as  it  was  eight  or  ten  years  since.  The  apparent  velocities  of  the 
meteors  were  alsn  scarcely  greater  than  half,  or  perhaps  about  40  per  cent, 
less  than  those  of  the  meteors  of  the  August  shower.  The  meteors  noted  by 
Mr.  Greg  were  principally  those  which  moved  with  short  courses  near  the 
radiant-point.  The  backward  prolongation  of  their  tracks,  projected  upon  a 
map,  are  closely  clustered  round  the  star  0  Gemiuonun,  which  was  the  prin- 
cipal radiant-point,  with  a  tendency  also  to  be  concentrated  along  a  line  of 
the  meridian  extending  5°  or  0°  north  and  south  of  that  star,  arid  principally 
southwards  from  it  towards,  and  apparently  nearly  as  far  as,  the  stars  e  and 
v  Gcminorum,  giving  the  radiant- region  an  oblong  form,  with  its  greatest 
elongation  in  the  direction  of  an  arc  of  the  meridian. 

At  York  the  condition  of  the  sky  was  so  unfavourable  that  scarcely  one 
meteor  was  visible  during  the  whole  of  the  December  period.  At  Newcastle- 
on-Tyno  the  sky  was  also  completely  overcast.  At  Glasgow  rain  continued 
on  the  night  of  the  12th  until  ten  o'clock,  when  the  sky  became  clear,  and 
remained  so  for  an  hour  until  about  1  lh  30in  P.M.,  when  it  was  a^ain  obscured. 
During  this  interval  seven  meteors  from  Gemini,  nearly  equal  to  iir,st-niagni- 
tudo  stars  in  brightness,  were  recorded,  and  their  apparent  paths  were  mapped 
by  Mr.  11.  Ml'01ure.  The  first  (described  in  the  above  list  of  large  meteors), 
which  diverged  like  the  rest  from  Gemini,  was  as  bright  ns  Jupiter  ;  and  but 
one  meteor  of  the  showej  left  a  persistent  streak.  A  Geniinid  was  also 
observed  at  12h  20m  on  the  same  night,  ami  its  apparent  course  was  mapped. 
The  tracks  of  all  these  shoot  ing- stars  prolonged  backwards  passed  through  a 
small  circle  about  12°  in  diameter,  whose  centre  was  close  to  the  starcGemi- 
norura  at  a  point  in  U.  A,  1)7°,  X.  Decl.  2.^°.  Twenty  meteors  were  counted 
by  two  observers  during  the  hour  of  the  watch  :  but  the  paths  of  only  the  most 
conspicuous,  which  diverged  from  the  direction  of  a  radiant-point  in  Gemini, 
were  recorded  upon  the  map.  On  the  night  of  the  13th,  rain,  and  a  com- 
pletely overcast  state  of  the  sky,  prevented  any  further  observations. 

By  projecting  all  the  recorded  paths  of  the  Geminids  upon  a  single  map,  a 

*  This  meteor  mny  nlno  possibly  have  beon  a  *'  Geminid,"  the  direct  ion  of  its  apparent 
path  being  very  nearly  con  forma  bio  to  the  position  of  the  radiant-point  of  the  shower 
in  Gemini  as  observed  at  its  return  lust  year. 
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radiant-region  of  oval  form  contained  between  the  meridians  of  11.  A.  96°  and 
1 12°,  and  between  the  parallels  of  north  decimation  20°  and  40°,  would 
include  the  directions  of  37  of  the  45  tracks  which  are  thus  drawn.  In  this 
area  the  intersections  of  the  tracks,  prolonged  backwards,  are  slightly  more 
concentrated  than  elsewhere  within  the  radiant-space,  at  a  point  in  K.  A. 
104°,  N.  Decl,  34°,  about  4°  from  0  towards  a  Gominorum,  while  the  general 
character  of  the  radiation  was  diffuse ;  and  the  apparent  paths  of  but  few 
meteors  were  recorded  near  the  radiant-point. 

Meteor-shower  of  January  2nd-3rd,  1872. — On  these  dates  a  watch  was 
arranged  to  be  kept  by  observers  in  different  places  in  England,  and  at 
Glasgow  from  half-past  10  o'clock  until  midnight ;  and  a  favourable  view 
of  the  shower  was  obtained  at  most  of  them  on  the  night  of  the  2nd  of 
January. 

Towards  11  o'clock  a  few  detached  clouds,  which  had  partially  obscured 
the  sky  in  London  during  the  curlier  p;irt  of  the  evening  of  the  2nd  of 
January,  disappeared,  and  tho  view  of  the  shooting-stars  during  the  re- 
mainder of  the  watch  until  midnight  was  uninterrupted.  In  the  neighbour- 
hood of  liegent's  Park,  Mr.  T.  Crumplcn  noted  the  appearance  of  nine 
meteors  in  this  interval,  beginning  bis  watch  at  10h  45nl,  and  recorded  the 
apparent  paths  of  six  conformable  meteors  upon  a  map.  Three  of  these  were 
as  bright  as  first-magnitude  stars.  All  but  one,  which  appeared  ruddy, 
were  white  or  bluish,  not  swift  in  their  motion,  and  two  of  the  brightest 
left  a  short  streak  of  light  upon  their  course.  The  courses  of  all,  prolonged 
backwards,  intersected  each  other  within  the  space  of  a  small  circle  5°  or  0° 
in  diameter,  having  its  centre  at  R.  A.  228°,  N.  Dccl.  52°.  So  quickly  did 
bright  meteors  succeed  each  other,  that  it  appeared  probable  that  the  shower 
would  continue  to  be  of  some  brilliancy  after  midnight.  An  aurora  was 
visible  at  the  same  time  in  the  north. 

In  the  south-west  part  of  London,  near  Eaton  Square,  the  meteors  were 
also  watched  by  Prof.  Herschel,  between  10h  30rn  and  midnight,  the  light 
of  the  rising  moon,  which  first  appeared  at  about  1  lh  30in  P.M.,  being  the  only 
obstruction  to  their  view.  Tho  paths  of  16  shooting-stars  were  mapped,  of 
which  only  one  appears  to  have  been  unconformable  to  the  usual  radiant- 
point  of  the  shower.  It  shot  on  a  very  short  course  close  to  Polaris  from 
the  direction  of  the  zenith  at  llh  7m,  and  was  not  perfectly  observed.  Four 
or  five  smaller  meteors  may  also  have  passed  unrecorded.  8ix  of  the  meteors 
mapped  were  as  bright  or  brighter  than  Ist-magnitude  stars,  the  brightest  ap- 
pearing white  and  those  of  lesser  magnitudes  of  yellow  colour.  Tho  brightest 
only  of  the  meteors  seen  appeared  to  leave  a  faint  streak  of  light,  visible  for 
less  than  a  second,  on  its  course.  This  meteor  described  a  path  of  35°  in  two 
seconds :  it  was  as  bright  as  Sirius  during  the  last  half  of  its  course ;  it 
appeared  at  llh  56m,  and  its  appearance  was  simultaneously  observed  at 
Hawkhurst.  Of  the  fifteen  conformable  meteors,  five  were  erratic  members  of 
the  shower,  their  apparent  paths,  prolonged  backwards,  passing  about  20°  on 
each  side  of  a  very  definite  radiant -point,  from  which  the  remaining  ten 
meteors  all  diverged.  A  circle  of  about  6°  in  diameter,  round  a  central 
point  in  E,  A.  227°,  N.  Decl.  49°,  would  include  tho  intersecting  prolonga- 
tions backwards  of  the  tracks  of  all  the  latter  meteors.  This  apparent  place 
of  the  radiant-point,  which  was  close  to  that  observed  by  Mr.  Crumplen,  is 
also  not  more  than  5°  from  the  position  of  tho  radiant-point  of  the  same 
shower,  at  II.  A.  234°,  N.  Decl.  51°,  as  observed  in  1804*.  A  slight 
increase  in  the  rate  of  frequency  during  the  watch  appears  to  indicate  a 
*  See  these  Koports  for  1864,  p.  98. 
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growing  intensity  in  the  progress  of  the  shower,  the  numbers  of  the  meteors 
recorded  in  the  successive  half-hours  until  midnight  being  3,  5,  and  8. 

At  Tooting,  near  London,  the  sky  was  also  very  clear  on  the  evening  of 
the  2nd ;  and  Mr.  ll.  W.  Jackson  noted  the  appearances  of  nineteen  meteors 
between  10U  and  1  Lh  P.M.,  the  tracks  of  six  of  which  were  very  accurately 
laid  down  upon  a  map.  Eight  meteors  were  observed ;  and  the  paths  of  two 
of  them  were  mapped  between  llh  and  llh  15%  and  only  two  meteors  were 
visible  in  the  following  15m  until  1  Lh  30m  P.M.  The  whole  number  of  meteors 
seen  by  one  observer  in  lh  30m  was  29.  A  bright  meteor  (described 
in  the  above  list),  whose  course  was  exactly  conformable  to  the  usual  radiant- 
point  of  2nd  of  January  shooting-stars,  was  also  recorded  by  Mr.  Jackson  on 
the  night  of  the  31st  of  December.  Although  proceeding  generally  from 
the  direction  of  the  radiant-region  between  Bootes  and  Draco,  no  definite 
centre  of  divergence  was  distinguishable  among  the  meteor-tracks  recorded 
at  Tooting,  which  appear  to  have  belonged  to  outlying  members  of  the 
group;  and  one  of  the  eight  meteors  mapped  was  unconformablc  to  the 
general  radiant-point  of  the  shower.  These  meteors  appeared  for  the  most  part 
white  ;  they  were  generally  bright,  and  left  faint  streaks  upon  their  course, 
which  remained  visible  upon  the  track  of  one  of  the  brightest  for  about  one 
second.  A  flash  like  lightning  was  observed  at  10h  16m  P.M.,  and  two 
similar  flashes  were  noticed  between  10h  16m  and  11 h  P.M. 

At  the  Royal  Observatory,  Greenwich,  the  apparent  paths  and  appear- 
ances of  fifteen  meteors  were  registered  between  10h  12m  and  llh  17'%  of 
which  four  only  were  less  bright  than  stars  of  the  first  magnitude,  in  a  watch 
partly  kept  by  one  and  partly  by  two  observers.  They  were  mostly  bluish, 
but  some  yellowish  white,  and  described  apparent  courses  of  from  10°  to  40° 
in  length,  in  one  or  two  seconds  of  time.  Ten  of  the  meteors  recorded  in  the 
list  left  more  or  less  faint  persistent  streaks  of  light  upon  their  course.  Two 
or  three  of  the  meteors  whose  apparent  paths  were  thus  registered  appear  to 
have  been  unconformablc  to  the  general  radiant-point,  and  the  tracks  of  the 
remainder  prolonged  backwards  present  a  space  of  somewhat  diffuse  radiation 
in  the  region  about  Quadrans  and  the  tail-stars  of  Ursa  Major. 

The  sky  was  also  free  from  clouds  at  Hawkhurst  on  the  night  of  the  2nd, 
and  a  watch  for  the  January  shower  was  kept  from  1  lh  20m  until  midnight. 
Fourteen  meteors  were  noted  in  this  interval,  and  the  paths  of  ten  were  satis- 
factorily observed,  and  were  drawn  upon  a  map.  All  were  directed  from  the 
neighbourhood  of  the  radiant-point  in  Quadrans ;  and  the  backward  pro- 
longation of  their  tracks  presents  a  region  of  somewhat  diffuse  radiation, 
extending  over  an  area  about  25°  in  diameter,  having  an  apparent  principal 
centre  of  intersections  at  a  point  in  about  11.  A.  220°,  N.  Decl.  47°.  The 
meteors  seen  were  principally  of  the  first  and  second  magnitudes,  white, 
shooting  across  the  sky  in  long  courses,  with  moderately  slow  speed ;  and 
about  half  of  their  number  left  a  slight  persistent  streak  of  light  on  the  whole 
or  on  a  part  of  their  course.  Several  smaller  meteors  passed  unrecorded, 
and  the  hourly  numbers  of  the  meteors  been  was  not  less  than  twenty  for 
two  observers. 

At  Birmingham  the  sky  was  very  clear  on  the  night  of  the  2nd ;  the 
courses  of  fifteen  or  sixteen  meteors  were  mapped  ;  and  the  appearances  of 
many  more  were  noted  by  Mr.  Wood  during  the  hour  between  10h  15m  and 
llh  15m  P.M.  At  10h  17l"  a  flash  like  that  of  distant  lightning  (apparently 
the  same  as  that  recorded  by  Mr.  Jackson  near  London,  and  if  so,  probably 
meteoric)  was  seen  upon  the  south  horizon  during  an  interval  of  twenty 
minutes  after  10  o'clock,  in  which  no  shooting-stars  were  visible.  At 
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10h  20m  a  meteor  of  fourth  magnitude  was  seen,  and  at  10h  21m  a  sudden  out- 
burst of  several  bright  varicoloured  meteors  made  its  appearance  in  all  parts, 
four  or  five  shooting-stars  being  visible  in  the  space  of  an  eye-grasp,  so  that 
it  was  impossible  to  record  the  particulars  of  more  than  one  or  two  members 
of  this  group.  Two  of  them  noted  by  Mr.  Wood  were  brighter  than  first- 
magnitude  stars,  leaving  streaks,  apparently  not  conformable  to  the  usual 
radiant-point  of  the  January  meteor-shower,  but  rather  diverging  in 
nearly  parallel  courses  from  the  radiant  At>  2  in  Cassiopeia,  or  one  of  them 
possibly  from  the  radiant  NG  in  that  neighbourhood.  This  burst  of  shooting- 
stars  gradually  subsided,  and  meteors  as  bright  as  first-  and  second-magnitude 
stars  continued  to  succeed  each  other  at  short  intervals  until  10h  49m,  when 
intervals  of  meteoric  quiescence,  unbroken  by  the  appearance  of  any  shooting- 
star  for  10ra,  14m,  and  20m,  succeeded  each  other ;  and  the  last  meteors  scon 
during  the  watch  were  recorded  at  10h  5i)m  and  llh  1IV"  P.M.  Among  twelve 
meteors  registered  by  Mr.  Wood  during  ihc  half  hour  between  101'  20m  and 
10h  50"1,  two  were  as  bright  as,  and  five  brighter  than,  first-magnitude  stars, 
and  five  left  luminous  streaks  that  remained  visible  for  two  or  three  seconds 
on  their  course.  In  colour  they  were  mostly  blue,  white,  or  yellow  ;  and  the 
duration  of  their  flight  was  generally  from  one  second  to  about  one  second  and 
a  half.  Projected  upon  a  map,  the  apparent  courses  appear  to  diverge  from  a 
centre  between  the  last  stars  in  the  tail  of  Ursa,  Major  aud  a  Draconis,  several 
of  their  visible  tracks  having  been  noted  in  or  near  tho  constellation  Ursa 
Major  ;  but  many  scattered  meteors  were  observed ;  and  in  the  following 
remarks  on  the  shower  Mr.  Wood  assigns  various  radiant-points  to  the  prin- 
cipal meteors,  whose  directions  he  hud  projected  and  compared  together  upon 
the  maps. 

"  Meteoric-  xJwwer  of  J(nmary  2w?,  1872. — A  fine  shower  of  bright  meteors, 
at  the  rate  of  twenty  per  hour  for  one  observer,  radiating  in  the  proportion 
of  42  per  cent,  from  K^  [radiant  of  the  annual  shower], 

22         „        from  Mtt, 

*j(>         „        distributed  over  the  radiants  A^,,,  A)K,  NG,  DO.,,  KG. 

"  Meteors  of  slow  apparent  speed,  train -bearing,  and  varicoloured.  The 
time  of  maximum,  the  duration,  and  intensity  of  the  shower  could  not  be 
ascertained  in  consequence  of  clouds  supervening  on  the  succeeding  night. 
The  foregoing  meteors  were  probably  only  a  fragment  of  the  shower." 

A  description  of  the  shower  by  Mr.  *T.  Morton,  at  Ewles,  near  Manchester, 
was  communicated  to  the  Committee  by  Mr.  W.  F.  Denning.  It  was  first 
noticed  at  8h  40m  P.M.  on  the  2nd,  the  sky  being  then  very  clear,  but  after- 
wards becoming  partially  obscured  by  clouds.  One  bright  meteor,  leaving  a 
train  of  sparks,  and  five  smaller  ones  were  seen  before  9  o'clock ;  and  eight 
meteors  of  some  brightness  from  that  time  until  10h  2tfm  P.M.  Six  of  the 
fourteen  meteors  noted  were  as  bright  as  second,  and  one  was  as  bright  as  a 
first- magnitude  star. 

At  Glasgow  the  sky  was  so  hazy  on  tho  night  of  the  2nd,  between 
10h  55°  and  IP  20™  P.M.,  that  Jupiter  and  tho  brightest  fixed  stars  only 
were  visible;  but  during  the  remainder  of  a  wateh  from  U)h  to  12h  P.M.  the 
sky  was  generally  clear,  and  fourteen  meteors  Avero  observed  in  this  interval 
by  Mr.  11.  MrClure.  The  apparent  paths  of  nine  of  them  were  drawn  upon  a 
map;  and  of  these  meteors  four  were  as  bright  as  first-magnitude  stars, 
two  were  as  bright,  and  the  rest  fainter  than  stars  of  the  second-magni- 
tude. All  but  one,  of  reddish  colour,  which  passed  in  a  short  course  from 
Ursa  Major  across  the  star  Pollux,  appeared  white  ;  and  they  described  arcs 
of  from  5°  to  20^  in  length,  in  timoa  which  varied  from  a  half  to  a  full 
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second  in  duration.  Their  tracks  projected  upon  a  map,  although  proceeding, 
as  in  the  foregoing  observations,  from  a  general  radiant-region  near  and 
around  the  star  6  Bootis,  presented  within  that  space  no  well-marked  centre 
of  divergence. 

On  the  same  night,  and  during  the  morning  of  January  3rd,  as  appears 
from  the  following  observations  at  York  and  ftundcrland,  the  shower  con- 
tinued to  be  very  bright,  with  occasional  lulls  and  apparently  outbreaks  of 
its  intensity,  until  near  the  approach  of  daylight.  At  Sunderland  Mr. 
Backhouse  reported  that  "  though  the  night  of  the  2nd  was  for  the  most  part 
very  fine,  yet  at  the  appointed  time  the  sky  was  so  cloudy  that  I  only 
watched  for  a  short  time,  especially  as  meteors  wore  KO  scarce.  1  only  saw 
one  at  that  time ;  but  in  the  morning  I  watched  for  at  least  twelve  minutes 
in  a  cloudless  but  moonlit  sky,  the  radiant- point  in  Draco  being  high  in  the 
sky,  yet  1  saw  no  meteor  belonging  to  that  system,  and  only  one  altogether. 
The  evening  of  the  Ifrd  was  fine  till  about  10h  P.M.,  when  it.  clouded  over. 
1  did  not  FCC  a  single  meteor,  though  1  watched  for  about  ten  minutes  at 
Gjl  ;JOm,  n nd  equally  long  about  Oh  lf>'V 

Another  considerable  outburst  of  the  shower  must,  however,  have  occurred 
shortly  before  daybreak  on  the  morning  of  the  3rd,  as  the  brilliancy  and  rapid 
succession  of  the  meteors  at  that  time  at  Street,  Somersetshire,  attracted  a 
child's  attention,  who,  as  related  by  Mr.  Clark,  informed  him  of  some  of  the 
particulars  of  their  appearance.  "  The  nights,  both  of  the  2nd  and  3rd,  were 
so  unfavourable  a,s  to  prevent  me  from  sending  you  any  observations.  On 
the  tHurniiiff  of  the  3rd,  however,  1  had  an  account  from  my  nephew,  who 
though  but  eight  years  old  is  intelligent  enough  to  take  a  good  deal  of 
interest  in  simple  scientific  things,  of  several  meteors  which  lie  had  seen, 
coining  rapidly  after  one  another,  and  evidently  somewhat  bright/1 

On  the  following  evening,  and  night  of  the  3rd  to  the  4th  of  January,  the 
sky  was  so  completely  overcast  at  all  the  British- Association  stations  that 
no  shooting-stars  could  be  observed  ;  but  o?i  that  evening  a  single  meteor,  as 
brilliant  as  Jupiter  (as  described  in  the  above  list),  was  observed  at  (ireen- 
wich,  the  direction  of  whose  apparent  course  was  almost  exactly  directed 
from  the  radiant-point  K3  in  Quad  ran  s  (Bode,  or  in  the  region  of  Draco 
between  Hercules  and  Bootes),  which  distinguishes  the  annually  recurring 
meteor-shower  of  the  1st-  3rd  of  January. 

jMetevrir  showr*  of  J;>/vV,  187^.-— Some  observations  of  the  April  star- 
shower  in  |N?1,  not  included  in  last  year's  Report,  were  obtained  by  Mr. 
Clark,  at  York,  with  a  clear  view  of  the  sky,  from  shortly  hefoie  ten 
o'clock  until  midnight  on  the  night  of  the  IJlth  of  April  in  that  year.  Six 
rather  bright  meteors,  with  very  short  courses  of  only  a  few  degrees  in 
length  near  tho  constellation  "Ursa  Major,  were  mapped,  belonging  apparently 
to  the  meteoric  system  or  group  of  radiant -points  Ms  in  that  constellation. 
One  meteor  from  tbe  direction  of  Lyra  was  also  seen  before  eleven  o'clock,  and 
six  between  eleven  o'clock  and  midnight,  the  sky  being  equally  clear, — the 
numbers  of  meteors  of  all  kinds  seen  in  the  former  hour  bring  six,  and  in  the 
latter  nine.  The  sky  \v;is  overcast  on  the  other  nights  of  the  shower. 

The  radiant-point  MH  of  lleis's  and  Greg's  former  list*  was  marked  in 


*  Report  for  1S<U,  p.  00.     Hwlinnfr  nt  E.  A.  IHO0,  N.  Peel  f>l°,  enduring  from  April 
ftth-  JWMh,  apparently  identical  \\ilh  M  H  of  1  Iris's  list  lor  April,  nt  H,  A.  lf>f>°,  N.  Peel  47°, 
N  Ursje  MnjoriH :   now  subdhided  by  Mr.  dreg  into  separate  radiant  -points,  MZ 
GZ,  near  o'lVsiv  Mnjnrm  mul  Cor  Taroli,  in  March  and  April ;  M  ,Z  near  y  Loom's 


Kith 
near  X 

mid  MGZ, — , —   j        -        . 

on  the  IOlh-1'Ofh  of  April:' and  Mil,  in  theLvnx,  near  the  fore  feet  of  Ursa  Major,  from 
the  mil  of  April  to  the  beginning  of  Juno.    (Sec  the  Table  at  the  end  of  this  Beport.) 
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April  last  by  the  appearance  of  some  conspicuously  bright  meteors,  to  whose 
characteristic  brilliancy  Mr.  J,  E.  Clark  drew  particular  attention  in  the 
following  communication  to  'Nature1  of  May  2nd,  1872  (the  meteors 
alluded  to  by  Mr.  Clark  are  described  in  the  foregoing  list) : — 

"  I  noticed  in  your  Number  of  last  week  the  account  of  a  brilliant  meteor 
observed  in  Cumberland  on  April  19th.  Now  I  had  reported  to  mo  a  very 
similar  meteor  at  nearly  the  same  time  (about  8h  40m  P.M.),  an  account  of 
which  I  forwarded,  with  the  other  results  of  my  night's  watch,  to  Mr.  A.  S. 
Herschel,  who  would  gladly  receive  any  further  report  of  the  same  ;  un- 
fortunately 1  have  not  the  Number  of  '  Nature '  at  hand,  and  therefore 
cannot  make  a  personal  application  to  your  correspondent.  On  the  same 
evening,  about  llh  7m,  I  myself  saw  an  exceedingly  brilliant  meteor,  which 
fell  to  a  point  just  south  of  Vega.  It  is  curious  that  both  of  these  came 
from  the  radiant  situated  at  about  II.  A.  155°,  N.  Decl.  47°,  or  rather  from 
one  of  the  group  of  radiants  there  situated,  M8  of  Heis,  50  and  52  of  Schia- 
parelli.  It  would  be  an  interesting  point  of  investigation  whether  the 
meteors  from  that  radiant-point  are  of  peculiar  brightness/' — J.  E.  CLAKK, 
April  30th,  1872. 

The  meteor  seen  by  Mr.  Clark  at  York  was  seen  at  the  same  time  at 
Hawkhurst ;  and  the  direction  of  its  apparent  path  there,  prolonged  back- 
wards, meets  its  similarly  prolonged  track,  as  observed  at  York,  near  ^  Ursae 
Majoris,  very  near  the  position  of  the  radiant-point  M8.  The  bright  meteors 
described  in  the  above  list  on  April  5th  and  19th,  and  May  3rd,  appear  all 
to  have  diverged  from  the  same  group  of  meteor-radiants  in  U-r.sa  Major. 
Those  recorded  on  March  26th,  April  12th  and  22nd,  radiated  from  centres 
of  a  group  of  apparently  equally  bright  meteor-showers,  S4>  5>  6,  in  the  neigh- 
bourhood of  Virgo  and  Comae  Berenices. 

On  the  evenings  of  the  12th,  13th,  and  14th  of  April,  1872,  Mr.  Greg 
watched  at  Buntingford,  Herts,  for  an  early  appearance  of  the  April  meteor- 
showers  from  the  direction  of  Cerberus  or  Lyra  (QII,,  QHa),  connected  to- 
gether apparently  in  one  meteor-system  making  its  appearances  on  the  13th 
and  19th-20th  of  April.  The  former  radiant-point  was  rioted  from  the  paths 
of  nine  small  shooting-stars,  seen  in  about  two  hours  on  the  morning  of  the 
13th  of  April,  1864,  by  Prof.  A.  S.  Horschel  at  IJawkhurst*  ;  and  no  appear- 
ance of  this  shower  appears  to  have  been  again  visible  in  subsequent  years. 
Its  radiant  position  at  R.  A.  270°,  N.  Decl.  25°,  was  yet  distinctly  marked, 
the  meteors  resembling  each  other  even  more  closely  than  those  of  the  group 
from  Lyra  in  their  appearance,  and  moving  in  swift  courses  over  all  parts  of 
the  sky  from  a  region  of  somewhat  diffuse  radiation,  extending  to  but  not 
exceeding  the  limits  of  the  small  constellation  Cerberus  (Bode),  with  an 
average  centre  at  about  the  position  named.  By  its  close  neighbourhood  to 
the  well-established  radiant-point  of  the  Lyrai'ds  at  about  K.  A.  278°,  N.  Decl. 
34°-5  f>  it  appears  to  have  been  an  early  commencement  of  that  shower,  and 
an  integral  part  of  the  meteor-system  which  was  first  shown  by  Drs.  Weiss  and 
D'Arrcst  to  be  apparently  connected  with  the  periodic  orbit  of  the  Comet  I, 
1861.  Mr.  Greg's  watch  for  the  early  reappearance  of  fche  group  on  the 
above  date  was  unsuccessful,  two  small  meteors  only  being  observed  from  the 
radiant  DG  (in  the  head  of  Draco),  and  two  meteors  radiating  from  the 
direction  of  /3  Herculis,  during  a  very  careful  watch  on  each  of  the  above- 
named  nights. 

Shortly  after  the  end  of  April  last,  a  communication  from  Mr.  W.  F.  Den- 

*  Keport  for  1864,  pp.  40  and  98. 

t  See  these  Reports  for  1864,  p.  98,  and  1868,  p.  399. 
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ning  informed  the  Committee  that  Mr.  Knobe],  at  Burton-on-Trent,  had 
observed  "many  meteors  in  April,  particularly  on  April  14th,  1872.  They 
appeared  to  radiate  from  a  point  in  Bootes  east  of  £  Bootes."  This  point, 
which  is  very  near  to  /3  Herculis,  was  nearly  in  the  direction  of  the  last  two 
meteors  seen  by  Mr.  Greg,  and  in  the  position  of  the  general  radiant  Q,,a* 
3f  meteors  first  beginning  to  be  seen  abont  the  2{*rd  of  April,  but  which 
appears  from  these  observations  to  present  itself  close  to  the  same  position  at 
least  ten  days  earlier,  on  about  April  12th.  (See  the  Table  at  the  end  of 
this  Keport.  .Radiant,  No.  51.) 

The  night  of  the  10th  of  April,  1S7-,  was  generally  not  unfavourable  for 
Dbscrvations  at  most  of  the  British- Association  stations.  At  York,  until 
nearly  llh  P.M.,  the  sky  was  nearly  overcast ;  but  at  thut  hour  the  clouds 
began  to  disperse,  and  soon  after  the  beginning  of  the  watch  they  had  finally 
lisappcarcd.  During  the  succeeding  interval  between  10h  45m  and  llh  45m 
P.M.  nine  meteors,  t\vo  of  them  as  bright  and  two  brighter  than  fir»t-mag- 
tiitude  stars,  were  observed,  six  being  visible  in  the  first  and  only  three 
meteors,  with  two  or  three  faint  flashes  near  a  Lyra?,  in  the  last  4olu  of  Iho 
watch.  Prom  1  lh  to  1  Jh  15m  there  seemed  to  be  quite  a  brisk  shower,  but 
ifter  that  time  their  rate  of  fall  diminished  considerably.  The  Ly raids  were 
ill  noticeably  rapid  in  their  flight,  their  courses  varying  from  5°  to  25°  in 
length,  and  the  duration,  even  of  the  longest,  scarcely  exceeding  half  a 
second.  They  were  colourless  or  white,  and  there  was  a  noticeable  absence 
:>f  streaks  upon  their  course.  Two  or  three  meteors  diverged  from  a  radiant, 
N"o.  f)3  of  Schiaparelli,  in  Conuc  Berenices,  apparently  connected  with  the 
radiant  >S|§  6,  near  the  same  constellation,  in  Virgo,  of  Ilcis  ;  others  from  Ms ; 
and  five  of  the  nine  shooting-stars  whose  courses  were  mapped  were  Lyraids. 
The  brightest  ofthe.se  appeared  at  Ilh  26m,  and  its  apparent  course  was  also 
noted  at  AVisbeach  and  at  Hawkhurst.  The  radiation  of  the  Lyraids  was 
not  very  exact ;  but  the  courses  of  three,  prolonged  backwards,  intersected 
each  other  very  nearly  at  a  point  in  lv.  A.  280°,  K.  Decl.  43 ',  near  IT  Lyra?. 
Some  further  observations  on  the  progress  of  the  shower  will  shortly  be  given 
from  Mr.  Clark's  report  of  its  appearance. 

At  Buntingford  a  clear  sky  prevailed  on  the  1'Jth,  between  llh  lom  and 
12h  4oln,  and  the  apparent  paths  of  seven  meteors  of  iirsi  and  second  mag- 
nitudes, all  of  them  meteors  of  the  April  shower,  were  drawn  upon  a  map 
by  Mr.  Greg.  The  backward  prolongation  of  iheir  tracks,  which  were 
generally  not  far  from  the  radiant -point,  presented  a  very  definite  area  of 
intersections  3°  or  4°  in  width,  at  about  K.  A.  208°,  X.  Decl.  25°,  in  Cerberus. 
Their  courses  were  generally  short ;  and  the  following  is  Mr.  dreg's  description 
of  their  appearance  : — "  Owing  to  the  moon  being  so  bright  the  tracks  were 
rendered  rather  shorter  and  the  trains  less  visible  than  they  woiild  otherwise 
have  been,  besides  causing  me,  no  doubt,  to  miss  seeing  n  number  of  others. 
Certainly  there  was  distinctly  a  sho\\er  going  on  which  was  not  visible  011 
the  evenings  of  the  12th,  13th,  and  Uth.  Five  only  of  the  seven  were  very 
white  ;  their  average  brightness  was  that  of  a  first-  or  second-magnitude  star, 
and  owing  to  the  shortness  of  their  apparent  paths  their  duration  was  under, 
if  any  thing,  half  a  second.  The  radiants  QH,  [of  meteors  on  the  12ih-13th, 
in  Cerberus]  and  (}H,  [of  the  Lyraids  on  the  19th-20th  of  April]  appear  tx> 
me  to  be  simply  one  and  the  same  shower,  with  a  slight  difference  in  the 
dates  and  in  the  positions  of  ttie  radiant-points/'  The  sky  was  quite  over- 
cast at  Buntingford  on  the  night  of  April  20th. 

At  Air.  Crmnplen's  station  in  London  the  sky  was  remarkably  clear,  but 
*  lloiiort.  for  1*0*.  p.  402, 
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only  three  meteors  radiating  from  near  a  Lyras,  and  in  the  neighbourhood  of 
that  constellation,  were  observed  in  a  watch  of  three  quarters  of  an  hour,  at 
about  1 1  o'clock  on  the  evening  of  the  19th.  The  first  of  these  was  as  bright 
as  a  first-magnitude  star,  leaving  a  streak  of  light  upon  its  course  which  re- 
mained visible  for  nearly  a  second.  On  the  night  of  the  20th,  soon  after 
10  o'clock,  the  sky  was  entirely  overcast. 

At  Bristol,  on  the  19th,  few  stars  wore  visible  between  10h  and  llh,  the 
sky  being  very  cloudy,  excepting  for  a  few  minutes  in  the  north-cast,  at  about 
eleven  o'clock,  when  one  conspicuous  meteor  and  one  small  one  only  wore 
seen  by  Mr.  Denning.  The  former  rather  bright  meteor  is  described  in  the 
above  list. 

At  Birmingham  a  hazy  state  of  the  sky  also  prevailed  on  the  1  Oth,  and 
strong  full-moon  light  C3n  this  and  the  following  evenings  only  permitted  a 
single  meteor  to  be  seen.  The  scarcity  of  meteors  on  the  latter  niglit  during 
an  hour's  attentive  watch  was,  however,  fully  confirmed  by  the  other  obser- 
vations which  will  shortly  be  described. 

"Meteor  shower  of  April  1872. 

"April  19th,  from  HO11  P.M.  till  llh  P.M.     Sky  hazy;  moonlight;  no 

meteors. 
„      20th;  from  10h  20m  to  1  lh  20m  IVM.    Sky  clear;  moonlight;  one 

meteor. 

„  20th,  10h  59m  r.M.;  brighter  than  a  Ist-inag.  star;  white;  dura- 
tion 0-5  second.  From  a  Aurigce;  path  10°,  directed  from 
a  Lyrfc.  Left  no  streak  (a  part  only  of  the  meteor's  course 
seen,  askance)." — W.  //,  Wood. 

On  account  of  the  overcast  state  of  the  sky  no  observations  on  these  dates 
were  obtained  at  either  Glasgow,  Newcastle-upon-Tyne,  or  Sunderland. 

A  list  of  six  meteors  seen  at  Wisbcach  between  10h45m  and  llh  30™  P.M.  on 
the  19th,  with  a  tracing  of  their  apparent  courses  on  a  map,  was  received 
from  Mr.  S.  II.  Miller,  with  the  following  remarks  on  their  appearance : — 
"  There  was  a  remarkable  accordance  in  their  direction,  and  No.  (>  seemed  to 
take  the  same  path  as  No.  5.  The  brightness  of  the  moon  interfered  with 
the  observations  of  their  colour,  and  also  of  the  length  of  their  path,  especially 
as  they  were  small,  and  their  trains  of  light  a  thin  streak.  I  did  not  see  one 
on  the  20th,  although  I  kept  a  persistent  watch."  In  reply  to  a  later  in- 
quiry on  the  latter  point,  Mr.  Miller  adds,  "The  sky  was  clear  on  the  niglit 
of  the  20th,  during  the  hour  I  watched,  and  had  there  been  any  meteors 
then,  I  think  I  must  have  seen  them ;  but  after  1  lu  80m  it  became  cloudy, 
and  there  was  rain  on  the  next  morning  early." 

On  the  night  of  the  19th,  at  Hawkhurst,  the  sky  was  very  clear,  the  moon- 
light bright,  and  a  faint  aurora  was  visible  in  the  north.  Between  1 1  o'clock 
and  12h  1 5m,  four  observers  counted  1 6  meteors,  whoso  apparent  courses  wore 
more  or  less  exactly  recorded.  Ten  of  these  meteors  wcro  seen  in  the  first, 
and  six  in  the  last  half  of  tho  watch,  and  nine  were  as  bright  as,  or  brighter 
than,  ]  fit-magnitude  stars.  Two  of  tho  brightest  meteors  mapped  were  also 
simultaneously  observed  at  York,  and  one  of  them  diverging  from  Lyra  was 
at  tho  same  time  recorded  at  Wisbeach.  Nine  of  tho  sixteen  meteor-tracks 
were  directed  with  no  distinct  centre  of  radiation  from  a  space  between 
a  Lyree  and  3  Ilereulis,  and  the  remaining  meteor-tracks  were  nearly  equally 
distributed  in  their  directions  from  the  radiant-points  WG  (?)  in  Cygnns, 
SJ|3  in  Yirgo  and  Comic  Berenices,  Qli3  in  Corona,  and  M8  in  Ursa  Major. 
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Thfe  only  meteor  from  the  latter  radiant-point  (near  the  zenith)  wag  tlio  very 
brilliant  one  seen  to  fall  vertically  elsewhere,  and  described  as  proceeding 
from  the  same  radiant-point  by  Mr.  Clark,  at  York.  The  Lyraids  appeared 
white  and  swift,  and  generally  left  no  streak ;  but  when  seen  foreshortened 
near  the  radiant-point  they  sometimes  appeared  bluish  or  yellowish,  and  left 
persistent  streaks.  The  sky  was  overcast  on  the  night  of  tho  20th,  and  no 
meteors  were  observed. 

At  the  lloyal  Observatory,  Greenwich,  during  an  interval  of  clear  sky  on 
the  19th,  between  half-past  ton  and  half-past  eleven  o'clock,  six  meteors 
were  registered  by  one  observer  of  Mr.  Glaishor's  stair,  of  which  three  were 
as  bright  as  first-magnitude  stars,  and  four  diverged  from  tho  neigh- 
bourhood of  «  Lyroc.  Tho  Lyraids  were  all  bluish  v>hite,  with  short  appa- 
rent paths,  leaving  streaks,  "bn  the  night  of  the  20th,  the  pky  at  the  Royal 
Observatory,  Greenwich,  was  too  cloudy  for  further  observations  of  the  April 
shower. 

During  the  night  of  the  19th  of  April,  it  appears,  from  observations  which 
were  C(  ntimied  at  the  Radcliffe  Observatory  at  Oxford,  by  Mr.  Lucas,  until 
the  appearance  of  daybreak,  that  tho  activity  of  tho  April  meteor-shower  was 
very  brightly  maintained  until  the  morning  of  April  20th.  During  a  strict 
watch  kept  for  shooting- stars  on  that  morning  from  lh  A. jr.  until  4h  A.]\r.,  the 
sky  was  quite  clear  during  tho  first  hour,  and  only  crossed  occasionally  by 
clouds  from  tho  south-west  during  the  last  two  hours  of  the  watch.  Towards 
4  o'clock  A.M.,  the  brightness  of  the  full-moon  light  gave  way  to  that  of  the 
approaching  dawn  ;  and  a  thick  haze  beginning  at  this  time  to  overspread  the 
sky,  at  length  obscured  all  but  a  few  stars  of  the  first  and  second  magnitudes. 
The  appearances  of  twenty-six  meteors  were  recorded ;  five  iu  the  first,  five 
in  the  second,  and  sixteen  during  the  last  hour  of  the  watch ;  the  numbers 
of  1  st-magnitude  shooting-stars  visible  in  tho  same  times  being  two,  one,  and 
six.  Seventeen  of  all  the  meteors  noted  were  Lyra'uK  of  which  the  numbers 
recorded  during  the  same  times  were  four,  three,  and  ten.  Six  of  the  Lyraids 
were  as  bright  as  first,  and  six  as  bright  as  second-magnitude  stars,  and  they 
appeared  white  even  in  tho  strong  moonlight.  Their  courses  were  generally 
very  rapid,  sometimes  20°  or  30°  in  length,  and  occasionally  leaving  a  per- 
sistent streak.  Of  the  nine  remaining  meteors,  all  but  two  proceeded  appa- 
rently from  a  radiant-point  in  Cygnus  eastward  from  that  in  Lyra,  not  far 
from  the  position  in  May  and  Juno  of  a  radiant-point  AVG  in  that  constel- 
lation ;  four  courses  prolonged  backwards  intersect  each  other  close  to  e  Cygni, 
near  which  one  of  these  imoonformable  meteors  also  moved  with  a  short  ap- 
parent path.  Tho  brightest  meteor  seen  during  tho  watch  moved  from  the 
direction  of  e  Cygni,  bursting  when  it  had  reached  the  brightness  of  Jupiter, 
on  a  long  course  from  y  Cassiopeia*  nearly  to  Capella ;  its  duration  was  two 
seconds,  and  it  was  followed  by  the  next  meteor,  which  appeared  aa  bright 
as  a  2nd-magnitude  star,  moving  upon  exactly  the  same  course.  Two  other 
unconformablc  meteors  were  directed  from  the  radiant-points  S1>5  in  Yirgo 
and  Comcc  Berenices. 

The  tracks  of  the  seventeen  LyraVds,  prolonged  backwards,  all  passed 
through  a  region  of  radiation  including  the  chief  stars  of  Lyra  and  tho  stars 
J,  o  Ilereuli's,  where  a  circular  area,  about  15°  in  diameter,  with  its  centre  at 
11.  A.  275°,  N.  Decl.  :*2°,  would  include  all  tho  directions  of  the  LyraVds  that 
were  observed,  and  was  probably  very  near  the  central  point  of  divergence  of 
the  group.  The  radiant-point  being  near  tho  zenith  when  the  Lyraids  wero 
most  numerous  in  tho  last  hour  of  the  watch,  and  their  courses  extending 
round  it  towards  all  parts  of  tho  sky,  this  apparent  place  of  the  radiant-point, 
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although  not  definitely  marked  by  exact  intersections  of  their  apparent  paths, 
yet  appears  to  be  the  best  average  position  of  the  somewhat  diffuse  centre  of 
divergence  which  they  appear  to  have  presented  that  was  obtained  during 
the  last  annual  reappearance  of  the  April  meteors. 

The  notable  absence  of  meteors  on  the  evening  of  April  20th,  after  the 
somewhat  considerable  star-shower  that  was  scon  at  most  of  the  stations  on 
the  preceding  night,  was  especially  remarked  by  Mr.  Clark,  who  described  the 
following  particulars  of  the  watch  which  he  kept  at  York  for  the  appearance 
of  any  continuation  of  the  meteor-shower  which  might  bo  visible  on  the 
second  night : — "  The  watch  on  Saturday  the  20th  was  altogether  unsuccessful. 
I  commenced  a  few  minutes  before  I0h,  and  was  joined  at  10h  2om  by  NT. 
Brown,  when  for  about  ten  minutes  a  cirrus  cloud  from  the  oast  obscured 
two  thirds  of  the  sky,  and  wo  were  driven  in  by  a  snow-storm  from  the  north 
at  llh  10m ;  after  which  I  did  not  wntch,  as  it  remained  more  or  less  cloudy. 
However,  during  that  period  of  nearly  an  Jimn*  ami  a  quarter,  for  half  the 
time  two  watering,  we  did  not  sec  with  certainty  it  sinylc  meteor.  Such  a 
remarkable  absence  of  them  L  have  never  noticed  before.  To  be  sure  the 
moon  was  brilliant,  but  not  so  brilliant  as  to  obscure  4th-niagiiitudc  stars." 

Meteoric  Shower  of  May  1872. — Some  preparations  which  were  made  by 
the  Committee  to  watch  for  the  appearance  of  any  star-shower  or  conspicuous 
meteors  on  the  nights  of  the  17th,  iSth,  and  19th  of  May,  when  such  have 
been  occasionally  observed,  were  entirely  frustrated  by  a  constant  succession  of 
wet  and  cloudy  weather.  During  the  hour  appointed  for  observation  on  the 
evening  of  the  20th  of  May,  Mr.  Miller  watched,  with  a  tolerably  clear  view 
of  the  sky,  at  Wisbcach,  without  seeing  any  meteors. 

A  single  bright  meteor  of  tho  shower  was  seen  at  Newcastle-on-Tyne,  in 
an  interval  of  clear  sky  for  about  twent}7*  minutes-,  on  the  night  of  May  17th— 
18th,  at  12h  10m  (midnight)  by  Professor  llersohcl.  It  resembled  a  Lyra)  in 
brightness  and  colour,  and  passed  in  two  seconds  from  between  £,  77  Draconis 
to  between  £,  v\  Ursa)  Major! s,  beginning  its  course  f>°  before,  and  ending  it 
£°  beyond  those  stars,  and  leaving  a  bright  streak  upon  its  whole  track,' 
which  remained  visible,  even  in  the  bright  moonlight,  for  one  or  two  seconds. 
The  meteor's  motion  was  apparently  from  the  radiant  D(la  in  Draco,  and  was 
not  conformable  to  the  principal  radiant-group  in  Corona  and  Hercules  (Q1§a) 
of  this  meteoric  epoch. 

PAPr.lt  8  RllLVTIXfl  TO  IfETEOiac  AsTUONOMY. 

A  pamphlet  of  printed  instructions  to  observe! s  of  shooting-stars  for  tho 
year  1872-73  has  been  circulated  among  astronomers  and  the  associated  ob- 
servers of  shooting-stars  in  Italy  by  Professor  Schist parolli  and  Signor  J«\ 
Denza,  appointing  five  or  six  nights  in  eaeh  month  for  combined  observations, 
together  with  a  list  of  nights  in  the  whole  year  for  which  not  more  than 
twenty  meteor-tracks  were  recorded  by  Zezioli.  Observers  at  fourteen 
Italian  stations  arc  engaged  in  these  observations ;  and  the  Italian  Luminous 
Meteor  Association  have  already  recorded  the  apparent  paths  of  (1151  meteors 
in  1870,  and  of  10,2/57  meteors  in  1871,  which  have  been  projected  upon 
suitable  maps  for  exhibiting  the  radiant-points  which  they  present.  It  is 
intended  to  print  these  maps  so  as  to  exhibit  the  positions  and  characters  of 
the  different  radiant-points,  with  their  dates  of  appearance,  as  clearly  and 
conveniently  as  possible  to  the  eye.  The  star-maps  employed  by  tho  Asso- 
ciation of  Italian  observers  are  constructed  upon  the  same  projection  as  the 
•well-known  Celestial  Atlas  of  Professor  Dorna  of  Turin.  The  observations 


OBSERVATIONS  OF  LUMIXOCa  ...  109 

of  shooting-stars  made  at  the  observatory  of  Monculieri  continue  to  be  pub- 
lished in  the  Meteorological  Bulletin  of  that  observatory,  in  which  nearly 
1000  meteor-paths  observed  before  the  end  of  April  1809  have  been  already 
published.  All  the  observers'  notes  are  also  transmitted  to  Milan  for  final 
reduction  and  arrangement  in  a  collective  Catalogue  by  Professor  Schiaparelii. 
In  connexion  with  this  extensive  research,  an  enlarged  edition  of  his  ori- 
ginal Memoir  ou  the  Astronomical  Theory  of  Shooting-stars*  has  recently 
been  compiled  by  Professor  Schiapardli,  and  was  published  last  year  under 
his  directions,  as  a  separate  volume,  in  the  German  language  by  Dr.  vou 
Boguslawski,  of  Stetiint.  The  materials  of  the  original  Treatise  liuvy  been 
much  increased,  so  as  to  present  a  full  account  of  the  recent  investigations  in 
meteoric  science  whose  results  have  mos>t  contributed  to  advance  this  modern 
branch  of  astronomy  since  Ihe  publication  of  his  former  ^ork.  A  complete 
Table  of  all  tho  18i)  radiant-points  obtained  from  Xezioli's  observations:}:, 
the  full  particulars  of  which  have  not  been  previously  published,  is  also  em- 
bodied in  the  work,  with  a  supplementary  Table  showing  the  position  of  each 
radiant-point  with  regard  to  the  apex  of  the  earth's  way,  and  the  principal 
elements  of  its  parabolic  or  cometury  orbit.  In  a  list  of  notes  on  the  several 
radiant-points,  a  comparison  of  thoir  positions  with  those  obtained  by  other 
observers,  showing  them  in  many  cases  to  corroborate  or  to  correct  former 
observations,  is  made  to  connect  the  new  list  of  radiant-points  in  every  im- 
portant point  of  agreement  with  the  older  lists  of  Jleis,  Greg,  and  Schmidt, 
and  with  tho  separate  determinations  of  special  radiant-points  by  individual 
observers.  A  useful  summary  of  these  results  is  given  by  Mr.  (ircg  in  the 
accompanying  comparative  Table  of  radiant-points,  presenting  in  one  view  all 
the  points  of  difference  and  resemblance  between  the  several  general  cata- 
logues of  radiant-points  which  have  hitherto  been  published,  with  the  excep- 
tion of  the  extensive  Catalogue  recently  printed  by  Dr.  Schmidt  in  the  second 
volume  of  the  publications  of  tho  Observatory  of  Athens,  to  which  the  Com- 
mittee have  not  yet  been  able  to  refer  §.  With  tho  aid  of  observations  received 
since  the  appearance  of  the  last  printed  Meteor-Catalogue  in  these  Reports, 
the  Committee  propose  to  consider  more  closely  the  epochs  and  positions  of 
the  general  radiant-points  exhibited  in  this  Table,  and  to  enter  in  a  future 
lleport  into  a  complete  discussion  of  the  identity  and  of  the  comparative  im- 
portance of  the  different  families  or  groups  of  meteoric  showers  which,  in 
many  instances,  it  appears  most  properly  to  represent. 

*  "  Note  o  RouWioni  intorno  alia  Teorm  A^nmonm-a  dolle  Stelle  Cadenti."  (Sco  these 
Reports  for  I8U8,  p.  407.) 

t  Entwurf  cmer  astronomisrhen  Theorie  der  Slernschnupprn,  von.  J.  V.  Schiaparelli. 
Aiw  dem  Italic™  Fi-hen  liberal /A  uml  hermi^etfeheii  Mm  Georg  YOU  Jjogu&law&ki  (Syo,  with 
four  Plates,  !>G8  pp.).  Stettin,  1871,  Verb"  von  Th.  A  on  dcr  Xahmer. 

t  A  Table  of  the  principal  iv.eteor-^iowevs  ouU  of  tln>  later  1M  was  formerly  pub- 
lished by  Professor  Schiaparolli  (rule  Report  for  1^70,  p  «,»S),  ^\(\\  sliuht  subsequent  alte- 
rations in  two  Memoirs  in  the  Kphemcrides  of  the  Milan  Observatory,  containing  annota- 
tions on  tho  history  and  characteristics  of  each  meteor-bluwer  of  the  List,  one  memoir  in- 
cluding tho  meteor-showers  observed  in  oaeh  half  year.  That  for  the  fir.4  half  year  was 
noticed  in  tho  last  Report  (1871,  pp.  44  48),  and  the  corn-hiding  Memoir  has  binee  been 
received  by  the  Committee  from  Prof.  Schiaparelh.  To  this  complete  cycle  of  xneteor- 
Rhowers,  and  to  tho  descriptive  notes  which  it  contains,  further  consideration  will  be  devoted 
in  tho  next  Report. 

§  The  same  Table  is  also  presented  by  Dr.  Schmidt  in  tho  'Agronomist-he  Xavhrichten/ 
No.  1756. 
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GENEUAL  LIST  OF  BOLIDES  AND 


Date. 

Hour. 

Place  of 
Observation. 

Apparent  Size. 

Colour. 

Duration. 

Position. 

1783. 

h  m    s 

Jan.   8 

Evenintr 

Sloujrh  13  ucks  .  .  . 

Very  bright  

Sept.26 

[bid  

Brilliant  

Passed  along  close 

under  &  Lyra. 

Nov.  2. 

8  55  p.m. 

Ibid  

Large  and  bright 

Dropped    from    $ 

1794. 

Cygni. 

June  28 

3  55  a.m. 

Ibid  

Rocket-like  

Meteor-streak. 

»           Y                             «c 

•    *  '•    . 

9 

1871. 

Ursa  Major. 

Sept.  1 

10  45  p.m. 

Knoeklong,    Co. 

Very  brilliant  ..,, 

In  thesouthcrn  skv 

Limerick. 

at  an  elevation  of 

about  20°. 

10 

10  48   p.m. 

First    visible    near 

Limerick. 

beautiful  co- 

Pegasus and  passed 

lours. 

across  the  sky  to 

Gapella. 

U 

10    7  p.m. 

Between   Alder- 

Fully  as  bright  a* 

Slo  wand  state- 

a~     ^_. 

shot  and  Farn- 

Venui. 

ly  motion. 

From  328°+  17° 

ham. 

to  300-  2J, 

ending  its  flight  | 

a  little  beyond  1 

Aquilic. 

Oct.  8 

10  28  51 
p.m. 

Regent's  Park, 
London. 

Nearly  as  bright  a*- 
Venus. 

White 

Slow  motion.  . 

From  altitude  45°, 
15°  W.  from  S., 

to  altitude  30°  or 

35°,  20'  W.  from 

S. 

11 

About 

Brompton,  Lon- 

Very large   

Intensely  vivic 

Two  or  three 

By  the  side  and  to 

12    7  or 

don. 

giccn. 

seconds. 

the  noith  of  Ju- 

12 10  a.m. 

piter;  about  as  fa 

from  him  as  Cas- 

tor is  from  Pollux. 

11 

9    5  50     Royal    Observa- 

Brighter  than  Ju- 

Bluibh; the 

G  seconds.   ... 

Moved  from  Polaris 

p.m. 

tory,  Greenwich 

piter. 

fragments 

in  a  nearly  straight 

crimson. 

line  between  e  and 

£  Urbie  Majoris, 

Nov.  9 

11  55  10 

Ibid  

Brighter  than  Ju-  Hlnkh  ... 

1 
G  seconds.   ...  Parsed  between  y 

p.m. 

pitcr. 

and  e  Leonis. 

11 

8  17  30 

Ibid  

Twiffi  as  brio-lit  ns 

Bluish-white  . 

1 
I  second          From  near  the  Ple- 

p.m. 

Jupiter. 

iades,  passed  close 

to  y  Tauri  about 

halfway  between  » 

and  X  Tauri. 

12 

7  45  p.m. 

Tenby,   South    !  Brighter  than  thejOrange-yelloVr 

2  or  3  seconds.  Course  as  in  sketch. 

(Possible 

Wales. 

fixed  stars. 

Slow  motion. 

,     (V 

error  2U1.) 

1 

d                ctt^ 
(frsn  Major 
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BRIGHT  METEORS  OBSERVED  IX  1871  AND  1H72. 


Length  of 
Path. 


Direction. 


Appearance;  Uemail.s,  &c. 


Observer, 


Fell  perpendicularly  to  the  ho-  Globular  nucleus.    Left  a  streak  Sir  W.  Herschel'i  MS, 
rizon.  v isible-10"  after  the  meteor  had     Journal. 

disappeared. 

Gave  a  very  bright  light.    Left  a  Id. 
luminous  streak  visible  for 
20"*  or  30-  to  the  eye,  and  for 
!    about  3lllinlhetelescopelindcr.| 
jCourse  parallel  to  «  and  yCygni' 'Id. 

Resembled  a  faint  sky-rocket.    A  [d. 
portion  of  the  train  in  the  por- 
tion shown  in  the  sketch  ie- 

!    maiiied  visible  for  3m  at  least. 

i 

i  ; 

20°  (Horizontal  from  cast  to  west 'Jcroni.  HcMv. 

| 

Long  course Seu>ial  other  meteors  were  '.c.'n  Id. 

nn  the  same  night,  hut  none  so  | 

conspicuuuily  Imlhant  a^  tins 
!     one. 

Directed  from  Andiomcda ,l)isappeaiod gradually;  left  aloii^T.  Crumiilen. 

I  I    In  oad,  blue  sticuk  for  i  or  5  NO.' 

|  ,     ronds.    A  clear  night ;  and  a 

i  !    few  lesser  meteors  v.ere  occa- 

|  j     sionally  \isible. 

I'<it!i  V.  The  .sky  w.ii  too  clon.ly  to  \eilfy  (J,  J.  Symonds.  i 

.    curved.  \  I    thcfcC  positions  by  the  stais.     |  j 

i  i  5  i  ! 

[Dropped  straight  do\\n Increased  in  si/e  gradual!),  •  |i(.  W.  Jackson.  j 

j  and  at  length  became  club-  f,  j  i 

shaped,  asin  the  sketch.  A  | 

preen  colour  nirjtt  brilliant.  \ 

35°  il'icicasedgiadually;bmst  intoMx  William  Marriott.  i 

i    or  seven  fragments,  the  last  two1  i 

!     of  \\hi<'h  ucio  of  a  fun*  ejimsop!  \ 
;    re.l  colour;  left  a  bright,  uvij 

[    end  mint;  stieak.  !  | 

25°  Directed  fiom  ju  I'rsai  Majoris  Nucleus  increased  as  it  advanced:  ul.  i 

|    and  at  last  burst  into  sc\n,il'  ! 
I     fr.i^monts,  sonic  of  \Uuch  wcic 

j  '    crinuou.  j 

20°  ' Left  a  all-lit; stieak \Y.  Biihop.  ! 

!  i 

About  10°  or1 At  first  a  faint  streak;  incrca«cdiT.  W.  Webb.  ' 

12°.  '    gradually,  and  disappeared  sud-  ! 

dcnly,  with  the  appearance  oil 
;    spaiks,    Left  no  conspicuous! 

streak, 

i 
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1871.:  h  m 

Nov.is!  9    5  p.m.  Newcastle-on- 
Tyne, 


Date. 


Hour. 


Place  of 
Observation, 


13,11  25  p.m. 


15 


Apparent  Size.         Colour. 


Much  brighter  than ,  White ; 
Venus.  other  colours.' 


HecKenharo,       I  Large 
Kent.  I 


Duration. 

Position. 

Apparent  path 

about  10°  S.  from 
West,  reaching  to 
the  horizon. 

.'Reddish 


Across   the   lower' 
|    part  of  Ursa  Ma-; 


545   p.m.  Regent's  Talk,    Brighter  than  the  Ruddy  colour. [Moved  slowly.,  «-     8-     \ 

London.         !    fixed  stars.         j  I  '  :From  210°+ 66'    ! 

I  '       to  1974-74     ! 


8  34  p.m. 


10 


West  Ilendon,    IBrightcr  than  Ve-| jShot    from  jUgo); 

Sunderland.    !    nus.  ! 


towards  v  Tauii, 
|  disappearing  a: 
few  degrees  be., 
fore  reaching  A 
Tauri. 

1044   p.nvRoyal    Observa-'Niighlcr  than  Jii-;\Hiitc  .'Uecomls Course    near    and, 

tory,  Greenwich,     pitcr.  I  parallel  to  OrionV- 

1  !  i  hclt-  ! 

'Dec.  C  8  11  p.m. 'Birmingham    ...  As  bright  as  Yenn^  l»lur I.1,  second    ...'         «=    8= 


i    at  its  maximum. 


8  15  p.mJBcnston,  near    iVeij  laige  |llnl . 


Nottingham. 


1Fromfl7°+.r)00 
i     to  76 +17        ' 

...'Shot  from  ]3  Auriga 
I  towards  «  Tauri,' 
|  disappearing  at  as 

point  in  It.  A,; 
|  5"  10'n,  N.  Dec!.1' 

31"  30'.  I 


1210  39  p.m.  Glasgow  As  blight  as  Jupitci  White  0-75  second. 


20  10  28  p.m. 


31  About  10  2i 
p.m. 


Nancy,  France... 


Tooting,  near 
London. 


Brighter  than  Jupi- 
ter. 


Green  .. 


; Fiom     Cassiopeia, 

|  through  Perseus, 
|  towards  the  Plei- 
ades, near  to 
i  which*star  it  dis- 
I  appeared. 

..;!  or  2  seconds  Shot  across  q  and 
;  !    TT  Orionis. 

I  l<  a=  t~ 

j  From  73°+ 13° 

I     to  69  +  4 
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Length  of 
Path. 


Direction, 


Appearance;  Remarks,  &c. 


Observer, 


i About  25° 


.[Obliquely    down 
I    sketch. 


as  in  this' Left  a  very  blight,  enduring  streak  II.  Page. 
;  on  a  part  of  the  latter  portion 
j  of  its  course.  [Seen  also  atj 
I  Yoik,  \vheic  it  appeared  not, 
'  to  be  diicetcd  from  Leo,  but 
from  a  radiant-point  distant' 
from  it  by  a  few  degrees.— E. 
Clark.]  "  i 


I  West  horizon. 

Shot  horizontally  from  east  toll-oft  a  long  train.    |  Seen  .also  at  The  '  Standard.' 
I     west,  j     Noiwood,  Kent,  moving  fiom, 

I  j     K.N.E.  toW.S.W.     In  a  watch 

of  two  hours  on  the  same  night 
meteors  appeared  to  be  un- 
usually scaice.— /*/.] 

JNuclens  appearing  to  rotate  in  itsT.  Ciumplen, 

i  flight,  leaving  some  streaks  and 
i  a  long  train  upon  its  course. 
j  Disappeared  gradually,  without 
i  explosion. 

As  bright  as  Venus  during  most  T.  \\ .  Backhouse. 

1     of  its  course,  growing  suddenh 
brighter  just  before  disappear- 
ance.   Left  a  short  streak  for 
2"  at  the  middle  of  its  course, 
1     atN.  Peel.  2P.  | 

Directed  fiom  «  Ceti 'Left  a  tine  streak.    End  of  the  \V.  C.  Nash.  ! 

1    meteor's  course  not  seen.  | 

From  radiant  K  (J  Meteor  increased  in  si/c,  and  col-  \\.  II.  Wood. 

lapsed  at  maximum  ;  leaving  a  < 

!     transient  ti am  on  its  course.     |  ) 

[From  radiant  M|  (m  K  G  5)]  Exploded  with  a   bright    flash.  E  J.Lowe: 'The Times,'] 
I    Left  some  luminous  icd  spark*     Dec.  8th. 

on  its  track,  and  a  blight  train  I 

!  of  red  points,  which  remained 
I  \ibible  for  ahont  three  minutes. 

Left  no  slioak'.     [At  Bristol  Mr.  R.  M'Clure. 

j  Wm.  F.  Denning  observed  a 
!  large  meteor  at  li1'  42m  pass  ; 

[     du\\  n\\ards   in   the  west.     No 
stars  were  there,  xisiblc  to  re- 
'    cord  its  path.]  ,  j 

At  disappcaraneethemoteorbnist,  P.  Ouyot:  <  Comptes 
with    a    bright    green    flash.,     Rendtis/ Jan.  15, 
(  fheiadiantsobscivedinFrance'     1H/2, 
during  this  month  appear  to 
confirm  very  closely  Dr.  Heir's 
previous  results. —M,  Fayc.]     j 


Short  course.. 


Almost  vertically  down . 


Increased  in  si/e,  and 
disappeared  \\ith  a 
slight  explosion.  The 
course  may  have  ex- 
tended onwards  a  few 
degrees  beyond  the 
stars  named. 


|U,  W.Jackson. 
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Bate. 

Hour, 

Place  of 
Observation. 

Apparent  Size. 

Colour. 

Duration. 

Position. 

1872. 

h  m 

an.  3 

8  13  4- 

{oval  Obscrva- 

—  Jupiter.  

Bluish  white  . 

More  than  1 

From  centre  of  Au- 

tory, Green- 

second. 

riga,  passed  half 

wich. 

way  between  f$ 

Tauri  and  i  Au- 

riga, across  Alde- 

baran,  and  about 

10°  beyond. 

8 

About      11 

First   appeared  in 

p.m. 

the    N.W.    and 

passed  across  the 

western  sky  about 

halfway  between 

the  horizon  and 

the  zenith. 

Feb.  19 

10  20  p.in, 

Brompton,  Lon- 
don. 

Brighter  than  Jupi- 
ter. 

.    ... 

Appeared  near  Rc- 
gulus,  and  passed 

across    a    point 

about  ^  of  the 

way  from  a  Hy- 

drie  to  Sirius. 

19 

10  21  p.m. 

Royal  Observa- 

Bright light    ii3  seconds  

From  a  point  nearly 

tory,  Green- 

blue. 

midway  between 

wich. 

Procyon  and  Si- 

lius  moved  neaily 

parallel  to  Procy- 

on and  u  Orionis. 

Mar.26 

7  55  p,m 

Bedford  

=  Jupiter  

Orange  

tttt  t  

From  J()/UrsfcMa- 

joris,  y  Boo'tis)  to 

very  near  /3  Ce- 

phei. 

April  1 

12    9  a.m 

Barnsbury.fSeen 

At  first  small,  then  Fiisfc      white,  'Not  more  than 

From  R.  A.  6h  40m,i 

also    at    Ray- 

large  and  bright. 

then      red,     1  second. 

N.  Decl.  33°,  to 

Lodge  Obser- 

then intense 

H.A.91',  N.Decl. 

vatory,  Maid" 

pin  pic. 

0°  (point  of  dis- 

enhead,byMr. 

appearance). 

Lassclland  Dr. 

Muggins.] 

1 

8  30  p.m 

Radcliffe  Obser- 
vatory,0xford. 

Three     times     as 
bright  as  Jupiter 

Green  

Appeared  at  an  alti- 
tude of  about  30° 

under  Cassiopeia, 

and  disappeared 

behind  tall 

houses. 

5 

7  37  p.m. 

Upton    Ilelions, 

As  bright  as  Jupitei 

White,  with  a 

About  5  sees.  . 

Descended  from 

* 

Crediton,  De- 

or Venus. 

tinge  of 

aboutl5°toabout 

von. 

green. 

5°abovetheN.\V, 

horizon. 

12 

10  45  p.m. 

Somerset  House, 

=  Jupiter 

White,    with 

'2i  sprnml* 

London. 

red  sparks. 

... 

i  asscd  between  p 
and  rLyncis  from 

the  direction  of  t 

(near  $)  Lconis, 

disappearing   0° 

or  8*  beyond 

those  stars. 
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Length  of 
Path. 


35° 


15° 


Direction. 


[From  Jan.  2nd  radiant-point 


Fell  vertically  . 


30° 


Appearance ;  Remarks,  &c. 


Left  a  fine  streak 


W.  C.  Nash. 


'  The  Surrey  Advertiser,' 


Observer. 


Its  whole  course  seen  through  II.  \V.  Jackson, 
thin  clouds,  which  partly  ob- 
scured ;  Jupiter  and  Regulus. 
The  point  of  disappearance  is 
perhaps  in  error  S3  or  63.  A 
very  bright  meteor. 

Left  a  streak.    Sky  hazy,  lunar  W.  C.  Nash, 
halo. 


Left  a  long,  persistent  streak  onjT.  E.  Elger:  'Astrono- 
its  course.  '    inical  Register,'  Mav 

i    1872. 


Presented  no  extraordinary  ap-  F.  W.  Levander :  Ibid, 
pearance  at  first,  but  increased 
in  size  and  brilliancy  to  disap- 
pearance, illuminating  all  that 
part  of  the  sky.  End  of  it1*! 
course  hidden  by  a  house.  Onlj  j 
two  other  small  meteor* 
(moving  from  the  same  radiant, 
point  towards  a  Tauri)  seen  be- 
tween llMOmandl3h, 


[On  the  previous  evening,  Marcl 
31st,  a  voiy  brilliant  meteor  was 
seen  at  Kay-Lodge  Ohscr\atory, 
Maidenhead,  by  Mr.  Lassell  and 
Dr.  Huggins,  which  lit  up  the 
\\hole  bky.J 

Seen  against  the  bright  back- 
ground of  the  sunset  aky,  while 
looking  for  the  planet  Mercury.1 


From  radiant  S4,  -,  near  S  Vir-] Nucleus  followed  by  a  short  tail  A.  S.  Ilcrschel, 
of  red  sparks,  which  remained 
visible  when  the  meteor  disap- 
peared.   Left  no  streak. 


Mr,  Keating. 


S.  J.  Johnson. 
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Date. 

Hour. 

Place  of 
Observation. 

Apparent  Size. 

Colour. 

Duration. 

Position. 

18/2. 

h  m  s 

Apr.19 

8  30  p.m. 

Greystoke,  Cum- 
berland. 

Large  apparent  disk 

Nucleuswhite, 
surrounded 

Slow  and  re- 
gular speed. 

Descended  in  the 
S.E.,  and  disap- 

with bluish 

peared  before 

light. 

reaching  the 

ground. 

19 

About  8  40 

York 

Brighter  than  Ve- 

About 4  sees., 

First  appeared 

p.m. 

nus. 

appearing  to 

slightly  above  the 

move  faster 

moon  ;  disap- 

at last. 

peared  behind 

some  houses  at  an 

altitude  of  about 

20°. 

19 

11    7  p.m. 

York 

I'  \\icc  as  bright  as 

Red  and  pur-  2^  seconds  ... 

«—       $  = 

Venus. 

pie.  At  last 

From  215°    +41° 

white   \\ith 

to  265-5  +30 

red  sparks. 

19 

11  7  30 

lawkhurst  

Brighter  than  1st- 

Yellow     

0'5  sec.  while 

<i»     fl» 

p.m. 

mag.  * 

in  sight. 

From  330°  +55° 

to  33!)  +45 

22 

10  13  p.m. 

lYisbeach    Cam- 

Brighter     than    a 

Yellow  

3  nr  A  sppnnrK 

M  •            l\  — 

bridgeshire. 

fiist-magnitude 

From  108°  +62° 

star. 

i                           to    22  +76 

i 

From  Ursa  Major 

to  Cassiopeia, 

30 

7  52  p.m. 

Radcliffe  Obser- 

Three  times    as 

Yellow     . 

Began  15°  or  20°  E., 

vatory,  Oxford. 

bright  as  Jupiter 

and  in  a  line  with 

the  pole.  Disap- 

peared at  an  alti- 

tude of  about  15° 

above  the  hori- 

zon. 

May  3 

9  25  p.m 

Gateshead,  Dur-  As  bright  as  Jupiter  White,  then 

5  sees.  ;  slov 

From  2°  north  of  v 

ham. 

orange-red. 

motion. 

Coma;  Berenicis 

to  5°  beyond  a 

1    point  1°  S.  of  r 

Virginis. 

28 

12    0  mid- 
night. 

Regent's  Park, 
London. 

Larger,    but    not|  Orange  colour 
brighter  than  Ye- 

Very  swift  ...jFrom  a  point  15° 
1    south  of  the  ze- 

nus. 

1    nith  to  7°  or  8° 

i 

below  Areturus. 

July  22 

Between 

Near  Chelms- 

Like  the  moon    ...IWhite,     with 

About  2  sees.  .  From  alt.  about  40° 

8  30  p.m 

ford,  Essex. 

other  colours 

S,W.toalt.about 

and 

iu  its  train. 

30°  W.N.W. 

« 

9h  p.m. 

(rough     estima- 

tion of  position 

more  than   half 

way  from  the  ho- 

rizon to  the  ze- 

nith). 

22 

8  55  p.m 

Dunmow,  Essex. 

Brilliant  

Front      globe 
white  ;   the 

Shot  across  the  sky, 
about  5°  to  N.  of 

rear       OIK 

Arcturus. 

bluish. 
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Length  of 
Path. 


Direction, 


Fell  vertically 


Appearance ;  Remarks,  &c. 


Observer. 


Descending  with  a 
slightly  eastward 
slope. 


10° 


Nucleus  globular,  surrounded  at  f.  Fawcett :  '  Nature/ 

last    by  flickering    radiations.     April  25th,  1872. 

Disappeared  without  explosion. 
1    Left  no  sparks  nor  luminous 
j    streak.    Sky  hazy,  with  a  lunar 
'    halo. 
[Increased  from  a  first-magnitude  Communicated  by 

star  to  beyond  the  brightness]    J.  E.  Clark. 

of  Venus.  Left  a  transient  train 


50° 


\bout  40" 


Estimated /From  172°  +10°   | 
path  ...{      to  188-5- 19'5.  j 
i  I 

Directed  like  the  last  meteor,  Disappeared  with  some  quicklyij.  E.  Clark. 

from  radiant  Ms  near  *  Ursa*     extinguished  sparks.  The  sparks! 

Majoris.  !    left  upon  its  course  appeared  to| 

|    follow  the  meteor.    Very  bnl-1 

|    liant  even  in  the  moon's  light,  j 

Fell  vertically Left    a   short   sparkling  streak, j  Miss  M.  R.  Herschel  and 

which  advanced  along  the  me-|    Miss  J.  Herschel. 
teor's    course,    and    appeared1 
more    conspicuous    than    the! 
head.    Last  5°  of  the  meteorV 
flight  only  seen.  1 

A  beautiful  meteor,  even  in  bright  S.  II.  Miller, 
moonlight.     The    streak    ap- 
peared   to  brighten   up  after, 
the  disappearance  of  the  nu- 
cleus. ! 


.'[From  radiant 
j    in  Ursa  Major.] 


./Mr.  Keating. 


Descended  at  an  angle  of  about ., 
45    towards  the  N.W.  lion-, 
/on. 


Fell  vertically  from  the  dircc-  \Vhito  in  the  first,  and  red  in  the  A,  S.  Herschel. 

tion  of  Ursa  Major.  last  half  of  its  course ;  hroke  at( 

last  into  two  or  thi  ee  red  sparks,1 

which  immediately  disappeared.1 

i    Left  no  streak.  | 

.Nucleus  kite-shaped  ;  disappeared  f.  Crumplen. 

gradually,  left  no  streak.    Seen; 

among  clouds  which  partially 

,     covered  the  sky.  j 

Descending  with  a  blight  slope. 'Pear-shaped,  leaving  some  sparks,  T.  Usborne. 
I    inils  course.  Disappeared  with-; 
j    out  bursting. 


1  >.E.  to  N.W The  meteor  displayed  two  globes  11.  E.  Cockayne, 

of  light,  and  appeared  to  burst 
at  a  great  elevation. 
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Date. 

Hour. 

Place  pf 
Observation. 

Apparent  Size. 

Colour. 

Duration. 

Position* 

1872, 

h  in 

July  22 

8  55  p.m. 

Bridgewater   ... 

«Sirius  

Orange-red  ... 

1*25  second... 

Prom  2°  above  AU 

tair    to    about 

5°  N.  of  east,  12° 

above  the  hori- 

zon. 

[Seen  also  at 

Large  

Bluish  

6  sees.;  slow 

About  halfway  up 

Chelmsford.] 

speed. 

in  the  sky. 

22 

About  9  pan. 

Cookham,  Berks, 
[Seen  also  at 

T.arn'A 

Intense  -white, 
afterwards 

Passed  within  20° 
of  the    zenith. 

Sittingbourne, 

dull  red, 

[Seen  also  in  the 

Kent.] 

east   at  Ponty- 

pool;  a  comet- 

like  star  with  a 

following  star,] 

22 

AboutOp.m. 

Street,  Somerset- 
shire. 

Large    and    very 
bright, 

Bright  bluish 
green. 

i  seconds,  or 
perhaps     a 

From  45°  above  the 
E.S.E.  horizon  to 

little  less. 

25°    above   the 

E.N.E.  horizon. 

Experiments  on  the  Surface-friction  experienced  by  a  Plane  moving 
through  water.    By  W.  FROUDE,  F.R.S. 

[A  communication  ordered  by  the  General  Committee  to  be  printed  in  cxtcmo.} 
(Platca  IL-VII.) 

THE  object  of  these  experiments  is  to  discover  the  conditions  of  the  resistance 
to  passage  through  the  water  caused  to  models  or  ships  hy  the  friction  of  the 
water  against  the  sides. 

This  has  been  investigated  by  towing,  with  the  dynamometric  apparatus, 
planes  formed  of  thin  boards ;  these  being  bodies  of  such  a  form  as  to  possess 
the  least  possible  displacement,  and  present  to  the  line  of  motion  the  least 
possible  sectional  area,  compared  to  the  amount  of  wetted  skin,  and  at  the 
same  time,  owing  to  their  flotation,  capable  of  being  made  stable  and  self- 
supporting  in  the  water,  though  entirely  submerged. 

The  dynaraometric  arrangement  is  a»  follows : — 

The  water  space  is  a  parallel-sided  tank  278  feet  long,  36  broad  at  the  top, 
and  10  feet  deep ;  but  for  the  stirface-friction  experiments  it  was  necessary 
to  lower  the  water-level  about  15  inches. 

The  tank  is  roofed  from  end  to  end,  and  a  light  railway,  carried  by  the 
framing  of  the  roof,  traverses  its  entire  length  at  about  20  inches  above  tho 
normal  water-level,  there  being  a  clear  space  between  the  rails,  tho  gauge 
of  which  is  independent  of  sleepers  or  transomes. 

A  stout  framed  truck,  suspended  from  the  axles  of  two  pairs  of  wheels,  runs 
on  the  railway,  and  is  moved  by  an  endless  wire  rope,  coiled  in  a  spiral 
groove  on  an  accurately  turned  barrel,  which  is  driven  by  a  small  double- 
cylinder  engine,  having  a  hteavy  and  highly  speeded  fly-wheel,  and  a  chro. 
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Length  of 
Path. 

Direction. 

Appearance  ;  Remarks,  &c. 

— 

20°  

Slope  about  35°  

Observed  the  disappearance  by 
turning  round  from  west,  seeing 
probably  only  the  "  spark  "  at 
the  end;   beginning  seen  by 
others  in  the  town,    ft  Pegasi 
only  just  visible  in  the  strong 
twilight. 
Left  no  streak  visible  in  the  bright 
twilight.    Disappeared  without 
bursting,  dying  out  to  a  red 
cinder,  which  went  on  some 
distance  on  the  same  course. 

Left  some  sparks  behind  it  at  last, 
and  some  on  it*  track,  but  no 
persistent  streak.  Disappeared 
like  the  ball  of  a  rocket,  one 
spark  proceeding  onwards  some 
way. 

R.  W.  Rogers. 

W,   S.  Clark,  H.  P. 
Bright    Clark,   and 
others. 

From  E.  to  W.—  II.  J.  Impey. 
(J.  E,  0.) 
From  a  little  \V.  of  S.  to  a  little 
E.  of  N. 

About  40° 
while  in 
sight. 

About  50°  .„ 

nometric  governor  of  very  exact  action,  and  of  such  arrangements  that  any 
required  steady  speed  between  100  and  1000  feet  per  minute  can  be  assigned 
by  it  to  the  truck. 

The  truck  carries  the  dynamomctric  apparatus.  A  skeleton  diagram  in 
Plato  II.  shows  this  in  full  detail,  with  the  special  fittings  by  which  it  was 
adapted  to  the  surface-friction  experiments ;  and  as  the  diagram  is  fully 
referenced,  the  apparatus  will  be  better  understood  by  inspection  than  by  a 
verbal  description  here.  Its  general  character  is,  however,  as  follows  ;•— 

The  plane  of  which  the  resistance  is  to  bo  tested  is  driven  through  the 
water  by  a  suitable  frictionless  attachment,  so  arranged  that  tho  horizontal 
force  driving  it  is  wholly  delivered  by  a  spiral  spring,  like  that  of  a  spring 
balance,  tho  fixed  end  of  which  is  held  by  a  strong  bracket  descending  from 
the  frame  of  the  truck.  Tho  extensions  of  this  spring  under  the  various 
forces  applied  form  in  each  case  a  measure  of  the  force.  The  extensions, 
brought  to  an  enlarged  scale  by  a  lengthened  index-arm,  are  self-recorded  by 
a  pen  which  follows  the  motions  of  the  arm,  and  traces  a  line  on  a  sheet  of 
paper  carried  by  a  cylinder  which  receives  its  motion  by  a  band  from  a  pulley 
on  the  hinder  axlo  of  the  truck,  so  that  the  circumferential  travel  of  the 
paper  represents  on  a  small  scalo  the  forward  motion  of  the  truck.  A  second 
pen,  actuated  by  clockwork,  marked  time  on  the  cylinder  as  it  revolved ;  so 
that  in  each  experiment  two  lines  were  marked  on  the  paper,  one  showing 
the  resistance  experienced  at  each  point  in  tho  run,  the  other  showing  the 
speed  at  which  each  portion  of  tho  run  was  performed. 

The  planes  were  about  f\  inch  thick,  of  various  lengths,  and  as  finished 
were  uniformly  19  inches  broad,  and  when  under  experiment  were  placed  on 
edge  in  the  water,  the  upper  edge  being  about  1^  inch  below  the  surface. 
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The  lower  edge  consisted  of  a  quasi  keel  of  lead  of  the  fame  thickness  as  the 
plane,  and  made  heavy  enough,  to  nearly  neutralize  ttie  flotation  of  the  light 
wood  of  which  the  planes  were  made.  But  though  thus  made  stable,  and 
approximately  neutralized  as  to  flotation,  the  plane  under  experiment  required 
control  to  keep  it  resolutely  vertical,  and  the  lino  of  its  length  correctly 
horizontal,  while,  nevertheless,  it  required  perfect  liberty  in  the  line  of  motion, 
in  order  that  the  whole  to  wing-strain  might  be  accurately  delivered  to  the 
dynamometer. 

Eor  this  purpose  a  light  but  stiffened  wooden  bar  (Plate  IT.  c  c)  was  hung 
longitudinally  beneath  the  dynamometer  truck,  just  clear  of  the  surface  of  the 
water.  To  this  the  planes  were  rigidly  attached.  This  bar  was  carried  at 
each  end  by  a  light  swing  or  rocking-framc  (E  E  and  E  E),  thus  forming  a 
parallel  motion  perfectly  free  longitudinally,  and  perfectly  unyielding  trans- 
versely. It  was  of  course  necessary  to  extend  one  of  the  swings  above  the 
point  of  suspension  to  carry  a  weight  adjusted  so  as  to  counterbalance  the 
weight  of  the  bar,  together  with  any  sinking  or  floating  force  that  the  plane 
might  exert ;  otherwise  the  frame  would  not  have  been  in  equilibrium  in  the 
line  of  motion  except  in  one  position,  and  in  any  other  position  would  have 
exerted  a  positive  or  negative  force  on  the  dynamometer. 

The  rigid  connexion  between  the  planes  (which  were  of  course  under 
water)  and  the  swinging  bar  or  parallel  motion  (which  was  above  water) 
consisted  of  a  kind  of  sheath  or  cutwater  (D  D),  which  received  the  forward 
edge  of  the  plane,  and  had  a  long  upper  end,  extending  out  of  the  water,  and 
fastened  to  an  upright  on  the  swinging  bar  with  three  strong  pins  or  bolts. 
The  plane  was  rebated  to  receive  the  sides  of  the  sheath,  so  that  the  outside 
surface  at  the  juncture  was  flush  as  far  as  possible. 

•  The  investigation  of  surface-friction  may  be  separated  into  three  primary 
divisions : — (1)  the  law  of  the  variation  of  resistance  with  the  velocity ;  (2) 
the  differences  in  resistance  due  to  differences  in  the  quality  of  surface ;  (3) 
the  differences  in  the  resistance  per  unit  of  surface  due  to  differences  in  the 
length  of  surface. 

The  necessity  of  investigating  the  latter  of  these  conditions  may  not  be  at 
once  apparent,  it  having  been  generally  held  that  surface-friction  varies 
directly  Avith  the  area  of  suiface,  and  will  be  the  same  for  a  given  area, 
whether  the  surface  be  long  and  narrow  or  short  and  broad.  It  has  always 
seemed  to  me  to  be  impossible  that  this  should  be  the  case,  because  the  por- 
tion of  surface  that  goes  first  in  the  line  of  motion,  in  experiencing  resistance 
from  the  water,  must  in  turn  communicate  to  the  water  motion  in  the  direc- 
tion in  which  it  is  itself  travelling ;  and  consequently  the  portion  of  surface 
which  succeeds  the  first  will  be  rubbing,  not  against  stationary  water,  but 
against  water  partially  moving  in  its  own  direction,  and  cannot  therefore 
experience  as  much  resistance  from  it.  If  this  reasoning  holds  good,  it  is 
certain  that  doubling,  for  instance,  the  length  of  a  surface,  though  it  doubles 
the  area,  would  not  double  the  resistance,  for  the  resistance  of  the  second 
half  would  not  be  as  great  as  that  of  the  first. 

In  order  to  reduce  the  results  obtained  to  the  most  serviceable  form  for 
determining  the  three  separate  conditions  of  resistance  enumerated  above, 
it  was  convenient  to  represent  them  graphically,  by  diagram,  in  two  methods ; 
in  both  methods  the  ordinatcs  represent  resistance,  while  the  abscissae  repre- 
sent in  the  one  case  velocities,  and  in  the  other  lengths  of  surface.  Plates  YL  and 
VII.  are  instances^of  the  two  kinds.  In  the  former,  if  the  friction  proved  to 
vary  as  the  square  of  the  velocity,  the  diagrams  would  be  ordinary  parabolic 
originating  at  the  zero-point  of  resistance  and  velocity ;  in  the  latter,  if  the 
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friction  per  unit  of  surface  were  uniform,  as  is  commonly  supposed,  through- 
out the  length  of  tho  surface,  and  consequently  the  total  resistance  of  a  piano 
of  given  width  varied  simply  as  the  length,  the  diagrams  .would  be  straight 
lines,  originating  at  tho  zero-point  of  both  horizontal  and  vertical  scale.  If, 
again,  these  lines  were  straight,  but  apparently  originated  at  a  point  above 
tho  zero,  this  would  indicate  that  there  was  a  constant  element  of  resistance 
throughout  (such  as  head-resistance  might  be),  in  addition  to  the  element 
varying  as  the  length.  If,  however,  the  lines  were  concave  towards  the  base, 
this  would  indicate  that  tho  friction  per  unit  of  surface  decreased  with  in- 
creasing length  of  surface. 

Since  each  plane,  when  once  mounted,  was,  for  convenience,  tried  through- 
out the  intended  series  of  velocities,  the  results  primarily  shaped  themselves 
in  the  first-mentioned  form.  Some  transcripts  of  the  results  as  originally  BO 
plotted  are  shown  on  Plate  IV,,  the  lines  on  which  represent  the  actual  resist- 
ances for  any  velocity  of  certain  planes  under  certain  differences  of  condition 
as  specified  m  the  margin  of  the  sheet.  The  cross  marks  upon  the  lines  show 
the  actual  spots  decided  by  the  individual  experiments  made,  and  from  which 
the  curves  drawn  were  deduced.  It  may  be  remarked  that,  with  the  excep- 
tions which  will  be  subsequently  noticed  (the  lines  marked  B'  u',  c'  c'),  there 
is  scarcely  any  difference  between  any  of  the  lines  in  respect  to  the  law  of 
variation  of  resistance  in  terms  of  velocity,  the  resistance  varying  throughout 
nearly  as  the  power  1*8  of  the  velocity. 

From  the  great  multiplicity  of  the  experiments  tried,  it  would  have  been 
confusing  to  show  even  a  tolerable  large  proportion  of  ihe  original  reductions. 
Those  given  are  selected,  partly  as  exhibiting  the  results  of  certain  slightly 
varied  conditions  which  will  be  presently  referred  to,  and  partly  as  fairly 
averaged  specimens  which  instructively  attest  the  accuracy  of  the  experiments. 
This  is  shown,  not  only  by  the  fairness  of  the  curves  passing  strictly  through 
all  the  spots,  but  also  by  the  consistency  of  the  contiguous  lines. 

The  results  which  had  been  thus  reduced  to  diagram  according  to  the  first 
of  tho  two  methods  supplied  the  data  for  constructing  a  general  diagram 
according  to  the  second  method,  as  shown  in  Plate  VII.  The  black  lines  on 
this  figure  express  the  finally  analyzed  and  complete  results,  for  one  quality 
of  surface  only,  up  to  a  length  of  50  feet,  that  being  the  greatest  length  that 
the  apparatus  can  command.  It  appeared  desirable  to  ascertain  the  effect  of 
length  of  surface  (at  any  rate  provisionally)  before  proceeding  to  try  various 
qualities  of  surface ;  and  the  process  by  which  these  results,  as  given  in  the 
diagram,  were  finally  arrived  at  requires  some  explanation. 

I  commenced  by  a  series  of  experiments  on  planes  of  various  lengths,  from 
one  foot  to  fifty  fcot,  having  all  a  similar  surface. 

The  results  of  this  first  series  of  experiments,  when  analyzed,  gave  lines 
similar  to  the  dotted  line  (a  a)  on  Plate  VII.  This,  it  will  be  seen,  is  con- 
cave .tovvards  the  base,  thus  indicating  that  the  friction  per  unit  of  surface 
does  actually  diminish  as  the  length  of  surface  increases.  At  the  same  time 
its  form,  as  it  approached  the  zero  of  speed,  seemed  to  show,  cither  that  this 
effect  was  very  much  more  marked  in  the  first  two  feet  of  surface,  or  that 
there  was  considerable  body-resistance  involved.  Moreover,  the  line  obtained, 
if  drawn  strictly  through  all  the  spots  determined  by  experiment,  did  not 
give  a  fair  curve. 

This  might  have  been  thought  to  be  owing  to  inaccuracy  in  the  apparatus, 
were  it  not  that  experiments,  when  repeated,  always  gave  identical  results, 
and  that,  as  has  been  already  mentioned,  tho  results  for  each  individual  plane 
were  perfectly  harmonious,  thus  indicating  that  the  discrepancy  in  question 
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arose  from  small  differences  between  the  individual  planes,  probably  differences 
in  the  thickness  or  nature  of  edge  at  their  ends,  diminishing  or  increasing  the 
body-resistance. 

Tho  initial  edge  of  the  planes  tried  was  formed  by  the  sheath  or  cutwater 
before  mentioned,  which  held  the  plane  in  its  place*;  and  this  was  tapered  in 
horizontal  section,  from  the  thickness  of  the  plane  to  about  -^  inch,  the 
extreme  edge  being  rounded,  as  shown  full  size  in  Plate  III.  (marked  A  A). 
At  the  tail  edge  there  was  no  sheath,  and  the  board  was  simply  cut  off  square, 
as  shown  in  the  same  figure.  Clearly,  if  there  was  any  great  body-resistance 
due  to  these  blunt  ends,  as  the  line  a  a  on  Plate  VII.  seemed  to  "imply,  then 
the  slight  differences  in  thickness  which  existed  between  the  different  planes 
might  be  sufficient  to  account  for  the  discrepancies  between  their  results. 
Accordingly  experiments  were  tried  with  certain  of  the  planes,  of  various 
lengths,  already  tried,  but  substituting  a  cutwater  having  a  very  thin  edge, 
tapering  to  the  thickness  of  the  plane  in  G  inches,  as  shown  in  horizontal 
section  011  Plate  III.  (marked  u).  This  alteration  produced  a  slight  diminu- 
tion in  tho  amount  of  the  resistance  of  all  tho  planes,  but  rather  a  greater 
reduction  in  the  short  planes  than  in  the  long  ones.  The  difference,  though 
almost  too  small  to  show,  is  indicated  by  the  line  a'  a',  Plate  VII.  Experiments 
were  then  tried  with  the  tail  edges  of  the  planes,  tapered  in  the  same  manner 
as  the  initial  edge  (o,  Plate  III).  This  was  tried  with  the  result  (indicated  by 
the  plain  line  A,  Plate  VII.)  of  a  very  much  larger  reduction  in  the  resistance  ; 
and  this  reduction  was  likewise  relatively  greater  in  the  shorter  lengths. 

In  order  still  more  correctly  to  obtain  a  value  by  which  the  results  of  all 
the  planes  already  tried  might  be  corrected  for  the  varying  thicknesses  of 
their  after  edges,  an  experiment  was  tried  with  one  of  the  thickest  planes 
(2  feet  0  inches  long)  by  reducing  the  thickness  of  its  square-edged  tail  to 
that  of  the  thinnest  of 'the  planes  (a  reduction  of  perhaps  -^  inch).  The 
results  of  this  are  shown  on  Plate  V.,  where  the  resistance  of  the  plane  with 
the  thick  after  edge  is  shown  by  tho  line  marked  A'",  and  the  resistance  of 
the  same  plane  with  tho  tail  thinned  by  the  line  marked  A",  and  that  with 
the  tail  tapered  to  a  perfectly  sharp  edge  by  the  line  A. 

It  is  worth  notice  on  this  point  that  the  difference  between  the  reduction 
of  resistance  found  throughout  these  experiments  on  sharpening  the  tail  edge, 
and  that  found  on  sharpening  the  initial  edge,  seems  to  be  entirely  owing  to 
the  difference  between  the  original  forms  of  the  blunt  cutwater  and  the  blunt 
tail  (the  former  being  partly  tapered  and  rounded,  while  the  latter  was  cut 
quite  square).  This  was  proved  by  trying  the  above-mentioned  2-feet  0-inch 
plane,  with  its  after  edge  sharpened  like  the  original  blunt  cutwater.  These 
results  are  shown  on  Plate  V.  by  the  dotted  lines  A'  A',  A  A,  from  which  it 
may  be  seen  that  tho  difference  between  the  rounded  edge  and  the  perfectly 
sharp  edge  is  comparatively  small. 

The  application  of  the  corrections  obtained  as  I  have  here  described  to  the 
results  of  the  experiments  previously  made  gave  diagrams  of  resistance  in 
terms  of  length  similar  to  tho  line  marked  a"  a",  Plate  VII.,  the  discrepancies 
between  the  planes  disappearing  when  thus  corrected.  But  these  experi- 
ments did  not  include  any  made  with  shorter  planes  than  1  foot  6  inches, 
that  being  the  shortest  length  that  could  bo  constructed  with  the  existing 
cutwater ;  and  in  order  to  make  it  complete,  it  was  most  desirable  to  extend 
the  lines  as  far  as  possible  towards  the  zero-point  of  length  and  of  resistance, 
by  trying  very  short  and  thin  planes,  so  as  to  test  the  nature  of  tho  curve 
close  to  the  origin,  and  discover  whether  any  body-resistance  remained  owing 
to  the  thickness  of  the  plane  hitherto  tried. 
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It  was  also  necessary  to  eliminate  certain  other  constant  resistances  known 
to  exist,  namely,  that  duo  to  the  air-resistance  on  the  swinging  bar,  that  due 
to  the  excess  of  surface  of  the  cutwater,  owing  to  its  projecting  up  through 
the  water  ahove  the  upper  edge  of  tho  planes,  and  that  due  to  the  projections 
and  irregularities  on  its  surface,  caused  by  the  fastenings  of  the  planes.  Of 
these,  tho  air-resistance  was  obtained  by  direct  experiment;  that  duo  to 
excess  of  surface  was  calculable  on  the  data  already  possessed ;  and  the 
resistance  due  to  the  projections  &c.  was  determined  by  trying  the  1-foot 
6-inch  plane,  with  its  surface  smoothed  up  with  parafftne  and  varnished  as 
before.  The  deduction  of  those  constants  brought  down  the  lino  to  tho  plain 
lines  shown  on  Plate  VII.* 

But  tho  first-mentioned  object,  that  of  deciding  the  friction  of  very  short 
lengths,  I  have  so  far  been  unablo  to  treat  quite  satisfactorily,  owing  to  the 
difficulty  of  guiding  very  thin  blades.  I  have,  however,  obtained  good 
results  with  a  12-inch  blade  and  a  0-inch  blade  (see  Plate  III.  D,  E)  sharp  on 
both  edges,  both  about  similar  in  longitudinal  section  to  tho  1-foot  6-inch 
plane ;  and  tho  experiments  with  these  gave  spots  through  which  the  curves 
on  Plate  VII.  were  drawn  for  the  first  1-foot  6- inch  length  of  surface. 

And  though,  in  the  absence  of  any  successful  experiment  with  blades  of 
different  thicknesses  but  the  same  length,  we  can  scarcely  regard  as  disproved 
the  existence  of  possible  body- resistance  due  to  the  thickness,  slight  as  it  was, 
of  the  planes  tried,  it  is  obvious  that  it  would  be  difficult  to  deduct  further 
from  the  diagram  of  resistance  any  considerable  constant  representing  this, 
without  making  the  friction  per  unit  of  surface  decrease  with  increasing 
length  loss  in  the  first  6  inches  than  it  would  bo  naturally  expected  to  do  ; 
in  other  words,  without  making  the  curvature  of  the  lines  on  Plate  VII.  less 
sharp  at  their  origin  than  would  be  expected,  seeing  that  in  the  rest  of  the 
diagram  the  curvature  becomes  rapidly  flatter  as  the  lengths  of  plane  become 
greater ;  but  indeed  the  thinness  of  the  planes  and  the  smallness  of  tho  re- 
duction of  resistance  which  followed  the  substitution  of  knifo-like  for  rounded 
edges  render  it  almost  impossible  to  credit  body-resistance  with  any  appre- 
ciable item  in  the  account.  It  is  also  most  desirable  to  extend  these  experi- 
ments to  greater  lengths  of  surface  than  I  have  been  able  to  try  with  this 
apparatus.  But  it  would  indeed  be  almost  impossible  to  do  so  in  the  experi- 
ment tank ;  and  I  shall  endeavour  to  organize  some  arrangement  by  which 
greater  lengths  may  be  successfully  tried  in  open  water, 

I  have  thus  far  confined  myself,  in  the  description  of  the  result,  to  the 
question  of  tho  effect  of  lengths  of  surface  upon  resistance.  I  have  now  to 
deal  with  the  question  of  quality  of  surface. 

The  different  surfaces  tested  may  be  enumerated  as  follows  :— 

Shellac  varnish. 
Hay's  composition. 
Peacock's  composition. 
Tallow. 
•    Glue. 

A  smooth  metal  surface  obtained  by  a  coating  of  tinfoil, 

The  comparison  between  the  first  three  named  was  made  with  planes  5  feet, 
16  feet,  and  50  feet  long,  which  were  each  coated  first  with  Hay's  and  sub- 
sequently with  Peacock's  composition,  all  the  planes  having  been  previously 

*  It  should  be  noticed,  however,  that  the  scale  of  resistance  shown  on  Plate  VII.  gives, 
not  the  actual  resistances  due  to  tho  planes  tried,  but  the  reduced  resistance  due  to  a 
surface  one  foot  iTddo  and  of  the  lengths  shown. 
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tried  as  coated  with  shellac  varnish.  The  comparison  between  the  shellac  and 
the  Hay's  composition  is  exhibited  in  Plate  IV,,  in  which  the  plain  lines 
marked  A,  c,  and  D  represent  the  result  with  the  shellac,  and  the  dotted  lines 
marked  A',  c',  and  D'  that  with  the  Hay's  composition.  These  two  results  I 
consider  practically  identical,  since  such  small  difference  as  is  observable 
might  possibly  arise  from  some  other  difference  in  the  condition  of  the  plane ; 
and  it  is  observable  that  with  the  5 -foot  plane  B,  D'  the  scarcely  perceptible 
difference  is  opposite  in  character  to  that  shown  by  A',  A  and  B',  B. 

The  results  with  Peacock's  composition  are  not  shown  in  Plate  Y,3  being 
practically  identical  with  the  other  two. 

The  tallow  surface  was  tried  on  the  16-foot  plane  only,  and  gave  no  diffe- 
rence, the  diagrams  falling  between  that  of  the  shellac  and  that  of  Hay's 
composition. 

The  glued  surface  was  tried  as  a  specimen  of  a  slimy,  fish-like  surface, 
•which  should  partly  wash  off  in  the  water.  The  glue  was  allowed  to  harden 
before  being  put  in  the  water ;  and  to  test  its  change  of  condition  consequent 
on  immersion,  three  experiments  were  tried  successively  at  the  same  velocity. 
The  resistance  was  thus  found  to  be  throughout  on  the  increase,  the  first 
experiment  being  about  two  per  cent.,  and  the  third  about  four  per  cent. 
greater  than  that  of  the  shellac  surface,  apparently  implying  that  the  resis- 
tance was  increased  by  the  softening  of  the  surface. 

<„  The  tinfoil  surface  is  the  only  surface  I  have  yet  tried  which  I  have 
found  to  have  a  resistance  greatly  different  from  that  of  varnish ;  and  here  it 
is  remarkable  that  the  difference  tends  to  be  much  less  in  the  greater  lengths 
of  surface.  It  is  consequently  most  unfortunate  that,  owing  to  the  delay  I 
experienced  in  getting  the  tinfoil  for  the  purpose,  it  became  impossible  to 
try  it  on  a  greater  length  than  the  16 -foot  plane  in  time  for  this  Report. 
The  comparison  of  the  tifrfoil  surface  with  that  of  the  varnish  was  made  on 
lengths  of  16  feet,  1  foot  6  inches,  and  1  foot.  The  results  with  the  16-foot 
plane  tinfoiled  are  shown  by  the  dotted  line  marked  c"  in  Plate  IV. ;  those 
with  the  1-foot  and  l-foot-6-inch  tinfoiled  are  shown  in  Plate  V.  by  the 
dotted  lines  marked  B'  and  c"  respectively.  For  comparison  with  these, 
Plate  V.  also  shows  the  results  of  the  same  lengths  varnished,  by  the  plain 
lines  marked  B  and  c  respectively. 

It  will  be  seen  by  these  diagrams  that  not  only  is  the  difference  of  resistance 
between  tinfoil  and  varnish  proportionately  less  in  greater  lengths  of  surface, 
but  is  also  proportionately  less  at  greater  speeds ;  consequently  the  law  of  the 
increase  of  resistance  in  terms  of  velocity  is  obviously  different  in  the  case  of 
the  tinfoil  from  what  it  is  in  the  case  of  the  varnish  and  the  other  surfaces 
which  were  tried. 


Report  on  the  Antagonism  between  the  Action  of  Active  Substances. 
By  THOMAS  R.  FRASER,  M.D.,  Secretary  to  the  Committee,  consisting 
of  Sir  R.  CHRISTISON,  Bart.,  Dr.  LAYCOCK,  and  Dr.  FRASER. 

THE  subject  of  the  antagonism  between  the  actions  of  active  substances 
has  engaged  considerable  attention  from  an  early  period  of  medical  history. 
Many  examples  of  its  occurrence  have  been  brought  forward,  which  may 
be  conveniently  classified  into  those  that  treat  of  the  antagonism  of  lethal 
actions,  and  those  that  treat  of  the  antagonism  o£  non-lethal  actions. 
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In  the  latter  class  there  are  several  well-authenticated  examples,  among 
which  may  be  instanced  the  antagonism  between  the  actions  on  the  iris 
and  minute  blood-vessels  of  opium  or  morphia  on  the  one  hand,  and  bella- 
donna, hyoscyamus,  and  stramonium  on  the  other ;  between  the  actions  on 
the  capillary  circulation  of  morphia  and  quinia;  between  the  actions  on 
the  vagi  nerves  of  physostigma  and  atropia,  hydrocyanic  acid  and  atropia, 
and  must-aria  and  atropia  ;  and  between  the  actions  on  the  iris  and  on  visual 
accommodation  of  physostigma  and  atropia. 

In  the  former  class  the  examples  are  likewise  numerous ;  but  a  careful 
examination  of  the  evidence  in  their  support  cannot  fail  to  lead  to  the  con- 
clusion that,  with  very  few  exceptions,  it  is  of  an  unsatisfactory  nature. 
In  the  majority  of  cases  where  an  active  substance  has  acquired  the 
reputation  of  counteracting  the  fatal  effect  of  some  other  substance  or 
substances,  this  reputation  has  mainly  been  founded  on  the  results  of 
clinical  experience.  In  such  experience  there  are  difficulties  in  dis- 
covering not  only  what  dose  of  poison  has  been  introduced  into  the  system, 
but  even  when  this  dose  has  been  ascertained  it  is  generally  impossible 
to  feel  assured  that  it  is  a  sufficient  one  to  produce  death ;  and,  further, 
the  effects  of  the  substance  introduced  as  a  physiological  antidote  can 
rarely  be  accurately  observed.  The  exigencies  of  treatment  demand  that 
every  likely  method  of  alleviating  the  symptoms  should  bo  applied ;  and 
among  these  it  is  difficult,  if  not  impossible,  to  discover  accurately  the 
effects  of  any  single  antidote.  It  is  not  therefore  to  be  wondered  at  that 
the  accumulated  clinical  observations  of  more  than  two  centuries  should 
have  failed  in  proving  that  opium  is  able  to  prevent  the  fatal  effect  of 
belladonna,  and  that  this  evidence  has  equally  failed  in  establishing  the 
existence  of  any  one  of  the  examples  of  lethal  antagonism  to  which  atten- 
tion has  more  recently  been  drawn. 

A  method  whereby  the  existence  of  a  lethal  antagonism  can  satisfactorily 
be  tested  is  by  experiment  on  the  lower  animals.  In  such  experiments 
the  most  important  of  the  causes  of  fallacy  that  have  been  alluded  to  can 
readily  be  avoided.  It  is  a  simple  matter  to  determine,  in  any  given  species 
of  animal,  the  minimum  dose  of  an  active  substance  that  can  produce 
death,  and  then  to  test  the  antidotal  influence  of  its  supposed  antagonist 
when  a  lethal  dose  of  the  poison  has  been  administered.  The  most  con- 
vincing proof  may  be  thus  obtained  of  an  antidotal  influence ;  and  trusting 
to  this  proof,  the  practitioner  may  with  confidence  employ  the  antidote  in 
cases  of  poisoning  in  man.  It  is  unnecessary  to  show  that  the  fallacies 
asserted  to  exist  in  such  experiments  have  been  greatly  exaggerated,  or 
that  the  supposed  differences  between  the  results  in  man  and  in  the  lower 
animals  do  not  possess  the  importance  that  has  been  claimed  for  them,  as 
fortunately  nothing  remains  to  bo  done  in  this  direction  since  the  convincing 
arguments  of  Claude  Bernard  have  been  advanced  and  generally  accepted. 

In  this  llcport  it  is  proposed  to  bring  before  the  Association  the  results  of 
an  investigation  in  which  the  influence  of  atropia  upon  the  lethal  action  of 
physostigma  was  examined,  by  experiments  on  the  lower  animals.  The 
nature  of  this  influence  may  bo  shown  by  a  brief  account  of  two  of  the  ex- 
periments that  were  made. 

A  rabbit  received  by  subcutaneous  injection  a  dose  of  extract  of  physo- 
stigma considerably  greater  than  the  minimum  lethal ;  and  one  minute  and  a 
half  afterwards  it  received,  also  by  subcutaneous  injection,  half  a  grain  of 
sulphate  of  atropia.  In  seven  minutes  after  the  injection  of  atropia  the 
pupils  measured  |$  x  -£$  of  an  inch,  the  size  immediately  before  the  ex- 
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periment  having  been  -J$  x  -$$  of  an  inch ;  the  rate  of  the  heart's  contractions 
was  considerably  accelerated  ;  fibrillary  twitches  were  occurring,  and  a  little 
restlessness  was  present.  Soon  afterwards  the  pupils  became  still  further 
dilated,  and  the  animal  had  some  difficulty  in  moving  about.  In  fifty- two 
minutes  the  pupils  measured  ^-J  x  -^  of  an  inch,  and  tho  difficulty  in  moving 
about  had  become  greater.  In  one  hour  and  ten  minutes,  however,  evidences 
of  recovery  were  manifested;  tho  animal  went  about  with  but  little  difficulty, 
and  frequently  a  perfectly  normal  sitting  posture  was  assumed.  Indeed  the 
only  symptom  of  an  abnormal  character  that  was  now  apparent  consisted 
of  frequently  occurring  and  well-marked  fibrillary  twitches.  From  this 
time  the  condition  of  the  animal  steadily  improved,  until  perfect  recovery 
occurred.  As  the  minimum  lethal  dose  of  this  preparation  of  physostigma, 
for  any  given  weight  of  rabbit,  had  been  determined  by  a  preliminary  series 
of  experiments,  it  was  known  that  tho  dose  given  in  this  experiment  was 
rather  more  than  twice  as  large  as  the  minimum  lethal.  Yet  the  fatal  effect 
of  this  large  dose  was  prevented  in  a  remarkable  manner  by  the  dose  of 
atropia  given  in  conjunction  with  it.  To  add  to  the  proof  that  was  thereby 
obtained,  of  an  antagonism  between  these  two  substances,  there  was  ad- 
ministered to  this  rabbit,  nine  days  afterwards,  a  dose  of  extract  of  physo- 
stigma, only  half  as  large  as  that  from  which  it  had  thus  recovered.  Symptoms 
of  poisoning  very  quickly  appeared,  and  death  occurred  in  about  fourteen 
minutes. 

In  the  second  experiment,  a  dog,  weighing  ten  pounds  and  three  ounces,  re- 
ceived by  subcutaneous  injection  three  fifths  of  a  grain  of  sulphate  of  physo- 
stigmia,  dissolved  in  a  few  drops  of  distilled  water.  I3efore  the  injection  the  rate 
per  ten  so  onds  of  the  cardiac  impulses  was  32,  and  that  of  the  respirations  4, 
and  the  size  of  the  pupils  was  ^  x  -ij*-  of  an  inch.  In  four  minutes  after  the 
administration  of  physostigma  slight  tremors  occurred,  and  fibrillary  twitches 
were  present.  In  five  minutes  a  .solution  containing  three  tenths  of  a  grain 
of  sulphate  of  atropia  was  injected  under  the  skiu.  In  two  minutes  there- 
after the  tremors  had  become  more  prominent  arid  strong,  the  limbs  were  iin- 
able  properly  to  support  the  body,  saliva  escaped  from  the  mouth,  and  the  eye- 
balls were  unnaturally  moist.  In  five  minutes  the  pupils  were  greatly 
dilated ;  but  now  the  secretions  of  the  salivary  and  lachrymal  glands  were 
diminished.  In  seven  minutes  the  clog  lay  quietly  on  the  abdomen  and  chest, 
but  in  thirteen  minutes  it  fell  over  on  tho  side.  This  general  condition  re- 
mained until  forty-eight  minutes,  when  the  symptoms  improved  ;  and  after 
some  efforts  the  dog  rose,  and  then  lay  down  in  a  normal  crouching  posture. 
Soon  afterwards  it  again  got  up  and  walked  about  the  room  with  only  a  little 
unsteadiness.  In  one  hour  and  fifty -five  minutes  tho  animal  seemed  to  bo 
perfectly  well. 

Nineteen  days  after  the  performance  of  this  experiment,  the  same  dog 
received  by  subcutaneous  injection  a  dose  of  sulphate  of  physostigmia  only 
one  half  as  large  as  that  from  which  it  had  recovered  when  atropia  was 
also  given,  and  the  result  was  that  death  was  produced  in  twenty-two  minutes. 

It  is  manifest  that  in  these  two  experiments  atropia  acted  as  a  physio- 
logical counteragent  to  the  toxic  action  of  physostigma.  In  other  195  ex- 
periments the  fatal  effect  of  undoubtedly  lethal  doses  of  physostigma  was 
likewise  prevented  by  atropia.  This  investigation  has  therefore  proved  that 
atropia  is  a  counteragent  to  the  lethal  action  of  physostigma. 

As  both  of  these  substances  possess  a  number  of  separate  actions,  it  was  not 
unreasonable  to  anticipate  that  several  of  them  are  not  mutually  antagonistic, 
and  therefore  that  combinations  of  certain  doses  of  the  two  substances  mov 
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be  administered  whereby  the  non-antagonized  actions  will  be  produced  iu 
stifficient  degrees  of  energy  to  bo  able  to  cause  death.  It  was  probable, 
therefore,  that  successful  antagonism  would  not  be  exerted  throughout  an  un- 
limited range  of  doses,  but  only  within  a  definite  range. 

In  order  to  define  the  limits  of  the  counteracting  influence  of  atropia  upon, 
the  lethal  action  of  physostigma,  three  series  of  experiments  were  made. 

It  was  found  necessary  to  make  all  the  experiments  of  these  three  series 
on  rabbits,  as  it  was  impossible  to  obtain  a  sufficient  number  of  any  other 
suitable  animal.  The  rabbits  used  were  generally  about  throe  pounds  in 
weight ;  but  when  they  were  lighter  or  heavier  than  three  pounds  a  correction 
was  made,  so  that  each  dose  represented  three  pounds  weight  of  animal. 

In  the  first  and  second  series  a  constant  interval  of  time  was  maintained 
between  the  administration  of  the  two  substances  ;  but  in  the  first  atropia 
was  administered  five  minutes  before  physostigma,  while  in  the  second  atropia 
wa£  administered  five  minutes  after  physostigma.  In  both  of  those  series 
experiments  were  made,  in  the  first  place,  with  the  minimum  lethal  dose  of 
physostigma,  and  in  combination  with  it  various  doses  of  atropia  were  given, 
ranging  from  one  that  was  too  small  to  prevent  death,  through  a  number  that 
were  able  to  do  so,  until  a  doso  was  found  whose  administration  resulted  iu 
death.  Similar  experiments  were  made  with  a  dase  of  physostigma  once  and 
a  half  as  large  us  the  minimum  lethal ;  then  with  one  twice  as  largo  as  tho 
minimum  lethal,  and  so  on,  at  the  same  rate  of  progression,  until  a  dose  was 
reached  that  was  too  largo  to  be  successfully  counteracted  by  any  dose  of 
atropia. 

The  results  obtained  by  the  JT?AS-Z  of  these  two  scries  of  experiments  were, 
that  with  the  minimum  lethal  dose  of  physostigma  0*00.3  gr.  of  sulphate  of 
atropia  is  too  small  a  dose  to  prevent  death,  but  that  0-01 5  gr.  is  sufficient 
to  do  so;  and  that  with  any  dose  ranging  from  O'Olftgr.  to  5-2  grs.,  t]io 
fatal  effect  of  this  dose  of  physostigma  may  be  prevented  ;  while  if  the  dose 
of  sulphate  of  atropia  be  *rtf  grs.  or  more,  the  region  of  successful  antagonism 
is  left,  and  death  occurs.  With  once  am/  a  half  the  minimum  lethal  dose 
of  physostigma,  successful  antagonism  was  produced  by  doses  of  sulphate 
of  atropia  ranging  from  0-02  to  4-]  grs.  ;  with  twice  the  minimum  lethal 
dose  of  physostigma,  with  doses  of  sulphate  of  atropia  ranging  from  0-021  to 
3-2  grs. ;  with  two  and  a  littlf  times  the-  minimum  lethal  dose  of  physostigma, 
with  doses  of  sulphate  of  atropia  ranging  from  0*025  to  2-2  grs. ;  with  thrice 
the  minimum  lethal  dose  of  physostigma,  with  doses  of  sulphate  of  atropia 
ranging  from  0*06  to  1*2  gr.  ;  and  with  thne  and  a  half  times  the  minimum 
Icthul  dose  of  physostigma,  with  doses  of  sulphate  of  atropia  ranging  from 
0-1  to  0*2  gr.  Successful  antagonism  could  not  be  obtained  above  this  dose, 
and  accordingly  three  and  a  half  times  the  minimum  lethal  dose  of  physo- 
stigma is  the  largest  quantity  whose  lethal  action  ean  bo  prevented  by 
atropia  administered  five  minutes  previously. 

The  results  obtained  by  the  second  series  of  experiments  (in  which  atropia 
was  administered  five-  minutes  after  physostigma)  were  essentially  tho  same  as 
those  obtained  by  tho  first  series,  excepting  that  the  region  of  successful 
antagonism  was  found  to  bo  a  more  limited  one.  In  both  series  the  general 
result  was  obtained,  that  the  range  of  doses  of  atropia  capable  of  preventing 
the  lethal  action  of  physostigma  diminishes  according  ns  the  dose  of  physo- 
stigma is  increased. 

In  the  third  series  of  experiments,  a  constant  dose  of  physostigma  (once 
and  a  half  the  minimum  lethal)  was  given  along  with  various  doses  of 
atropia ;  and  with  each  of  tho  doses  of  atropia  several  experiments  were 
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made,  which  differed  from  each  other  by  a  difference  in  the  interval  of  time 
between  the  administration  of  the  two  substances.  On  this  plan  two  sets  of 
experiments  were  made,  in  one  of  which  atropia  was  given  before  physo- 
stigma,  and  in  the  other  after  it ;  and  subsequently  these  two  sets  of  ex- 
periments were  connected  together  by  a  third,  in  which  atropia,  in  various 
idoses,  was  given  simultaneously  with  the  same  dose  of  physostigma  as  was 
given  in  the  two  other  sets  of  experiments.  The  general  result  of  this  series 
of  experiments  is  that  successful  antagonism  occurs  with  a  greater  range  of 
doses  of  atropia,  and  a  greater  range  of  intervals  of  time  between  the  two 
administrations,  when  atropia  is  given  before  physostigma  than  when  it  is 
given  after  it. 

An  eminent  authority  in  pharmacology  has  recently  published  the  state- 
ment that  the  only  method  whereby  the  injurious  action  of  a  poison,  absorbed 
into  the  blood,  can  bo  made  to  terminate  is  by  the  employment  of  such 
means  as  will  cause  or  hasten  the  elimination  of  the  poison.  This  statement, 
fortunately,  does  not  accurately  describe  our  remedial  resources.  The  exist- 
ence of  so  undoubted  an  example  of  physiological  antagonism  as  that  between 
atropia  and  physostigma  shows  that  the  toxic  influence  of  a  morbific  agent 
may  be  directly  opposed  by  a  physiological  antidote,  and  that  recovery  may 
be  produced  by  influencing  the  abnormal  conditions  themselves,  in  such  a 
manner  as  to  cause  their  return  to  a  normal  state. 


Fifth  Report  of  the  Committee,  consisting  ofSiv  W.  THOMSON,  F.R.S., 
Professor  EVERETT,  Sir  CHARLES  LYELL,  Bart.,  F.R.S.,  Professor 
J.  CLERK  MAXWELL,  F.R.S.,  Professor  PHILLIPS,  F.R.S.,  G.  J. 
SYMONS,  F.M.S.,  Professor  RAMSAY,  F.R.S.,  Professor  GEIKIE, 
F.R.S.,  JAMES  GLAISHER,  F.R.S.,  Rev.  Dr.  GRAHAM,  G.  MAW, 
F.G.S.,  W.  PENGELLY,  F.R.S.,  S.  J.  MACKIE,  F.G.S.,  Professor 
HULL,  F.R.S.,  and  Professor  ANSTED,  F.R.S.,  appointed  for  the 
purpose  of  investigating  the  Rate  of  Increase  of  Underground  Tem- 
perature downwards  in  various  localities  of  Dry  Land  and  under 
Water.  By  Professor  EVERETT,  Z>,C.L.,  Secretary. 

IN  December  last  intelligence  was  received  from  Prof.  Sismonda  that  the 
administration  of  the  railway  owning  the  Alpine  tunnel  had  given  per- 
mission to  Father  Secchi  to  carry  on  a  penes  of  observations  in  the  tunnel 
concerning  terrestrial  magnetism,  and  that  this  distinguished  observer  was 
willing  at  the  same  time  to  conduct  observations  of  temperature  in  accord- 
ance with  the  plans  of  your  Committee.  Two  maximum  and  two  minimum 
thermometers  were  accordingly  placed  in  Father  Secchi's  hands ;  but  it 
appears  that  the  arrangements  for  commencing  the  magnetic  observations 
are  not  yet  completed,  and  that  accordingly  no  observations  of  tempera- 
ture have  as  yet  been  taken. 

Prof.  LubimofF,  of  Moscow,  on  receiving  a  copy  of  last  year's  Report, 
wrote  to  the  Secretary,  correcting  a  mistake  in  the  description  of  the 
thermometer  used  in  taking  observations  in  the  Moscow  well.  The  ther- 
mometer was  enclosed  in  an  hermetically  sealed  case  containing  air,  and 
was  therefore  completely  protected  against  any  possible  effect  of  pressure. 
Prof.  Lubimoff  at  the  same  time  asked  to  be  furnished  with  a  thormomptor 
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of  the  new  pattern  described  in  the  Report  (the  upright  Negretti  pattern), 
and  one  of  these  instruments  was  accordingly  sent. 

Dr.  Wild,  of  the  Central  Observatory,  St.  Petersburg,  wrote  in  January, 
requesting  that  two  thermometers  for  observations  in  bores  might  be  ordered 
in  his  name.  At  this  time  the  Secretary  was  in  correspondence  with  Sir 
"Wm.  Thomson,  who  entertained  doubts  as  to  the  successful  working  of  the 
new  thermometer,  and  expressed  a  preference  for  the  Phillips  pattern 
(which  has  been  described  in  preceding  llcports)  and  the  Casella-Miller 
pattern  (a  modified  Six),  which  has  been  extensively  used  for  deep-sea 
temperatures.  Thermometers  of  these  two  patterns  were  accordingly  ordered 
and  despatched  to  Dr.  Wild. 

A  letter  was  received  from  Prof.  Henry,  of  the  Smithsonian  Institution, 
Washington,  in  April,  stating  that  the  Chief  Engineer  of  the  Hoosac  Tunnel 
had  promised  to  have  observations  of  temperature  taken  in  the  tunnel,  if 
thermometers  were  sent.  Its  total  length  will  be  4|  miles,  about  two 
thirds  of  wbich  has  been  penetrated,  by  working  from  both  ends  and  from 
a  central  shaft  1028  feet  deep.  The  mountain  has  two  ridges,  under 
which  the  tunnel  passes,  and  their  hcigbts  above  it  are  respectively  1720 
and'  1420  feet.  Four  thermometers  have  been  sent,  viz.  two  large  mini- 
mum Ilutherfords,  for  observations  in  the  tunnel,  and  two  upright  Xegrettis, 
for  observations  in  the  shaft. 

The  Council  of  the  School  of  Mines  at  Ballarat,  Australia,  have,  in  com- 
pliance with  a  request  addressed  to  one  of  their  number  by  our  observer, 
Mr.  David  Burns,  C.E.,  consented  to  take  charge  of  some  thermometers,  and  to 
furnish  observations  from  the  bores  and  shafts  in  that  important  gold-mining 
district.  Most  of  the  principal  mining  managers  arc  connected  with  the 
school.  Four  thermometers  have  accordingly  been  sent,  viz.  two  upright 
Negrettis  for  observations  in  bores,  and  two  simple  mercurial  thermometers, 
of  large  size,  for  observations  during  the  sinking  of  shafts. 

Some  exceedingly  deep  Artesian  borings  have  been  undertaken  in  Franco 
in  recent  years  :  and  the  President  of  the  Geological  Society,  Mr.  Prest- 
wich  (who  has  allowed  his  name  to  be  added  io  your  Commit  tee),  has  fur- 
nished your  Secretary  with  introductions  which  will  probably  lead  to  the 
obtaining  of  very  numerous  and  valuable  observations  from  those  wells. 

The  largest  of  them  all  is  one  which  is  now  sinking  for  the  municipality 
of  Paris,  at  La  Chapelle,  St.  Denis,  a  northern  suburb  of  Paris,  and  has 
already  obtained  a  depth  considerably  exceeding  that  of  the  Puits  de  Gre- 
nelle.  It  is  expected  that  its  final  dopth  will  be  about  2300  feet.  Appli- 
cation was  made  by  the  Secretary  to  the  eminent  firm  of  well-borers,  Messrs. 
Mauget,  Lipp~nann,  and  Co.,  who  are  sinking  the  well,  and  these  gentlemen 
at  once,  in  the  most  obliging  manner,  consented  to  take  observations  of  tem- 
perature in  it.  An  upright  Ncgretti  thermometer  was  accordingly  furnished  ; 
and  about  the  20th  of  June  your  Secretary  had  the  pleasure  of  receiving  from 
them  two  complete  sets  of  observations  taken  on  the  14th,  15th,  17th,  and 
18th  of  that  month  with  their  own  hands,  at  every  100th  metre  of  depth, 
and  also  at  the  bottom  of  the  well,  660  metres  deep. 

The  observations  are  given  in  the  subjoined  Table,  in  which  the  third 
column  shows  the  time  that  the  thermometer  was  allowed  to  remain  at  the 
depth  specified  before  hauling  up  and  reading.  The  temperature  at  which 
the  thermometer  was  set  before  letting  it  down  is  also  given  in  Messrs. 
Mauget  and  Lippmann's  report,  but  is  not  here  inserted. 
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First  series,  June  14,  15. 

Second  series,  June  17,  18. 

Depth,  in 
metres, 

Temperature, 
Fahrenheit. 

Time  down. 

Temperature, 
Fahrenheit. 

Time  down. 

o 

h       m 

o 

h      m 

100 

58-0 

0     35 

58-0 

3    25 

200 

61-1 

0     30 

61-0 

2       0 

300 

65-0 

0     30 

65-0 

2       0 

400 

69-0 

3     10 

00-0 

11     20 

*    500 

72-6 

0     30 

72-0 

2       0 

600 

75-8 

0     30 

75-4 

2       0 

660 

83-25 

15    45 

83-25 

2       0 

The  agreement  between  the  first  and  second  set  of  observations  is  remark- 
ably close ;  and  as  the  time  of  leaving  the  thermometer  in  the  water  was 
about  half  an  hour  in  most  of  the  observations  of  the  first  set,  and  two 
hours  or  more  in  all  the  observations  of  the  second  set,  it  is  obvious  that 
half  an  hour  is  a  sufficient  time  to  give  a  correct  observation.  This  conclu- 
sion is  satisfactory  both  as  regards  the  reliability  of  the  observations  them- 
selves, and  also  as  establishing  the  fact  that  this  pattern  of  thermometer  is 
not  unreasonably  slow  in  its  working.  The  exactness  of  the  agreement  also 
serves  to  show  that  the  thermometer  can  be  depended  on  to  the  tenth  of  a 
degree,  and  that  wo  may  henceforth  use  it  with  confidence. 

Before  proceeding  to  discuss  the  observations,  it  will  be  convenient  to  give 
a  few  particulars  respecting  the  well,  which  have  been  kindly  furnished  by 
Messrs.  Mauget  and  Lippraann, 

It  was  commenced  by  the  municipal  authorities  ns  a  masonry  well,  by  tho 
ordinary  method  of  digging,  until  it  had  reached  a  depth  of  34*5  metres. 
The  intention  was  to  carry  it  in  this  way  to  the  depth  of  about  135  metres, 
the  estimated  depth  of  the  tertiary  strata  covering  the  chalk ;  but  the  diffi- 
culties and  dangers  which  were  encountered,  from  the  want  of  tenacity  in 
the  soil  (la  nature  essentidJement  ebouleme  <Ies  terrains),  and  latterly  from 
the  insufficiency  of  the  pumps,  rendered  it  necessary  to  abandon  this  inten- 
tion ;  and  in  May  1865  the  task  of  completing  the  well  by  boring  was 
assigned  to  Messrs.  Degouse'e  and  Laurent,  the  predecessors  in  business  of  the 
gentlemen  to  whom  we  arc  indebted  for  these  observations.  A  small  trial 
bore  (0-2  metre  in  diameter)  was  commenced,  and  continued  till  January  18(50, 
by  which  time  the  machinery  for  the  heavier  work  was  ready.  In  order 
to  support  the  masonry,  which  showed  signs  of  giving  way,  it  was  tubed 
through  its  whole  length  with  a  tube  1-8  metro  in  diameter  and  0-02 
metre  thick,  cemented  externally.  From  the  bottom  of  this  tube,  at  tho 
depth  of  34*5  metres,  a  bore  1*7  metro  in  diameter  was  carried  to  the 
depth  of  68*7  metres  from  the  surface  of  the  ground.  A  second  tube 
1*58  metre  in  internal  diameter  was  inserted  to  the  depth  of  121-6  metres, 
and  a  third  tube  of  internal  diameter  1'39  metre  was  carried  down  into 
the  chalky  marls  and  the  upper  portion  of  the  chalk  at  the  depth  of 
139*15  metres  from  the  surface.  From  this  point  downwards,  the  bore 
has  been  driven  through  the  chalk,  and  tubing  has  been  unnecessary,  its 
diameter  at  the  depth  of  662  metres  being  still  1*35  metre. 

The  thickness  of  the  tertiary  strata  is  137  metres,  and  the  elevation  of 
the  surface  of  the  ground  above  sea-level  is  48  metres,  or  157  feet. 
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The  springs  which  were  met  with  in  the  tertiary  strata  correspond  to 
those  found  in  other  parts  of  the  basin  in  which  Paris  is  situated,  and 
have  not  sufficient  strength  to  spout  above  the  surface  of  the  ground  at 
this  elevation.  They  were  encountered  at  the  depths  of  10-2  metres, 
34-5  metres,  86  metres,  and  07  metres,  and  the  water  now  stands  in 
equilibrium  in  the  central  tube  at  10*5  metres  below  the  surface  of  tho 
ground. 

It  was  not  practicable  to  take  observations  of  temperature  during  the 
regular  progress  of  the  boring;  but  an  interruption  occurred  on  the  12th 
of  June,  and  tho  tool  was  not  at  work  from  this  date  till  after  both  sets 
of  observations  were  finished.  In  reference  to  this  point,  ^Fessrs.  Mauget 
and  Lippmann  say,  under  date  April  20,  "  To  obtain  the  natural  temperature, 
it  will  be  necessary  to  select  a  time  when  the  work  lias  been  interrupted  for 
several  days  ;  for  tho  boring  being  executed  by  tho  fall  of  a  heavy  tool  upon 
the  bottom  of  the  well,  the  percussion  dcvelopcs  a  considerable  amount  of 
heat,  as  we  perceive  by  the  mud  (les  loves")  which  we  extract,  and  which 
in  coming  to  the  surface  is  found  to  have  still  a  temperature  of  from  48° 
to  00°  C.  (US0  to  104°  F.)."  In  their  letter  of  June  10,  containing  the 
report  of  the  observations,  they  remark : — 

"  You  will  observe  that  though  the  water  at  the  bottom  of  the  well  is 
still  some  degrees  above  its  natural  temperature  owing-  to  the  action  of 
the  drill  (tripan},  the  Litter  has  not  been  in  operation  since  the  12th  of 
the  month.  At  a  convenient  time,  we  intend  to  observe  the  temperature 
of  the  mud  as  it  lies  at  the  bottom  of  the  well,  immediately  after  the 
withdrawal  of  the  drill,  when  the  latter  has  been  working  constantly,  a 
temperature  which  will  probably  be  found  to  depend  upon  the  hardness  of 
the  rock." 

The  following  Table  exhibits  the  successive  increments  of  temperature 
shown  in  the  second  series,  which  purports  to  be  the  more  accurate  : — 


Depth,  in  metres. 

Increase  in  deg. 
Fahrenheit, 

Metres  per  dog. 
Fahrenheit. 

Feet  per  deg.    j 
Fahrenheit. 

100  to  200 

3-00 

33-3 

109           ! 

200  to  300 

4-00 

25-0 

82 

300  to  400 

4-00 

25-0 

82 

400  to  500 

3-00 

27-8 

01 

500  to  000 

2-80 

35-7 

117 

600  to  000 

7-85 

7-0 

25 

The  last  two  columns  of  this  Table  show  that  the  rate  of  increase  is  about 
four  timcj  as  rapid  in  the  last  00  metres  as  in  the  rest  of  the  well,  a  circum- 
stance which  naturally  suggests  the  explanation  given  by  Messrs.  Mauget 
and  Lippmann.  There  are,  however,  some  difficulties  in  the  way  of  accepting 
this  view.  Comparing  the  two  sets  of  observations,  one  taken  on  the  second 
and  third  day  after  the  withdrawal  of  tho  tool,  and  the  other  on  the  fifth  and 
sixth  dny,  we  have  precisely  the  same  temperature  at  the  bottom  of  the  well 
on  both  occasions,  although  the  observations  were  sufficiently  precise  to 
detect  a  difference  of  a  tenth  of  a  degree  where  such  difference  existed.  It 
seems  difficult  to  believe  that  a  temperature  2|  degrees  above  tho  normal 
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temperature  could  have  remained  for  two  days  without  sensible  diminution. 
In  connexion  with  this  question,  the  apparent  cooling  to  the  extent  of 
0°*4  at  the  depth  of  COO  metres  between  the  first  and  second  observation 
demands  attention,  and  is  not  very  easily  explained. 

If  the  observed  temperature  at  060  metres  is  to  be  taken  as  the  normal 
temperature,  the  average  increase  from  100  metres  to  that  depth  is  at  the 
rate  of  1°  F.  in  22-2  metres,  or  in  72-8  feet.  If  the  observed  tempera- 
ture at  600  metres  in  the  second  series  is  adopted,  the  increase  from 
100  metres  to  that  depth  is  at  the  rate  of  1°  1\  in  28- 7  metres,  or  in 
84-3  feet. 

The  observations  proposed  by  Messrs.  Mauget  and  Lippmaun  in  the  para- 
graph above  quoted  will  bo  eminently  calculated  to  assist  in  showing  the 
correct  interpretation. 

Mr.  G.  A.  Lebour,  F.G.S.,  of  II.M.  Geological  Survey,  has  furnished  obser- 
vations taken  in  a  bore-hole  executed  at  the  bottom  of  South  Hetton  Colliery, 
Durham.  The  observations  were  taken  by  Mr.  J.  J3.  Atkinson,  a  student  at 
the  Newcastle  College  of  Physical  Science,  and  appear  to  have  been  carefully 
made.  Thanks  are  also  due  to  the  viewer  of  the  colliery,  Mr.  Matthews,  for 
granting  the  requisite  facilities. 

The  hole  is  2^  inches  in  diameter,  and  was  bored  out  of  the  pumping 
side  of  the  SouttfHetton  shaft,  in  order  that  the  bore-rods  might  be  the  more 
readily  altered.  The  depth  of  the  shaft  is  1006  feet,  that  of  the  bore-hole 
863  feet  from  the  bottom  of  the  shaft,  or  1921)  feet  from  the  surface  of 
the  ground.  The  section  of  the  boring  (not  including  the  shaft)  consists 
of  123  alternating  beds  of  shale  and  sandstone*,  with  occasional  thin  seams 
of  coal  and  some  fire-clays.  The  bottom  of  the  boring  has  reached  a  very 
coarse  white  grit,  which  is  supposed  to  be  the  topmost  bed  of  the  Millstone- 
grit  series. 

The  bore  was  dry  at  the  time  of  its  execution,  but  has  since  become 
filled  with  water,  probably  derived  from  the  shaft  above  it.  Streams,  in 
fact,  pour  down  the  shaft  and  play  about  the  hole. 

Two  thermometers,  one  of  them  an  unprotected  Phillips,  and  the  other  a 
protected  Negretti,  were  supplied  by  the  Secretary  to  Mr.  Lebour,  as  it  was 
not  certainly  known  at  that  time  whether  the  bore  was  dry  or  wet.  Mr. 
Lebour  indeed  believed  it  to  be  dry,  but  nevertheless  selected  the  Negrctti 
thermometer,  as  it  was  thought  that  the  Phillips  could  not  be  read  off  accu- 
rately with  the  poor  light  ^hich  in  the  position  of  this  bore-hole  was  alone 
available. 

The  following  Table  exhibits  the  results  of  all  the  observations  which 
have  been  taken  in  the  bore,  including  three  which  were  taken  in  1809, 
while  the  boring  was  going  on.  The  boring  was  stopped,  in  the  case  of  each 
of  these  three  observations,  only  about  20  minutes  before  the  observations 
were  made ;  and  the  heat  due  to  friction  appears  to  have  produced  abnormal 
elevation  of  temperature,  amounting  to  about  2°  at  the  depth  of  288  feet,  to 
about  6°  at  the  depth  of  582  feet,  and  to  considerably  more  than  this  at 
858  feet.  The  other  observations  in  the  Table  are  Mr.  Atkinson's,  taken 
with  the  Negretti  thermometer. 

*  A  complete  list  of  the  strata  lias  been  furnished,  and  will  be  preserved  by  the  Secre- 
tary, with  a  view  to  future  reference  if  required. 
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Depth  from  bottom 
oi*  sluvit,  in  feet. 

Depth  from  surface  of 
ground,  in  feet. 

Temperatures  ob- 
served during 
boring,  April  I860. 

Temperatures  ob- 
served April  1872. 

o 

o 

100 

1160 

6(5 

200 

1266 

68| 

288 

1354 

72 

300 

1366 

1  4 

70 

400 

1466 

72 

500 

1566 

74| 

582 

1648 

82 

GOO 

1666 

t 

761 

044 

3710 

75 

670 

1736 

t 

<"7£ 

858 

1924 

96 

The  temperature  75°  at  the  depth  of  644  feet,  a  temperature  lower  than 
cither  of  the  two  between  which  it  stands,  was  taken  on  the  first  day  of  Mr. 
Atkinson's  observations,  and  was  confirmed  by  repeated  trials  at  that  time. 
This  was  the  lowest  depth  that  eould  then  be  reached,  the  remainder  of  the 
boring  being  apparently  plugged  up  with  "  sludge."  A  spiko  was  subse- 
quently attached  to  the  thermometer  case,  which  enabled  it  to  pierce  deeper 
into  the  sludge  ;  but  the  lowest  depth  which  could  be  reached  (670  feet) 
is  still  far  from  the  bottom  of  the  bore. 

It  is  intended  to  take  a  fresh  series  of  observations  at  every  50th  foot  of 
depth,  and  especially  to  reexamine  the  temperatures  at  about  650  feet, 
where  the  reversal  of  temperature  was  observed. 

The  following  are  the  rates  of  increase  deduced  from  Mr.  Atkinson's 
observations,  omitting  the  temperature  75°  at  the  depth  of  644  feet: — - 


Depth,  in  feet. 

Increase  in  degrees. 
Fahrenheit. 

Feet  per  degree. 

100  to  200 

23- 

36 

200  to  300 

1] 

80 

300  to  400 

o 

50 

400  to  500 

2* 

40 

500  to  600 

if 

62 

600  to  670 

i 

70 

100  to  670 

"  i 

51-2 

The  average  increase  between  the  depths  of  100  and  670  feet  is  1°  in 
51*2  feet.  These  depths  are  reckoned  from  the  top  of  the  bore-hole,  which 
is  1066  feet  below  the  surface  of  the  ground.  Mr.  Lebour  assumes  that  the 
temperature  at  the  depth  of  60  feet  from  the  surface  of  the  ground  is 
48°.  Accepting  this  estimate,  we  have  a  difference  of  29J-°  in  1676  feet 
(1000  +  070  —  60=  1676),  which  is  at  the  rate  of  1°  in  57'5  feet. 

Mr.  David  Burns,  F.G.8.,  reports  that,  from  changes  in  the  management 
of  the  mines  and  other  causes,  it  has  not  been  possible  as  yet  to  carry  out 
the.  dry  observations  at  Allenheads  mentioned  in  last  year's  llenort. 

Only  one  other  shaft  has  been  met  with  at  all  suitable  for  observation, 
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It  is  called  Brandon  "Walls  shaft,  and  belongs  to  the  Rookhope  Yalley  Mining 
Company,  to  the  courtesy  of  whose  agent  wo  are  indebted  for  liberty  to  take 
observations.  This  shaft  is  some  0  miles  cast  of  those  reported  on  last 
year,  and  is  situated  in  the  very  bottom  of  liookhope  Yalley.  The  mouth 
is  covered  over  with  a  wooden  shed,  the  shaft  itself  is  free  from  all  obstruc- 
tion, and  the  water  in  it  has  not  been  disturbed  for  some  years.  The  shaft 
is  333  feet  deep,  and  is  full  of  water  to  within  25  feet  of  the  surface  of  the 
ground.  Observations  (by  Mr.  Burns  and  Mr.  Curry,  of  Bolkburn)  were 
taken  in  it  on  five  different  days  in  July  of  the  present  year  ;  but  though 
agreeing  well  with  one  another  from  day  to  day,  they  arc  so  irregular  that 
they  throw  little  light  on  the  rate  of  increase  of  underground  temperature. 
At  the  depths  of  83  and  133  feet  from  the  ground  the  temperature  was 
48°*5.  In  the  next  50  feet  there  was  an  increase  of  about  3°,  the  tempera- 
ture at  183  feet  being  about  51°-4,  and  from  this  depth  to  the  bottom  (an 
interval  of  150  feet)  the  temperature  was  nearly  constant.  The  best  deter- 
mination of  the  temperature  at  the  bottom  was  51°- 7. 

It  may  be  remarked  that  all  observations  in  shafts  thus  far  have  exhibited 
irregularities  of  this  kind.  The  water  in  vsucli  Inrgc  openings  seems  to  have 
its  temperature  governed  by  springs  and  other  extraneous  causes,  rather  than 
by  the  temperature  of  the  surrounding  soil. 

The  observations  at  every  50th  foot  of  depth  in  the  Kentish  Town  well,  as 
given  in  previous  Reports,  are  so  complete  that  it  has  not  been  thought 
necessary  to  continue  them.  A  very  delicate  thermometer,  reading  by  esti- 
mation to  the  jJj-^  of  a  degree,  has,  however,  been  procured,  for  taking  obser- 
vations from  year  to  year  at  one  constant  depth  (1000  feet).  It  was  con- 
structed ten  months  ago,  and  being  enclosed  in  a  partially  exhausted  glass 
tube,  will  probably  not  undergo  much  change  of  zero.  It  has  been  four  times 
tested  by  comparison  with  standards,  and  has  been  found  to  have  no  error 
amounting  to  nearly  so  much  as  0°-1.  In  consequence  of  Mr.  Symons's 
illness,  no  observation  has  yet  been  taken  with  it  in  the  well. 

A  Six's  thermometer,  which,  through  the  breaking  of  a  rope,  had  fallen 
into  the  mud  at  the  depth  of  1090  feet  from  the  surface  of  the  ground,  was 
extracted  by  Mr.  Symons  last  November,  more  than  a  year  after  its  fall.  It 
had  sustained  no  damage,  and  its  indication  when  hauled  up  was  W)°'4, 
nearly  agreeing  with  the  temperature  previously  observed  at  that  dopth. 

In  addition  to  the  large  number  of  thermometers  above  mentioned  as 
having  been  issued  during  the  past  year,  one  has  been  furnished  for  obser- 
vations which  are  to  be  made  in  the  projected  boring  through  the  Weald  en 
and  underlying  strata.  With  the  exception  of  Mr.  Symons's  observations  at 
Kentish  Town  (London,  JST.),  we  have  as  yet  no  observations  of  temperature 
from  the  southern  parts  of  England. 


Preliminary  Report  of  the  Committee  on  Siemens*  s  Electrical-Resistance 
Pyrometer,  consisting  of  Professor  A.  W.  WILLIAMSOV,  F.R.S.,  Sir 
W.  THOMSON,  D.C.L.,  F.R.S.,  and  Professor  J.  CLERK  MAXWELL. 
LL.D.,  F.R.S. 

THE  experiments  of  the  Committee  have  hitherto  been  confined  to  testing  the 
electrical  permanence  of  the  coil  of  wire  used  in  the  pyrometer.  For  this 
purpose  the  resistance  of  the  coil  has  been  repeatedly  taken  at  known 
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temperatures,  and  also  at  a  red  heat,  at  which  latter  temperature  the  resist- 
ance was  about  three  and  a  half  times  as  great  as  at  atmospheric  tem- 
peratures. After  being  heated,  it  was  found  that  the  resistance  of  the 
pyrometer  was  slightly  greater  at  a  low  temperature  than  it  had  been  at  the 
same  temperature  previously;  but  the  permanent  change  which  thus  took 
place  became  smaller  and  smaller  after  successive  heatings,  so  that  the 
instrument  may  be  expected  to  reach  a  condition  in  which  no  further  im- 
portant alteration  will  bo  produced  in  it  by  exposure  to  a  red  heat. 

The  Committee  arc,  however,  informed  by  Mr.  Siemens  that  he  believes 
that  the  small  amount  of  variation  to  which  the  pyrometer,  as  hitherto  con- 
structed, was  thus  found  to  be  subject,  may  be  considerably  lessened,  or 
altogether  prevented,  by  an.  easy  alteration  in  the  mode  of  enclosing  the  coil. 
Under  the.se  circumstances  it  is  considered  desirable  to  postpone  further  trials 
until  the  more  perfect  form  of  the  instrument  can  bo  experimented  with  ;  the 
Committee,  therefore,  suggest  that  they  should  be  reappointed,  and  that  the 
grant  of  .£'SO,  made  at  the  last  Meeting,  none  of  which  has  been  expended, 
should  oe  renewed. 


Fourth  Report  of  the  Committee  on  the  Treatment  and  Utilization  of 
Sewayt,  consist} ny  of  RICHARD  B.  (THANTHAM,  C.jE.,F,G.S.  (Chair- 
man), Professor  W.  11.  COKFIKLD,  M.A.,  M.D.,  *  J.  BAILEY  DEXTOX, 
C.E.,  F.G.S.,  Dr.  J.  II.  GILBERT,  F.R.8.,  *JOHN  THORXHILL  HAR- 
RISON, C.E.,  \V.  HOPE,  V.C.,  *Licut.-Col.  LEACH,  R.E.,  Dr.  A. 
VORLCKEK,  F.R.S.,  mid  Professor  A.  W.  WILLIAMSON,  F.R.S. 

IsMi.  -  Tlu»e  member:}  whose  nnmc*  have  an  asterisk  prefixed  have  not  attended  any 
meeting  of  the  Committee  during  the  year. 

THE  Committee,  since  its  reappointmeiit  at  the  last  Meeting  of  the  Associa- 
tion at  Edinburgh,  has  pursued  the  inquiry  intrusted  to  it,  and,  as  heretofore, 
its  investigations  have  been  limited  to  such  matters  as  have  afforded  the 
promise  of  practical  utility.  Among  the  various  methods  of  treatment  or 
utilization  of  sewage  brought  to  the  notice  of  the  Committee,  that  of  treating 
sewage  by  ^Lcssrs.  XVeare's  process  at  Stoke  Union  Workhouse,  the  precipi- 
tation and  conversion  of  the  deposited  matters  into  cement  at  Ealing,  and 
the  system  of  intermittent  downward  iilt ration  at  Merthyr  Tydfil  have 
appeared  most  important ;  and  they  have  accordingly  been  investigated,  the 
results  appearing  in  Sections  I.,  I L,  &  VI.  of  this  lioport.  A  process  known 
as  Whitthrcad's  patent  has  been  also  examined  by  experiment  on  a  suffi- 
ciently large  scale,  and  the  result  is  given  in  Section  III. 

The  Committee  having  reported  upon  the  sewage-farms  at  Tunbridge  AVells 
and  Earlswood  at  the  last  Meeting  of  the  Association,  it  was  thought 
advisable  to  inspect  them  again,  as  the  works  were  incomplete  when  the 
Committee  last  visited  them. 

The  observations  at  Breton's  Farm  have  been  proceeded  with  uninter- 
ruptedly, and  are  described  in  Section  VII.  of  this  Export.  It  is  only  neces- 
sary to  add  here  that  these  investigations  have  now  extended  over  a  period 
of  more  than  two  years ;  and  the  experience  thus  gained  from  tho  coitiinwtu* 
records  of  the  flow,  and  sampling  for  analysis,  of  the  sewage  and  effluent  water, 
of  the  application  of  the  sewage  to  the  various  crops,  of  the  results  of  such 
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application  upon  the  produce  grown,  and  the  degree  of  purification  effected 
n  the  sewage,  will,  it  is  hoped,  prove  valuable  to  sewer  authorities  and 
others  interested  in  the  question  of  sewage-farming.  Being  fully  impressed 
with  the  importance  of  these  investigations,  the  Committee  has  paid  special 
attention  to  render  them  as  complete  as  possible ;  but  it  is  felt  that  to  perfect 
them,  especially  as  regards  the  important  branch  relating  to  the  effect  of 
the  application  of  the  sewage  upon  the  crops  grown,  it  will  be  necessary  to 
continue  them  for,  at  least,  some  months  longer.  This  cannot,  however,  bo 
done  unless  further  funds  are  placed  at  the  disposal  of  the  Committee.  The 
large  number  of  analyses  already  made  for  the  Committee,  together  with  the 
great  expense  of  an  assistant  constantly  at  Breton's  Farm,  and  the  various 
other  investigations  undertaken,  have  now  nearly  exhausted  the  Special 
Fund  contributed  by  the  towns.  In  requesting  its  reappointment,  the  Com- 
mittee begs  to  submit  to  the  Council  of  the  Association  the  desirability  of  placing 
it  in  a  position  to  complete  the  long  and  anxious  inquiry  intrusted  to  it. 

SECTION  I. — Deodorized  Ion  of  Bewaye  and  precipitation  of  Solid  Matters,  as 
carried  on  under  the  Patent  of  Messrs.  Weare  and  Co.  at  Stoke  Union 
Workhouse. 

The  attention  of  the  Committee  was  specially  directed  to  this  process  by  the 
authorities  of  towns  where  the  process  had  been  discussed  as  a  possible 
means  of  dealing  satisfactorily  with  sewage ;  and  although  only  in  operation 
on  a  small  scale,  the  Committee  felt  it  desirable  to  investigate  the  results,  such 
as  they  were,  and  accordingly  an  inspector  was  sent  in  September  1871  to 
the  Workhouse  at  Stoke-upon-Trent.  Every  facility  was  afforded  by  tho 
manager  for  the  examination  of  the  process,  which  was  fairly  conducted,  and 
the  Governor  of  tho  Union  kindjy  gave  the  requisite  particulars  of  tho 
administration  of  the  establishment. 

The  workhouse  contains  on  an  average  750  persons  of  all  ages,  whose 
diet  comprises  meat  and  vegetables,  puddings,  rice,  and  soup,  each  on  certain 
days  of  the  week.  The  supply  of  water  fit  for  drinking  and  culinary  pur- 
poses is  very  small,  and  is  obtained  principally  from  a  well  pumped  by  a 
steam-engine,  and  that  for  washing  and  scouring  is  taken  from  a  pond, 
which  is  chiefly  supplied  by  rain-water  from  roofs.  Every  department  of  the 
establishment  is  provided  with  water-closets,  on  the  trough  system,  and  they 
are  emptied  every  24  hours,  and  closely  attended  to  in  order  to  prevent 
interference  by  the  inmates. 

The  process  of  purification  of  the  sewage  is  protected  by  a  patent.  It  con- 
sists, in  the  first  instance,  of  simple  filtration  through  coarse  ashes  and  char- 
coal, performed  in  a  large  tank  called  the  Faecal  Tank,  which  is  divided  into 
two  compartments,  so  that  one  may  be  at  work  while  the  other  is  being 
cleared.  These  compartments  are  again  subdivided  into  two  chambers,  one 
large  and  one  small.  The  raw  sewage  is  brought  to  a  small  receiver  and 
from  it  turned,  by  means  of  sluices,  into  either  compartment.  The  samples 
of  sewage  taken  by  the  Committee's  inspector  were  obtained  from  this 
receiver;  the  flow  was  ascertained  to  bo  about  £000  gallons  in  the  24 
hours,  being  much  below  the  capacity  of  the  filters,  which  were  constructed 
for  20,000  gallons  per  day.  From  the  large  chambers  of  the  focal  tank  the 
sewage  is  passed  through  wooden  screens,  containing  2  feet  of  charcoal,  into 
the  small  chambers,  which  contain  about  5  feet  6  inches  of  rough  charcoal, 
through  which  the  sewage  passes  to  a  smaller  tank  or  well,  thus  completing 
the  first  stage  of  filtration.  The  suspended  mutters  are  partly  arrested  by 
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the  wooden  and  charcoal  screens  between  the  large  and  small  chambers,  and 
a  further  deposit  takes  place  in  the  small  chamber,  which  is  cleared  once  in 
six  months  ;  but  at  the  time  of  the  Committee's  inspection  it  had  not  been 
cleared  for  nine  months,  owing  to  the  constant  visits  of  persons  anxious  to 
inspect  the  process.  Samples  of  the  sewage  at  this  stage  of  the  process  were 
duly  taken.  From  the  tank  or  well  before  described,  the  sewage  (after  again 
passing  through  a  perforated  screen  containing  (5  inches  of  rough  charcoal) 
is  conveyed  by  a  12-inch  pipe  to  the  "  Deodorizers/'  which  arc,  in  this  case, 
nt  some  distance  from  the  ficcal  tank. 

The  "  Deodorizers  "  arc  three  in  number, — the  first  and  largest  having  a 
surface  area  of  nearly  200  square  feet,  and  containing  5  feet  6  inches  depth 
of  rough  charcoal ;  the  second,  with  an  area  of  about  70  square  feet,  contains 
2  feet  6  inches  of  charcoal  of  smaller  size ;  the  last  is  a  small  box  containing 
4  feet  of  fine  charcoal,  which  is  in  this  instance  supplemented  by  layers  of 
flannel  a  rid.  filter- cloth.  It  was  stated,  however,  that  cloth  is  not  a  neces- 
sary addition  if  the  tanks  are  specially  constructed,  in  which  case  the  last 
deodoriser  is  arranged  for  upward  filtration.  This  completes  the  process,  tho 
effluent  water  being  discharged  into  a  small  well,  from  which  the  samples 
were  taken  for  analysis. 

The  charcoal  used  at  the  time  of  the  Committee's  inspection  was  wood- 
charcoal  ;  but  it  was  stated  that  it  Was  proposed  to  use  peat-charcoal.  The 
practice  is  to  remove  the  "spent"  charcoal  from  the  last  deodorizer  to  the 
second  one,  from  the  second  to  the  first,  and  from  the  first  deodorizer  to  the 
faecal  tank.  Samples  were  taken  of  charcoal  from  each  deodorizer  after  various* 
periods  of  service,  and  analyses  of  them  and  of  unused  charcoal  arc  appended. 

The  flow  of  effluent  water  for  the  period  of  twenty-four  hours,  during 
which  continuous  gaugings  were  taken,  amounted  to  about  2000  gallons 
only,  as  against  5000  gallons  of  sewage  received  into  the  liccal  tank  during 
the  same  period.  Tho  deposit  removed  from  the  tanks  with  the  refuse  of 
the  establishment  is  utilized  upon  the  farm  belonging  to  the  Union,  which  is 
cultivated  entirely  by  the  inmates. 

The  following  are  the  results  of  the  analyses  of  the  different  samples  of 
sewage,  effluent  water,  and  charcoal: — 

Slokc-npon-Trent  Union  Workhouse  Sewage,  Messrs.  Weare's  Process, 
Samples  taken  September  187L 

JS'.B,—  Samples  taken  every  two  hours  during  tho  day,  in  the  proportion  of  7^0"  °*  tno 
flow  per  minute,     Results  given  iu  parts  per  100,(KH). 
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Analyses  of  Samples  of  Charcoal  from  Stoke  Union  Workhouse. 


In  100  parts. 

Water  &c  dried 
at  100°  C. 

Ammonia. 

24-20 
50-12 
55-01 
54  12 

0-0014 
0-0018 
0-045 
0-082 

Charcoal  after  fivo  weeks'  use  in  No.  3  deodorizing 
tank,  to  be  applied  to  No.  2  

Charcoal  after  two  months'  use  in  No.  2  deodorizing 
tank,  to  be  applied  to  No.  1  

Charcoal  after  five  months'  use  in  No.  1,  to  be  applied 
to  fiscal  tank  ...  

With  regard  to  the  analyses,  the  Committee  would  observe,  in  the  first 
place,  that  the  sewage  treated  was  excessively  strong,  containing  no  less 
than  38-45  parts  of  nitrogen  (in  solution  and  suspension)  in  100,000  parts  of 
sewage ;  this  is  accounted  for  by  the  very  scanty  water-supply,  from  which 
it  results  that  the  amount  of  "sewage  is  only  (Yj  gallons  per  head  in  the 
twenty-four  hours. 

The  general  result  of  the  process  is  that  the  suspended  matters  are 
removed  and  the  ammonia  and  organic  nitrogen  much  reduced  in  quantity; 
no  oxidation  takes  place,  as  no  nitrates  were  found  in  the  effluent  water, 
which  was  to  all  intents  and  purposes  a  dilute  sewage  and  "  had  a  strong 
smell  of  sewage." 

It  is  remarkable  that  the  chlorine  is  reduced  to  just  about  half  its  original 
amount;  and  it  is  still  more  remarkable  that  this  should  take  place  almost 
entirely  in  the  first  or  faecal  tank :  this  reduction  would  seem  to  imply  that 
a  very  considerable  dilution  must  in  some  way  take  place ;  and  notwith- 
standing this  we  find  that  there  were  only  2000  gallons  of  effluent  water  to 
50  OQ  gallons  of  sewage  in  the  twenty-four  hours,  indicating  an  unexplained 
escape  of  three  fifths  of  the  total  amount,  even  supposing  that  there  was 
no  dilution. 

The  amount  of  water  absorbed  by  the  charcoal,  although,  as  indicated  by 
the  analyses,  considerable,  does  not  of  course  in  any  appreciable  degree 
account  for  such  a  loss; 


SECTION  II. — DeoJorisatton  of  Sewage  and  precipitation  of  Solid  Matter,  and 
conversion  of  Solids  into  Cement,  at  Ealuiy. 

The  district:  of  the  Local  Board  of  Health  of  Enling  contains  1 222  acres, 
and  is  situated  near  the  river  Thames,  into  which  it  drains,  the  sewer  out- 
let being  into  a  small  watercourse  about  a  mile  from  that  river.  The  Board 
has  executed  a  complete  system  of  sewerage,  a»d  water-closets  arc  general 
in  the  district.  The  population  is  about  8000,  and  the  ordinary  or  dry- 
weather  quantity  of  sewage  discharged  400,000  gallons  daily.  The  first 
system  for  the  deodorization  of  the  sewage  was  that  proposed  by  the  Sur- 
veyor to  the  Board  (Mr.  Jones),  and  consisted  in  bringing  the  sewage  to  two 
ingeniously  constructed  depositing-tanks,  where  it  subsided,  and  the  super- 
natant water  was  then  passed  upwards  through  7  feet  of  filtering  media,  tho 
solid  deposit  being  mixed  with  ashes,  dust,  &c.,  and  sold  for  manure. 

In  1868  and  1869  tho  Rivera  Pollution  •  Commissioners  made  an  exami- 
of  this  process;  and  they  yery  carefully  inquired  into  the  various 
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operations,  and  especially  as  to  the  construction,  size,  and  action  of  the 
tanks.  They  had  analyses  made  of  the  sewage  and  effluent  water,  and  com- 
pared the  quantity  of  the  sewage  with  the  capacity  of  the  filtering  media, 
and  in  all  respects  fully  investigated  the  matter ;  and  they  came  to  the  con- 
clusion, which  the  analyses  proved,  that  the  process  did  not  fulfil  the  condi- 
tions of  purifying  sewage,  so  as  to  render  it  fit  to  be  discharged  into  running 
streams.  They  particularly  remarked  upon  the  amount  of  filtering  media 
not  being  of  sufficient  hulk  for  the  purpose. 

The  following  are  the  results  of  the  analyses  as  contained  in  the  Report  of 
the  Bivers  Pollution  Commissioners : — 

Treatment  of  Ealing  sewage  by  upward  filtration. 

Results  of  analyses  expressed  in  parts  per  100,000,  and  including  both  suspended  and 

dissolved  mat  tern, 
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Since  this  inquiry  a  series  of  experiments  has  been  conducted  by  Genera 
Scott  with  the  sewage  of  the  same  place,  which  the  Committee  hns  consi- 
dered of  sufficient  promise  to  justify  an  inquiry  into  the  results  as  far  as  they 
have  hitherto  gone. 

The  principle  of  General  Scott's  process  is  to  arrest  the  flow  of  the  sewage 
by  tanks,  the  suppcndcd  matters  being  precipitated  by  means  of  lime  and 
clay,  which  are  added  to  the  sewage  in  the  sewer  previous  to  its  arrival  at 
the  tanks,  the  proportion  of  lime  so  added  being  about  10  c\\t.,  and  of  clay 
5  cwt.  to  400,000  gallons  of  sewage.  After  the  sludge  has  sufficiently  accii* 
mulated  in  the  tanks  it  is  drawn  off,  placed  in  a  kiln  and  burnt  by  intense 
heat,  and  then  ground  into  cement. 

The  effluent  water  passes  off  very  much  clarified,  and  without  any  offen- 
sive smell  at  the  time  of  discharge. 

The  burning  of  the  deposited  matter,  with  the  mixture  of  the  lime  and  clay, 
renders  the  cement  perfectly  inodorous,  and  is  one  of  the  means  by  which 
the  difficult  question  of  the  disposal  of  the  precipitated  sludge  from  sewage 
may  be  solved ;  and  the  method  is  one  which  may  be  adopted  in  cases  where 
sewage  cannot  be  used  for  irrigation  in  its  crude  state. 

The  chief  points  which  arc  insisted  upon  in  this  case  arc  : — 

"  1st.  The  more  intimate  mixture  which  can  be  brought  out  in  the 
"  sewage-water,  owing  to  the  impalpable  nature  of  the  precipitate  of 
"  carbonate  of  lime  which  takes  place  on  the  addition  of  the  lime, 
"  2nd.  The  more  rapid  settlement  of  the  sewage-precipitate  than  the 

"  mixture  of  chalk  and  clay. 

"  3rd.  The  amount  of  organic  matters  which  is  carried  down  from  the 
"  sewnge  with  the  carbonate  of  lime  and  clay,  and  which  serves  fcr 
"  the  fuel  to  burn  the  mixture  into  lime  or  cement." 
The  amount  of  fuel  which  sludge  will  yield  is  stated  to  be  so  large  that,  in 

1,2 
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the  absence  of  any  better  mode  of  getting  rid  of  it,  and  in  consequence  of  the 
loss  which  results  from  attempting  to  deal  with  it  as  a  manure,  it  has  even 
been  proposed  to  destroy  it  by  burning. 

The  Committee  inspected  the  works  at  Ealing  in  September  1871.  On 
that  occasion  it  was  found  that  General  Scott's  process  was  not  in  operation, 
although  he  was  treating  the  sewage  experimentally  with  deodorizers.  It 
was  decided  therefore  to  test  the  existing  system  of  treating  sewage  by  up- 
ward filtration  ;  and  for  this  purpose  it  was  arranged  that  General  Scott 
should  not  apply  deodorizers  to  the  sewage  during  the  sampling  &c.  by 
the  Committee.  It  appeared,  however,  that  the  Local  Board  kept  a  man  at 
the  upper  end  of  the  town  mixing  deodorizers  with  the  sewage  every  day 
(except  Sunday).  The  dcodorizing-mixture  was  being  added  to  the  sewage 
at  the  rate  of  20  gallons  un  hour,  but  its  composition  was  not  stated. 
Samples  were  taken  on  behalf  of  the  Committee  : — 1st,  of  the  sewage  as  it 
entered  the  works  ;  2nd,  of  the  sewage  after  leaving  the  precipitating-tank  ; 
3rd,  after  passing  through  the  fii\st  iiiter ;  4th,  atter  pa-sing  through  the 
second  filter.  The  samples  were  taken  six  times  during  the  day,  the  quan- 
tity taken  being  proportioned  to  the  How  at  the  time.  It  was  further  deemed 
advisable  to  ascertain  the  effect  of  the  deodorizing-raixturc  added  by  the 
Local  Board ;  and  for  this  purpose  arrangements  were  made  that  nothing 
should  be  added  on  a  certain  day,  when  samples  of  the  sewage  and  of  the 
effluent  water  at  the  outfall  were  obtained.  The  analyses  of  the  six  samples 
will  be  found  below;  and  it  will  be  >scen  that  the  results  confirm  the  investi- 
gations of  the  Rivers  Pollution  Commissioners,  and  that  the  process  does  not 
render  the  sewage  fit  to  be  discharged  into  running  streams. 

The  next  investigation  by  the  Committee  took  place  in  March  1872,  when 
the  sewage  works  were  wholly  under  General  Scott's  control.  On  this  occa- 
sion gaugings  were  taken  which  confirmed  the  previous  statements  of  the 
daily  discharge  of  sewage  being  about  400,000  gallons.  The  samples  were 
taken  every  two  hours,  in  the  proportion  of  1  Jw  of  the  rate  of  now.  The 
gaugings  and  samplings  extended  over  five  days,  and  the  analyses  made  for 
the  Committee  by  l)r.  Russell  are  given  below. 

A  further  inspection  of  the  works  was  made  last  month  (July)  during 
very  hot  weather,  when  it  was  found  that  the  process  was  proceeding  with- 
out^ any  nuisance  whatever,  although  the  dcpositing-tanks  are  clearly  not  of 
sufficient  capacity,  a  defect  which  it  is  intended  to  remedy.  The  effluent 
water,  after  leaving  the  dcpositing-tanks,  contains  some  suspended  matter, 
and  lias  a  scum  on  its  surface  which  can  only  be  got  rid  of  by  nitration.  It 
is  proposed  to  filter  it  with  this  view;  but  the  liquid  will  still  contain  the 
soluble  organic ^  impurities  (see  remarks  on  analyses),  which  can  only  be  re- 
duced in  quantity  by  filtration  through  soil  by  means  of  irrigation,  for  which 
the  effluent  water  of  Ealing  is  well  adapted. 

The  open  clitch,  before  referred  to,  which  convoys  the  deodorized  sewage 
from  the  outfall  to  the  Thames,  was  carefully  examined  on  this  occasion,  but 
not  the  slightest  smell  was  detected  ;  the  water  has,  however,  a  yellow  tinge, 
from  a  slight  precipitate  which  it  deposits  along  the  line  of  the  ditch.  This 
is  no  doubt  due  to  the  insufficient  capacity  of  the  depositing- tanks,  the 
increase  of  which  will  probably  effect  an  improvement. 

One  of  the  difficulties  attending  the  process  as  now  conducted,  is  the  dry- 
ing of  the  precipitated  sludge  with  sufficient  rapidity.  If  this  is  done  by 
heat,  it  is  liable  to  cause  a  nuisance,  being  by  far  too  slow  in  action  even  at 
Ealing,  with  only  about  2  tons  of  sludge  daily.  It  is  proposed  in  this  case  to 
force  the  water  out  of  the  sludge  by  means  of  Needham  and  Kite's  hydraulic 
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press,  which  will  at  onco  render  tho  solid  matter  nearly  dry  enough  to  burn 
into  cement. 

On  tho  whole  this  process,  when  perfected,  promises  well  as  a  means  of 
treating  one  of  the  difficulties  of  the  sewage-  question — the  disposal  of  the 
sludge  precipitated  from  sewage.  It  appears  not  only  possible  to  destroy 
tho  solid  matters  by  fire,  but  also  to  secure  some  return  from  their  use  in 
the  manufacture  of  cement. 

Remarks  on  the  Analyses  of  Sewage  and  Effluent  Water  from  Edling. 

Ealing  sewage,  upward-filtration  process.    Samples  taken  5th  and  6th  Sep- 
tember, 1871. 

N.B. — Samples  taken  every  two  hours  during  tho  day,  in  the  proportion  of  U,V  ,  of  thd 
ilow  per  minute.     Results  given  in  parts  per  100,000. 
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Ealing  sewage,  General  vScott's  process.     Samples  taken  March  26th  to 
April  5th,  1872. 

N.B.—  Samples  taken  ovory  two  hours  during  the  day.  in  the  proportion  of  }  JuQ  of  tho 
flow  per  niinnto.     Results  given  in  ])arts  per  1(X),(X)0. 


£     1          Bolulm.itier. 

Mlrog..,* 

IS 

5    '  —  " 

_  — 

S 

h        In  solu- 

In  Hiiappn- 

J 

In  soludon. 

Sri 

De  eiiptionof      i^-| 

^-5 

tion. 

Hion. 

c 
C 
o 

-_ 

n 

111 

Hrt«ttA«. 

sjiniples. 

h  C 

•M'A 

o 

cE^i 

a 

91   7 

I&8 

4>  S 

•So 

acg 

"{§O 

tea 

Q 

?  2  i  .'-^ 

•3  C  I 

$• 

a  sr 

ll 

N 

11 

11 

|1 

!  i  1  'P 

3 

o 

i; 

1^ 

H       |  " 

q 

«1        O   \<  rt 

H 

H- 

r-i  ce 

lewoge     eollectedi 
froiu  main  sewer  > 
in  twn   ) 

290 

oF 

J75 

61-00 

13  00 

M-3S 

62-13 

•J-61 

2-9^ 

,,, 

(   There  had  heen  rain 
-jf'or  Bomo  days  previ- 
(  ous  to  the  sampling. 
(    A  small  amount  of 

i 

Kfflm»nt  water  from  \ 
outfall     J 

1(3-0 

•i-io 

12-40 

l-«2 

•79  1  11    v3 

•J-7.1 

2-7  » 

)  au«pendedmatterprc- 
)sent.  Sample  not  fli- 

ttered. 

From  these  analyses  it  will  be  seen  that  the  upward-filtration  process, 
whether  accompanied  or  not  by  the  previous  addition  of  the  deodorizing- 
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mixture,  effected  only  a  very  slight  purification  of  the  sewage,  which  left  in  the 
filters  still  a  sewage  of  average  strength ;  it  was  not  even  clarified.  With 
regard  to  General  Scott's  process,  it  would  appear  that  by  it  the  suspended 
matters  are  precipitated  very  completely  ;  as  to  the  more  important  consti- 
tuents of  the  sewage,  it  is  seen  from  the  analyses  that  the  effluent  water 
contained  rather  more  than  two  thirds  of  the  chlorine,  and  three  fourths  of 
the  dissolved  nitrogen  of  the  sewage ;  but  it  must  be  remarked  that  tho 
dissolved  nitrogen  appears  in  a  different  way  in  the  effluent  water  and  in 
tho  sewage ;  the  actual  ammonia  is  reduced  to  one  quarter  of  its  amount, 
while  the  organic  nitrogen,  doubtless  from  solution  of  some  of  the  nitrogenous 
suspended  matters,  is  nearly  doubled  in  amount  in  the  effluent  water.  Some 
oxidation,  too,  has  taken  place  by  which  nitrates  appear  in  the  solution.  Such 
water  would  be  much  too  impure  to  be  sent  into  a  river,  and  too  valuable  to 
be  wasted  ;  indeed  it  is  not  pretended  that  the  process  is  capable  of  purifyiny 
the  liquid  sewage,  its  object  is  merely  the  separation  and  deodorizatiou  of 
the  sludge  (which,  in  the  majority  of  cases,  must  necessarily  bo  removed  before 
the  sewage  can  be  utilized),  and  its  ultimate  use  as  fuel  in  the  manufacture 
of  cement. 


N  III, 

A  process  known  as  "  Whitthread's  Patent "  having  been  brought  under 
the  notice  of  the  Committee,  has  been  investigated  by  a  preliminary  experi- 
ment on  a  sufficiently  large  scale,  although  it  is  not  at  present  in  operation 
anywhere,  the  supporters  agreeing  to  pay  the  expense  of  tho  necessary 
analyses. 

The  process  consists  in  the  addition  of  a  mixture  of  dicalcic  and  mono- 
calcic  phosphate  containing,  it  was  stated,  two  equivalents  of  dicalcic  to  one  of 
monocalcic  phosphate  (the  latter  being  added  as  commercial  superphosphate), 
and  then  afterwards  a  little  milk  of  lime.  In  the  experiment  referred  to  100 
gallons  of  sewage,  taken  from  the  llomford  sower  before  it  joins  tho  tanks 
on  Breton's  .Farm,  were  operated  on,  one  pound  of  the  mixture  being  stirred 
up  in  a  little  water,  and  added  after  the  addition  of  a  little  milk  of  lime. 
The  precipitation  was  very  rapid,  and  tho  supernatant  water  remained  very 
nearly  clear  and  quite  inoffensive. 

Tho  accompanying  Table  shows  the  result  of  the  analyses  of  the  raw 
sewage,  the  supernatant  water,  and  the  precipitate : — 

Results  given  in  parts  per  1(X),UO(). 
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Examination  of  the  precipitate  after  drying  it  at  100°  C* 

Results  in  100  parts. 

Ammonia    3-03 

Phosphoric  acid  (Pa08)  8-18 

Lime                   (Cut))     iW-o  1 

Phosphate  of  alumina  and  iron 5-J)  J-     • 

Loss  on  ignition 32'8(j 

liesiduum,  insoluble  in  hydrochloric  acid  . .  14-54 

We  have,  said  that  the  suspended  mailers  were  in  very  small  amount  in 
the  supernatant  water ;  this  is  evidently  merely  a  question  of  time  allowed  for 
settling.  It  will  he  seen  that  the  amount  of  ammonia  in  solution  is  some- 
what greater  in  the  efilueut  water  than  in  the  sewage,  doubtless  from  the 
decomposition  of  some  of  the  soluble  organic  matter  in  solution;  hut  the 
most  remarkable  thing  is  that  the  organic  matter  in  solution  was  almost 
entirely  removed  in  this  experiment,  so  that  while  the  sewage  contained  0-90 
part  of  organic  nitrogen  in  solution  in  100,000  parts,  the  supernatant  water 
only  contained  0'02  part.  It  must,  however,  be  distinctly  understood  that 
this  is  only  a  preliminary  experiment,  from  which  general  conclusions  must 
not  bo  too  hastily  drawn.  The  supernatant  water  contained  a  considerable 
quantity  of  phosphoric  acid,  viz.  5'f)3  parts  in  100,000. 

The  analysis  of  the  precipitate  shows  it  to  contain  a  large  proportion  of 
phosphate  of  lime;  and  its  value  is  much  enhanced  by  the  three  per  cent,  of 
ammonia  which  it  also  contains. 

The  presence  of  phosphoric  acid  in  the  supernatant  water  would  be  of  con- 
siderable advantage  if  this  wero  afterwards  used  for  irrigation,  but,  unless 
means  are  devised  for  separating  it,  would  constitute  a  serious  loss  if  the 
water  were  thrown  away. 

On  the  whole,  then,  this  preliminary  experiment  shows  that  the  process  in 
question  well  deserves  further  and  careful  investigation. 

SECTION  IV. — Adilltioiwl  Note  on  the  Dry  E«rth  xyxfrM. 

In  the  last  lleport  the  Committee  gavo  the  results  which  Dr.  Gilbert  had 
obtained 'from  the  analysis  of  soil  which  hud  been  used  in  an  earth-closet 
either  once  or  twice. 

It  appeared  that,  "  calculated  upon  the  air-dried  condition,  the  increase  in 
the  percentage  of  nitrogen  was  only  about  O-lo  each  time  the  soil  was  used  ; 
arid,  even  after  using  twice,  the  soil  was  not  richer  than  good  garden -mould." 

From  two  agreeing  determinations  Dr.  Gilbert  now  iinds  that  soil  which 
has  been  used  three  times  in  tho  closet  contains,  when  dried  at  100°  C.,  only 
0-440  per  cent,  of  nitrogen  ;  and  duplicate  determinations  entirely  confirmed 
this  result,  so  that  we  have  tho  following  series :— 


Beforo 
us^l. 

Yft-T  ifoiii£ 

OIlLV. 

U'iiM'  usmjr 
Uiiv. 

U'UT  using 
hive  tiiii<»> 

Percentngn  of  nitrogen  in  soil  tlrit  il 
at  100°  "C  

I,-;}';;} 

():>  10 

o-asa 

(Hlli 

So  that  the  remark  made  by  the  Committee  last  year  with  regard  to  soil 
which  had  been  used  twice,  4<  that  such  a  manure,  even  if  disposed  of  free  of 
charge,  would  bear  carriage  to  a  very  short  distance  only,"  is  applicable  also 
to  soil  which  has  been  used  three  times  in  the  earth-closet, 
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ON  Y.  —  Seirage-Furms. 
a.  EARLRWOOD  Si  ;  WAGE-FA  it  jr. 

It  will  be  remembered  that  the  Committee  investigated  the  utilization  of 
the  sewage  of  lledhill,  Surrey,  at  Earlswood  Common,  and  reported  the  result 
at  the  last  'Meeting  of  the  British  Association  at  Edinburgh.  In  this  llcport 
the  extent  and  mode  of  hiying  out  the  land  and  applying  the  sewage  were 
described,  and  analyses  were  given  of  samples  of  the  sewage  and  effluent 
water  taken  by  the  Committee.  The  results  of  these  analyses  showed  that 
the  sewage,  although  very  weak,  was  but  very  imperfectly  purified  by  the 
process  ;  and  that  this  was  so,  was  attributed  by  the  Committee  chiefly  to 
the  absence  of  iinderdrainage  in  the  irrigated  land,  the  analyses  and  various 
observations  as  to  the  temperatures  of  the  samples  pointing  to  the  conclusion 
that  the  land  had  become  saturated,  and  that  the  sewage  simply  flowed  over 
it  instead  of  percolating  through  it, 

The  Committee  has  again  examined  this  farm,  considering  it  desirable  to 
ascertain  and  report  any  change  of  circumstances  connected  with  it.  No 
sampling  of  the  sewage  or  effluent  water  was  made  on  this  occasion,  as  it 
was  found  that  the  farm  remained  very  much  in  the  same  condition  as  when 
last  visited. 

The  outfall  ditch,  which  receives  the  effluent  sewage  from  the  lowest  beds, 
has  been  lowered  2  feet,  so  as  to  admit  of  subsoil-  drainage  over  the  whole 
farm  ;  but  none  has  been  executed,  although  the  idea  was  at  one  time  enter- 
tained. 

The  sewage  is  still  passed  through  "  Latham's  patent  extractor  ;"  but  the 
result  is  only  to  disengage  a  very  small  amount  of  solid  matter,  and  it  re- 
quires the  attendance  of  one  man  daily. 

The  land  has  been  taken  as  a  sewage-farm  for  the  sewage  of  Rcigatc  as 
well  as  that  of  lledhill  ;  but  the  sewage  from  the  former  place  is  not  yet 
conveyed  to  the  farm,  the  sewer,  which  was  in  course  of  construction  last 
year,  being  still  incomplete. 

The  flow  of  sewage  and  effluent  water  was  found  to  bo  about  equal  in 
quantity,  viz.  250  gallons  per  minute.  Looking  at  the  results  of  the  pre- 
sent system,  with  the  sewage  of  lledhill  only,  the  effect  of  adding  that  from 
Kcigate  cannot  be  expected  to  be  satisfactory,  unless  improvements  are  in  ado 
in  the  mode  of  laying  out  the  land,  and  unless  it  is  properly  underdruincd. 

The  crops  on  the  farm  consist  principally  of  r\e-grass  and  oats,  with  a 
few  mangolds.  The  rye-grass,  of  which  three  crops  have  been  cut  this  year, 
is  for  the  most  part  made  into  hay,  there  not  being  sufficient  demand  for  it  in 
the  green  state.  It  should  be  stated  that  on  the  occasion  of  this  inspection 
the  effluent  water  was  running  apparently  clear  and  free  from  smell. 

I.  TUXURIDGL  WELLS  SEWAGE-FARMS. 

The  Committee  also  deemed  it  desirable  to  inquire  what  had  been  done  at 
these  farms  since  the  investigation  last  year. 

It  will  be  remembered  that  the  sewage  of  Tunbridgo  Wells,  which  is  tole- 
rably concentrated,  is  conveyed  by  gravitation  to  two  farms,  one  situated  on 
the  north,  and  the  other  on  the  south  of  the  town.  The  farms  were  not 
uniformly  undcrdrained,  but  some  previously  existing  drainage  was  employed 
under  a  peculiar  system  to  redistribute  the  effluent  sewage-water.  The  dis- 
tribution was  effected  by  the  catchwa,ter  system,  the  sewage-sludge  being 
previously  allowed  to  subside  in  tanks  constructed  for  the  purpose. 
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Analyses  of  the  samples  taken  on  the  first  inspection  of  the  Committee 
showed  that  the  purification  effected  was,  on  the  whole,  unsatisfactory,  espe- 
cially on  the  south  farm. 

No  samples  were  taken  at  the  recent  inspection  of  the  farms,  it  being 
desired  principally  to  ascertain  their  present  working  condition.  On  visit- 
ing the  north  farm  it  was  found  that  the  sewage  was  running  into  the  tanks 
at  the  rate  of  280  gallons  per  minute.  It  was  rnuddy,  and  smelt  very 
strongly.  The  effluent  water  appeared  to  be  running  clear  and  free  from 
smell,  and  the  stream  into  which  it  is  discharged  was  clearer  than  it  was  at 
tho  last  inspection.  Some  additional  catcli water-drains  had  been  put  in, 
and  some  defective  subsoil-drains  repaired  ;  but,  as  far  as  could  be  learned,  no 
regular  system  of  subsoil-drainage  had  been  commenced.  The  crops  on  this 
farm  consisted  of  meadow-grass,  Italian  rye-grass,  mangolds,  oats,  beans,  and 
wheat,  and  were  generally  in  excellent  condition  ;  but  the  rye-grass  is  not  so 
strong  as  it  was  last  year,  probably  owing  to  this  being  the  third  year  after 
sowing.  There  is  plenty  of  demand  for  it  at  1,9.  per  rod  green.;  and  about 
1000  cubic  yards  of  hay,  of  very  good  quality,  had  been  made  from  it  this  year. 
The  other  crops  are  described  as  very  heavy.  It  was  slated  that  a  large  field 
of  turnips,  being  infested  with  the  fly,  was  flooded  with  sewage,  which  drowned 
the  fly  and  saved  the  crop,  which  is  expected  to  turn  out  well,  but  rather 
late.  The  wheat  was  scwaged  twice  during  the  spring,  and  was  a  very  fine 
crop,  the  Committee's  Inspector  computing  the  probable  average  yield  at 
about  seven  quarters  per  acre.  The  whole  farm  was  described  as  looking 
better  and  in  a  healthier  state  than  last  year. 

On  the  south  farm  the  sewage  was  running  into  the  tanks  at  the  rate  of 
440  gallons  per  minute,  and  it  smelt  very  offensively.  The  effluent  water 
was  very  clear  and  free  from  smell.  The  crops  on  this  farm  were  also  look- 
ing very  well,  but  not  generally  so  fine  as  those  on  the  north  farm.  The 
rye-grass  here,  as  at  the  other  farm,  was  not  so  strong  as  last  year,  from 
Mhich  it  would  appear  that  three  years  is  too  long  to  grow  and  cut  from  the 
same  roots.  There  were  about  ten  acres  of  wheat,  four  being  on  sewaged 
ground,  and  six  manured  with  the  sediment  from  the  tanks,  both  looking 
equally  well.  Some  hops  which  received  sewage  in  the  winter  compared 
very  favourably  with  others  which  are  too  high  above  the  carriers  to  be 
sewaged,  being  stronger  in  the  bine  and  of  a  darker  green  colour.  A  field 
of  beans  was  noticed,  one  portion  of  the  crop  being  very  heavy  and  healthy- 
looking,  and  the  other  very  poor  and  stunted.  On  inquiry  it  was  ascertained 
that  the  whole  field  had  been  equally  sewaged,  but  that  the  portion  whore 
the  crop  was  so  good  had  been  drained  4  feet  deep  during  last  winter,  the 
other  portion  being  left  undrained.  It  seems  desirable  to  call  attention  to 
this  circumstance,  as  affording  further  proof  of  the  necessity  (already  insisted 
upon  by  the  Committee  in  a  previous  lleport)  of  subsoil-drainage  in  con^ 
nexiori  with  sewage  irrigation.  It-  was  stated  that  there  was  a  ready  sale  for 
the  green  crops  produced  on  this  farm.  The  rye- grass  is  appreciated  by  the 
local  cow-feeders,  who  say  that  their  cattle  thrive  well  on  it.  Judging  from 
the  experience  of  these  farms,  it  would  also  appear  that  sewage  irrigation  is, 
when  properly  managed,  as  well  adapted  for  grain  crops  as  for  green  crops  ; 
but  the  quantity  which  can  be  applied  to  them  being  comparatively  very 
small,  the  area  for  the  distribution  and  application  of  the  sewage  must  be 
greatly  increased  in  proportion  as  corn  crops  are  grown  by  its  aid. 
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SECTION  VL—MertJiyr  TyJfil  Sewage-Farm  at  Troedyrhiw. 

In  January  last  the  attention  of  the  Committee  was  directed  to  a  system 
of  purifying  sewago  by  intermittent  downward  filtration  which  was  then 
completed  at  Troedyrhiw,  near  Morthyr  Tydfil,  for  dealing  with  tho  sowago 
of  the  latter  place. 

In.  1870  the  present  Rivers  Pollution  Commissioners,  in  their  first  Report, 
described  some  most  important  experiments  which  had  been  conducted  in 
their  laboratory  by  Dr.  Edward  Frankland,  E.R.8.,  which  satisfactorily  proved 
that  intermittent  downward  nitration  (which  is,  in  fact,  irrigation  confined  to 
a  small  area),  "  properly  conducted,  is  a  most  efficient  means  of  purifying 
sewage."  The  various  trials  with  different  soils  showed  conclusively  that 
town  sewago  might  in  this  manner  bo  cleansed  and  rendered  sufficiently 
innocuous  for  discharge  into  streams.  Tho  Commissioners  stated  that  an 
acre  of  filtering  material  0  feet  deep  would  so  deauso  the  sewage  of  3300 
people  ;  but  they  expressed  an  opinion  that,  whilst  successful  from  a  remedial 
point  of  view,  the  system  would  be  very  wasteful,  as  not  utilizing  the  valuable 
manorial  properties  of  sewage  ;  and  for  this  reason  it  was  only  to  be  recom- 
mended for  employment  on  a  small  scale,  or  where  circumstances  rendered 
other  processes  difficult  and  expensive. 

In  1868,  and  again  in  1809,  injunctions  were  granted  by  the  Court  of 
Chancery  to  prevent  the  Local  Board  of  Mcrthyr  Tydfil  from  discharging  tho 
sewage  of  that  town  into  the  river  Taff. 

Mcrthyr  Tydfil  contains  a  population  of  50,000;  but,  according  to  informa- 
tion supplied  to  the  Committee,  the  excrotal  refuse  of  not  more  than  two  fifths 
of  this  number  is  discharged  into  the  sewers,  although  tho  slops  and  other 
liquid  refuse  from  a  further  like  number  (20,000)  is  stated  to  bo  admitted. 
It  is  not  surprising,  therefore,  that  the  sewago  is,  as  afterwards  appears, 
exceedingly  weak. 

In  1870  the  Local  Board  gave  notice  for  the  purchase  of  30J3  acres  of  land 
in  the  valley  of  tho  Tan0,  upon  which  to  dispose  of  the  sewage.  Of  this 
quantity  70  to  80  acres  were  purchased  below  the  village  of  Troedyrhiw, 
which  is  about  three  miles  from  Merthyr  Tydfil;  and  it  is  hero  that  an  area 
of  about  20  acres  has,  under  the  supervision  of  a  member  of  the  Committee, 
been  converted  into  a  filter-bed  for  the  practice  of  the  system  of  downward  fil- 
tration originated  by  the  Rivers  Pollution  Commissioners,  as  above  described. 

The  soil  of  this  arm  consists  of  a  deep  bed  of  gravel  (probably  the  former 
bed  of  the  river  Taff,  which  is  embanked  upon  tho  east  side,  and  is  raised 
above  the  valley),  composed  of  rounded  pebbles  of  the  Old  Red  Sandstone  and 
Coal-measure  formations,  interspersed  with  sonic  loam  and  beds  of  sand, 
forming  an  extremely  porous  deposit,  and  having  a  vegetable  mould  on  tho 
surface. 

The  land  has  been  pipe-drained  at  a  depth  of  less  than  7  feet,  and  tho 
pipes  are  concentrated  at  the  lowest  corner,  where  the  effluent  water  is  dis- 
charged into  an  open  drain,  which  leads  to  the  river  Taff  at  some  distance 
down  the  valley. 

The  area  is  laid  out  in  square  beds,  intersected  with  roads  and  paths,  along 
which  arc  constructed  tho  main  carriers  which  receive  the  sewage  from  tho 
outfall  sewer  and  distribute  it  over  the  beds. 

Tho  sewage  before  entering  the  farm  is  screened  through  a  bed  of  "  slag/' 
which  arrests  the  coarser  matters.  It  is  applied  to  the  land  intermittently  ; 
for  the  area  being  divided  into  four  plots  or  beds,  it  is  turned  on  each  one 
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for  six  hours  at  a  time,  leaving  an  interval  of  eighteen  hours  fur  rest  and 
aeration  of  the  Boil. 

The  surface  of  the  land  was  cultivated  to  a  depth  of  from  10  to  18  inches, 
and  laid  up  in  ridges  in  order  that  the  sewage  might  run  down  the  furrows, 
while  the  ridges  were  planted  with  cabbages  and  other  vegetables. 

The  Committee  has  adopted  the  same  mode  of  investigation  in  this  as  in 
other  cases,  and  the  following  is  a  description  of  their  operations. 

It  was  thought  advisable  in  this,  as  in  other  examinations  of  sewage-farms, 
that  inspections  should  be  made  at  two  seasons  of  the  year, — in  winter,  when 
the  land  is  saturated  with  rain  or  frozen,  and  again  in  summer  during  dry 
weather,  when  there  is  the  greatest  activity  in  vegetable  life. 

The  first  examination  of  the  farm  was  made  in  January  last,  in  very  wet 
weather,  when  the  system  was  in  operation  as  above  described.  Samples, 
extending  over  a  period  of  seven  days,  were  collected  of  the  sewage  as  it 
entered  the  farm,  and  of  the  effluent  water  from  the  outfull  drain  before  de- 
scribed. Gaugings  were  taken  of  the  flow  of  both  the  sewage  and  effluent 
water  for  eight  days,  with  tho  following  results : — 
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It  will  be  seen  that  the  quantity  of  cflluoiit  water  discluirged  was  more 
than  double  the  quantity  of  sewage  ;  and  as  the  rainfall,  though  considerable, 
could  not  possibly  account  for  such  an  increase,  it  was  foil  necessary  to  look 
elsewhere  for  its  cause.  It  was  ascertained  from  the  Surveyor  to  the  Local 
Board  that  the  bed  of  the  river  Taff  is  4  feet  7  inches  above  the  bottom  of  tho 
effluent  drain  ;  and  observation  proved  that  when  tho  water  in  the  river  rose 
that  of  tho  drain  rose  also,  and  on  the  river-water  subsiding  the  same  thing 
occurred  in  the  drain.  From  this  it  became  evident  that  u  filtering  commu- 
nication exists  between  the  river  and  the  drains,  the  nature  of  tho  soil 
rendering  this  very  probable.  To  further  test  the  matter,  trial  holes  were  dug 
in  a  field  adjoining,  and  to  the  north  of  the  filtering-beds,  when  it  was  found 
that  the  same  thing  occurred,  the  water  collected  in  them  ri&ing  and  falling 
with  that  in  the  river. 

It  should  be  stated  that  some  gaugings  of  the  flow  of  the  sewage  were  taken 
in  November  1871,  by  Mr.  Harper,  the  Surveyor  to  the  Local  ]3oard,  whiohf 
as  will  be  seen,  agree  closely  with  those  taken  for  the  Committee. 
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1871.  Nov.  14  and  15,     Rain,  part  of  tho  time. 

Greatest  flow 1075  gallons  per  minute. 

least         „ ,       768       „        „         „ 

Average  flow  for  the  two  clays    .       923       „        ,,         „ 

1871.  Nov.  30  and  Dec.  1.     Dry  weather. 

Greatest  flow 703  gallons  per  minute. 

Least        „       031       .,        ,,        „ 


Average  flow  for  tlic  two  days  .     ,     728       „        „         „ 

824,796  gallons  per  day  is  tlic  summer  dry-weather  flow  of  the  sewage  from 
tho  whole  of  the  district. 

The  second  examination  was  made  by  the  Committee  in  the  early  part  of 
July  last,  when  samples  and  gaugings  were  taken  for  a  period  extending  over 
eight  days.  The  samples  were  taken,  as  in  the  previous  ease,  at  the  rale 
of  T^.^ro  part  of  the  flow  at  the  time  of  taking.  The  following  are  the 
results  of  the  gaugings  on  this  occasion : — 
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The  samples  of  sewage  and  effluent  water  taken  were  collected  only  during 
the  dry  portion  of  the  above  period,  namely,  the  afternoon  of  tho  2nd  July, 
all  the  3rd,  4th,  and  5th,  the  morning  of  the  6th,  and  the  afternoons  of  the 
8th  and  9th,  when  the  rains  could  not  he  said  to  have  had  any  effect  on  them, 
and  they  may  be  considered  fair  samples  of  the  dry-weather  sewage  and 
effluent  water.  Selecting  tho  entirely  dry  days  from  the  above,  it  would 
appear  that  the  ordinary  flow  of  dry- weather  sewage  may  be  stated  as  650 
gallons  per  minute,  and  that  of  the  effluent  water  at  1425  gallons  per  minute. 
Allowing  one  fourth  of  the  sewage  to  he  evaporated  during  dry  weather,  it 
would  appear  that  the  effluent  sewage  is  diluted  during  dry  weather  with 
fcbout  twice  its  bulk  of  comparatively  pure  water  from  the  river  and  other 
sources. 
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The  thunderstorm  which  occurred  on  the  6th  July  afforded  further  proof 
of  the  connexion  between  the  river-water  and  that  of  the  effluent  drain. 
On  the  morning  following  the  storm  the  water  in  the  river  had  risen  7  feet 
6  inches  perpendicular,  and  on  walking  along  the  bank  the  Inspector  found 
the  river-water  percolating  through  and  flooding  the  ground  1$  inches  deep. 
The  water  in  the  effluent  drain  was  3  feet  0  inches  deep,  and  was  estimated 
to  be  running  at  the  rate  of  3500  to  4000  gallons  per  minute. 

The  surface  of  the  filtering  areas  was  prepared  for  cultivation  in  the  spring 
of  1871,  and  in  June  of  that  year  cabbages  were  planted  and  mangolds  sown  ; 
and  the  crops  were  sold  in  the  autumn,  yielding  very  good  prices.  As  soon 
as  cleared  they  were  replaced  by  others,  some  of  which  arc  now  in  the  ground, 
and  some  have  been  sold  at  high  prices. 

The  adjoining  land  at  Trocdyrhiw,  belonging  to  the  Local  Board,  has  been 
cultivated  as  a  sewage-farm  proper  with  complete  success,  the  crops  grown 
being  of  a  high  class.  The  Board  also  intends  to  apply  the  sewage  to  the 
land  before  referred  to  in  the  valley  of  the  Taff,  but  has  reduced  the  quantity 
previously  intended  to  bo  taken  by  112  acres,  since  the  success  of  the  down- 
ward-filtration system  has  been  demonstrated.  It  will  of  course  be  under- 
stood that  this  latter  system  is  in  this  case  only  intended  to  be  used  in 
conjunction  with  the  ordinary  sewage-irrigation  ;  and,  considered  as  a  means 
for  the  disposal  of  the  sewage,  and  especially  of  the  night-sewage,  there 
can  bo  little  doubt  of  the  success  of  this  method.  But  whether  it  would  be 
equally  favourable  in  other  cases,  when  solely  relied  on  for  the  dispo.sal  and 
purification  of  the  sewage  of  other  towns,  and  under  all  the  different  con- 
ditions as  to  soil,  water,  strength  of  sewage,  &c.,  is  a  subject  upon  which 
there  may  be  considerable  doubt,  but  which  is,  nevertheless,  a  proper  one 
for  further  investigation. 

The  Rivers  Pollution  Commissioners  have  recently  presented  another  Report 
to  Parliament,  in  which  they  describe  the  operations  at  Troedyrhiw  ;  and  they 
therein  admit  that  the  fears  expressed  in.  their  first  Report,  that  the  mammal 
properties  of  sewage  would  be  entirely  lost  in  this  process,  and  that  the 
treatment  of  the  sewage  of  a  large  town  by  it  would  probably  result  in  a 
nuisance,  have  not  been  borne  out  in  this  case. 

The  Commissioners  state : — "  Our  analyses  show  that  the  effluent  water 
entering  the  Taff  from  the  Merthyr  intermittent  filters  was  of  even  a  more 
highly  satisfactory  degree  of  purity  than  the  samples  which  we  examined 
resulting  from  the  process  carried  out  on  a  small  .scale  in  our  laboratory ;  but 
a  comparison  of  the  proportions  of  chlorine  in  the  sewage  and  effluent 
water  shows  that  the  whole  of  the  latter  is  not  derived  from  the  former. 
We  find,  in  fact,  that  each  gallon  of  the  sewage,  on  June  19,  1871,  had 
become  mixed  with  2-2  gallons  of  subsoil-water,  and  that  on  October  20, 
1871,  each  gallon  of  sewage  had  become  mixed  with  1*9  gallon  of  subsoil- 
water.  This  result  involves  the  assumption  that  the  subsoil-water  contained 
the  same  proportion  of  chlorine  as  that  present  in  the  water  of  the  neigh- 
bouring TafF,  which,  according  to  our  analyses,  has  !•-  part  of  chlorine  in 
100,000  parts." 

It  will  be  seen  that  this  opinion  of  the  Commissioners,  founded  upon 
chemical  analysis,  more  than  confirms  the  conclusion  of  this  Committee, 
based  upon  the  results  of  the  gaugings  taken,  that  the  effluent  sewage  is 
diluted  with  twice  its  bulk  of  comparatively  pure  water. 

The  Commissioners  consider,  nevertheless,  that  the  net  result  of  tho  action 
of  the  soil  .of  tho  intermittent  filters  upon  the  sewage  was  highly  satisfactory, 
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attention  being  drawn  at  the  same  time  to  the  exceptionally  weak  character 
of  the  sewage ;  and  bearing  this  in  mind,  they  suggest  that  uit  maybe  neces- 
sary, in  order  to  secure  efficient  purification,  to  lay  out  as  intermittent  filters 
even  double  the  area  of  land  per  10,000  of  population  that  is  employed  at 
Merthyr  Tydfil,  where  only  from  two  to  five  acres  per  10,000  people  were 
being  employed." 

The  following  are  tho  analyses  of  the  samples  taken  by  the  Committee : — 


Sewage-Farm  at  Merthyr  Tydfil.  Analyses  taken  10th  to  15th  January,  1 872, 

N.B. — Samples  taken  every  two  hours  during  the  clay,  in  the  proportion  of  T5J^^  of 
the  (low  per  minute.     Results  given  in  parts  per  100,000. 
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Sewage-Farm  at  Merthyr  Tplfil.    Analyses  taken  2nd  to  8th  July,  1872. 

N,B. — Samples  taken  every  tv*o  Lours  during  the  clay,  in  tho  proportion  of  T0ioo  o 
the  flow  per  minute.     .Result*  given  in  parts  per  1(K),(.KK). 
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With  regard  to  the  winter  sewage,  we  see,  from  the  decrease  in  the  amount 
of  chlorine  in  the  effluent  water,  that  in  this  ease  each  gallon  of  tho  sewage 
had  become  mixed  with  1-39  gallon  of  suhsoil-water,  containing  *D2  of 
chlorine  in  100,000  parts;  this  shows  a  smaller  amount  of  dilution  than 
that  stated  by  the  llivers  Pollution  Commissioners,  and  so  far  agrees  better 
with  our  gaugings  as  above  recorded,  It  will  be  noticed  that  the  Comnns- 
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sioners  considered  the  subsoil-water  to  contain  as  much  chlorine  as  the 
water  of  the  river  Taff,  whereas  actual  analysis  of  it  shows  it  to  contain  only 
0-92  against  1-2  of  chlorine  in  the  river-  water.  Had  we  taken  the  composi- 
tion of  the  river-water  as  given  by  the  Commissioners,  the  dilution  would 
have  appeared  in  this  case  to  be  1/7  gallon  of  subsoil-  water  to  1  of  sewage, 
instead  of  KM)  to  1. 

Now  the  total  nitrogen  in  solution  in  100,000  parts  of  sewage  was  1/40, 
in  the  effluent  water  0-05,  and  in  the  subsoil-water  0-05  (see  Table). 
Again,  one  volume  of  this  sewage,  mixed  with  KM)  volume  of  this  subsoil- 
water,  would  give  2-35)  volumes  of  \vator,  containing  exactly  0'  07  part  of 
nitrogen  m  solution  in  the  100,000  parts  —  that  is  to  say,  that  the  apparent 
diminution  of  the  nitrogen  in  solution  is,  within  a  small  fraction,  entirely  duo 
to  dilution  with  subsoil-water  ;  and  the  nitrogen  retained  in  the  soil  is  equal 
to  the  amount  in  the  suspended  matters  of  tho  sewage,  that  is  to  say,  rather 
more  than  a  quarter  of  the  total  nitrogen. 

What  is  most  important,  however,  is  that,  although  all  the  nitrogen 
originally  in  .solution  is  lost,  it  is  almost  all  oxidi/ed;  for  about  }-*  of  the 
nitrogen  in  the  eflluent  water  is  in  the  form  of  innocuous  nitrates  and 
nitrites. 

In  the  summer  tho  dilution  with  subsoil-water  wns,  according  to  the 
gailgings,  equal  to  about  IN  ice  tho  volume  of  the  sewage.  As  the  chlorine 
in  the  subsoil-water  was  not  determined  in  the  summer,  we  can  only  say  that 
the  smaller  proportion  of  tot.il  nitrogen  in  solution  in  the  effluent  water 
seems  to  eontirm  the  results  of  the  gauging*. 

The  effluent  water  this  summer  \\as  not  quite  so  pure  as  last  winter,  but 
still  four  iifths  of  its  nitrogen  was  in  the  Ibnn  of  nitrates  and  nitrites. 

It  is  to  be  noted  that  the  sewage  was  cooled  by  its  percolation  through  the 
soil,  mid  especially  so  in  summer. 

The  general  results  seem  to  be  that  by  the  process  the  suspended  matters 
fire  removed,  and  the  ammonia  and  nitrogenous  organic  matreis  in  solution 
arc  almost  completely  oxidi/ed,  and  escape  in  the  effluent  water  as  nitrates 
and  nitrites;  so  that,  the  sewage  is  satisfactorily  puritiod,  though  the  process 
cannot  be  looked  upon  as  one  of  utilization. 


ON"  VII.  —  J1t\tons  Farm,  near  J?o//»/<W. 

It  will  be  in  the  remembrance  of  the  members  of  the  British  Association 
that  the  Committee  has  been  conducting  a  series  of  observations  on  the  appli- 
cation of  the  sewage  of  the  town  of  Itomford  to  this  farm,  both  as  to  the 
purification  of  the  sewage  and  its  utilization  as  a  manure  ;  accordingly  the 
observations  and  analyses  recorded  in  previous  years  have  been  continued 
during  the  past  year,  and  the  results  will  be  found  in  the  accompanying 
Tables. 

The  Committee  have,  however,  extended  their  observations  still  further 
during  the  past  year,  and  have  supplemented  them  by  the  particulars  of  the 
crops  which  have  been  grown  on  the  farm  during  the  twelve  months  from 
March  25th,  1871,  to  March  i>ith,  1S7^,  both  days  inclusive.  But  to  make 
this  inquiry  more  complete,  and  of  greater  practical  utility,  the  Committee 
made  an  alteration  in  the  form  of  the  analysis  of  the  sewage  and  effluent 
water,  so  as  to  determine  the  total  nitrogen. 

The  observations  which  were  made  in  u-htion  to  the  crops  gave  the  fol- 
lowing results  :— 
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tons. 

The  quantity  of  sewage  from  the  town  received  on  the  farm  from 
March  25th,  1871,  to  March  24th,  1872,  inclusive,  is,  according 
to  the  gaugings 410,787 

The  quantity  of  effluent  water  returned  from,  the  land  to  tho 

tanks  and  repumped,  during  the  same  period,  is 52,40G 

The  quantity  of  sewage,  dilute  or  otherwise,  which  we  have  to 

account  for  is  therefore     409,253 

According  to  the  cropping  table  the  quantity  of 
sewage  applied  to  the  cropped  land  (chieily  by 
pumping,  but  also  to  a  small  amount  by  gravita- 
tion) during  the  aforesaid  period  is  380,227  tons. 

Mr.  (/ooeh  (the  adjoining1  farmer)  was  supplied  with          4,131 

There   was  applied  to  the  garden   (which   is   not 

reckoned  as  part  of  the  farm  proper) 033 

Total  quantity 385,291  tons  utilized. 

Leaving  83,902  tons,  which  quantity  was  run  upon  a  plot  of  land  at  tho 
lower  part  of  the  farm  by  gravitation  and  simply  filtered,  during  periods 
when  it  could  not  be  put  on  the  farm,  owing  to  further  drainage-works 
being  in  progress. 

Prom  Table  111.  it  appears  that  the  380,227  tons  of  sewage  so  used  con- 
tained 21-0245  tuns  of  nitrogen,  and  that  the  total  amount  of  effluent  water 
running  from  the  subsoil-drains  during  the  twelve  months,  viz.  195,530  tons 
(of  which  52,406  tons  were  returned  to  the  tank,  and  repumped  with  the 
sewage  on  to  the  land,  and  the  remainder  discharged  into  the  river  Horn), 
contained  2*2430  tons  of  nitrogen,  or  approximately  one  tenth  part  of  that 
applied  in  the  sewage. 

It  must,  however,  be  remarked  that  the  figures  in  the  columns  marked*  are 
calculated  from  the  results  of  the  analyses  of  the  sewage  and  effluent  water 
during  the  corresponding  period  of  the  present  year  (1872),  as  the  method 
of  analysis  employed  before  July  1871  did  not  give  results  in  the  same 
denomination  as  that  now  used. 

The  total  amounts  of  nitrogen  in  the  sewage  and  effluent  water  respec- 
tively were  calculated  from  the  results  of  the  analyses  during  the  various 
periods  ;  and  the  absolute  averages  were,  for  the  sewage  5-529  parts,  and  for 
the  effluent  water  1-147  part  in  the  100,000. 

In  Table  IY.  will  be  found  a  detailed  description  of  the  crops,  arranged 
according  to  the  plots  into  which  the  farm  is  divided.  Tho  figures  in  columns 
III.,  VII.,  X.,  and  XI.  are  as  exact  as  possible,  but  tho.so  in  columns  VllL, 
IX.,  and  XII.  are  at  the  best  only  approximations.  The  figures  in  column 
VIII.,  from  which  those  in  columns  IX.  and  XII.  are  deduced,  profess  to 
represent  the  quantities  of  sewage  applied  during  the  twelve  months  to  the 
several  crops  and  plots  ;  but  it  is  obvious  that  with  the  means  at  the  disposal 
of  the  Committee  no  precise  measurements  of  these  quantities  could  be  ob- 
tained ;  for  to  gauge  the  quantities  of  sewage  applied  at  various  times  to 
twenty-four  plots  with  separate  (subdivisions,  each  having  its  own  conduit, 
would  require  a  preliminary  outlay  in  plant  estimated  at  ,£500,  and  the  con- 
stant services  of  four  additional  educated  assistants  at  probably  not  less  than 
;£250  a  year  each.  The  only  way,  therefore,  that  even  approximate  figures 
could  be  obtained  for  this  column  was  by  recording  the  number  of  acres  to 
which  the  measured  daily  total  quantity  of  sewage  wan  applied,  and  assuming 
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that  it  was  equally  distributed  over  those  acres — an  assumption  which, 
although  giving  a  fair  average  approximation  in  the  totals,  necessarily 
often  gives  fallacious  results  in  the  particular  instances,  because,  while 
some  portions  of  the  land  had  been  consolidated  by  previous  dressings  of 
sewage,  other  portions  sewaged  at  the  same  time  were  loose  and  hollow  from 
recent  cultivation,  and  therefore  absorbed  very  much  greater  quantities  of 
sewage. 

Table  V.  gives  a  summary  of  the  totals  of  Table  IV.,  and  in  addition  the 
approximate  estimates  of  nitrogen  corresponding  to  the  approximate  estimates 
of  sewage,  and  also  the  amounts  of  nitrogen  contained  in  the  various  crops, 
as  calculated  from  proportions  given  by  the  best  authorities.  In  all  cases, 
however,  the  grand  totals  may  be  relied  upon,  as  where  they  were  not 
obtained  by  actual  measurement  they  are  (as,  for  instance/in  the  case  of  the 
weights  of  crops)  the  ultimate  results  of  a  very  large  number  of  carefully 
obtained  averages. 

Table  VI.  is  also  a  summary  of  Table  IV.,  but  arranged  according  to  the 
crops  instead  of  according  to  the  plots.  It  will  be  at  once  seen,  from  the 
remarks  already  made,  that  the  separate  total  amounts  of  sewage,  and  there- 
fore of  nitrogen,  assigned  to  each  crop  are  much  less  reliable  than  the  cor- 
responding numbers  for  the  plots ;  but,  as  in  the  last  case,  the  grand  totals 
(which  are,  of  course,  identical  with  those  in  the  corresponding  columns  of 
the  previous  Table)  are  either  absolutely  correct  or  very  reliable. 

The  important  result  to  be  deduced  from  the  grand  totals  in  these  Tables 
is,  that  of  every  100  parts  of  nitrogen  distributed  over  the  farm  during  the 
twelve  months,  10-07  parts,  or  about  one  tenth,  were  found  in  the  effluent 
water;  41  -70,  or  approximately  four  tenths,  were  recovered  in  the  crops, 
making  together  about  half;  and  47'57  parts,  or  in  round  numbers  the 
other  half,  were  unaccounted  for.  Of  this  half  a  portion  must  have  remained 
in  the  soil ;  and  as  the  average  composition  of  the  soil  previously  to  the 
application  of  the  sewage  was  determined  by  the  Committee  (see  Second 
Report,  to  the  Meeting  at  Liverpool),  it  is  intended  to  determine  the  pro- 
portion of  this  unaccounted-for  nitrogen  which  actually  does  remain  in  the 
soil  at  various  depths. 

The  Committee  thinks  it  right  to  call  attention  prominently  to  the  fact  that 
the  above  proportions  (representing  the  manner  in  which  the  nitrogen  of  the 
sewage  was  ultimately  disposed  of  in  the  case  of  Breton's  Farm,  during  the 
twelve  months  to  which  the  Tables  refer)  are,  for  the  sewage  and  effluent 
water,  as  absolute  and  exact  as  accurate  gauging  and  careful  analysis  can 
make  them,  and  are,  for  the  crops,  calculated  by  means  of  the  most  reliable 
published  data ;  they  are,  moreover,  the  final  results  obtained  from  a  much 
greater  number  of  continuously  applied  observations  over  a  greater  area,  and 
with  a  much  greater  variety  of  crops,  than  have  ever  hitherto  been  scien- 
tifically made. 

The  two  main  results  of  practical  importance  which,  from  the  evidence  of 
the  observations,  may  be  accepted  as  generally  attainable  are  : — first,  that  less 
than  eleven  per  cent,  of  the  total  nitrogen  applied  to  the  land  escaped  in  the 
effluent  water,  and  of  that  only  a  fractional  percentage  in  an  organic  form  ; 
and,  secondly,  that  upwards  of  forty  per  cent,  was  actually  recovered  in  the 
crops  grown  upon  the  land — a  proportion  which  must  be  considered  highly 
satisfactory  (especially  when  the  extreme  porosity  of  the  soil  and  limited  area 
of  the  land  are  taken  into  account),  as  in  the  experiments  of  Messrs.  Lawes 
and  Gilbert  only  from  forty  to  sixty  per  cent,  of  the  nitrogen  applied  in 
solid  manures  was  recovered  in  the  crops  within  the  season  of  application. 
J872.  M 
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TABLE  I.— Breton's 

Statement  of  "Weekly  Quantities  of  Sewage  received  on  the  Farm,  of  Sewage  or 

Effluent  Water  escap- 

[Continued  from 


Number  of  weekly 
return. 

Pate  (inclusive). 

Arerage  noonday 
temperature  (air). 

b& 

I1 

Quantity  of  sewage 
delivered  to  the 
farm  from  the 
town. 

Average  tempera- 
ture thereof. 

Quantity  of  effluent  . 
water  flowing  out 
of  the  drains. 

SB. 

1871. 
July  16  to  July  22  

°R 

71 

in. 

galls. 

J  4OO  AOO 

64 

galls. 

8lA  7OO 

co. 

July  23  to  July  29  

66 

0*56 

1,760  ooo 

6-1 

806  ooo 

60. 

July  30  to  August  6 

60 

0*40 

I  CAn  600 

6rc 

674  600 

62. 
64. 

August  6  to  August  12   ... 
August  13  to  August  19... 
August  20  to  August  26  ... 
August  27  to  Sept.  2  
Sept.  3  to  Sept  9  

77 
75 
69-5 
72-5 
68 

0-85 

0'02 

1,462,500 
1,708,900 
1,560,400 
I,6lO,400 
I  752  400 

°3  5 
66-5 
67 
67 
66 
66*5 

670,200 

652,300 

617,500 

495,700 

61?!  IOO 

66. 

Sept.  10  to  Sept.  16  
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I   CIA  COO 

67 

80  1  ioo 

67. 
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C.Q 
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6A 
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68. 

Sept.  24  to  Sept.  30  

t\ 

rco 

2  620  50O 

"4 
60 

715,403 

8  1  8  200 

60. 

Oct.  1  to  Oct.  7   

C7 

21  1  A.  TOO 

60 

(partly  computed) 

70. 

Oct.  8  to  Oct.  14  
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60 
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t    ^  7  f   O.QO 

71. 

Oct.  15  to  Oct.  21  

58 

0*47 

I  870.2OO 

60 

J»2/5'9°° 

74. 

Oct.  22  to  Oct.  28  

t  \ 

o'lS 

t   ^QT  'JOO 

CO*  C 

71 

Oct.  29  to  NOT.  4  

40 

0*02 

59  5 

74. 

Nor.  6  to  Nov.  11    

43 

O'OC 

j  <c6  800 

59 

C7 

Nov.  12  to  NOT.  18  

O'Zl 

I  488  4OO 

C  C*  C 

915,9°° 

76. 

NOT.  19  to  NOT.  25  

l6 

O"O4 

I  AO2  I  OO 

55  5 

C1 

51,700 

11' 

NOT.  26  to  Dec.  2    

19 

O'lO 

I  C7<  OOO 

53 
c  re 

I 

78. 

Dec.  3  to  Dec.  9  

12*  C 

O'OI 

(computed) 

51  5 

CO 

79  • 

Dec.  10  to  Dee,  16  

AO 

O'OI 

I  <7O  COO 

5° 

569,500 

TOO  1.OO 

80. 

Dec.  17  to  Dec.  23  ..  .. 

41 

0-4.8 

I  643  600 

Co 

8<t  1  -5  DO 

81. 

Dec.  24  to  Dec.  30  

0*46 

I  846,600 

5° 

AO 

033,300 

SAC  100 

82. 
83. 

1871.        1872. 
Dec.  31  to  January  6  

Jan.  7  to  Jan.  13.   ..  . 

44 

AO'C 

0-8  1 

2,069,200 

49 
49 

AO 

963,400 

I  O27  COO 

(partly  computed) 
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Sewage-Farm. 

Diluted  Sewage  pumped  or  flowing  by  gravitation  on  to  the  Land,  and  of 
ing  from  the  Drains. 

last  Report.] 


tempera- 
aereof.  j 

°J||I«1 

fj 

eg  3 

Sewage  only. 

Effluent  water. 

fj 

1 

f*J 

P 

•5** 

iif 

AH 

1 

jit 

I 

g 

1         | 

Hf 

J 

°R 
59 
59 

galls. 
1,791,400 

2,050,900 

63  ' 
63 

•460 
'437 

galls. 
1,409,400 

1,760,000 

gal18. 
nil 

nil 

galk 
348,100 

389,900 

galls. 
476,600 

507,000 

galls, 
nil 

nil 

59 

1,983,100 

6r5 

-320 

1,549,600 

nil 

313,800 

320,800 

nil 

60 

1,926,300 

65 

•348 

1,351,800 

110,700 

601,900 

68,300 

nil 

62 

2,115,000 

66 

•308 

1,620,900 

88,000 

474,200 

178,100 

nil 

61 

1,756,100 

65-5 

'351 

1,560,400 

nil 

195,700 

421,800 

nil 

61 

1,481,500 

66 

'335 

1,034,200 

576,200 

435,300 

60,400 

nil 

60-5 

1,705,700 

66 

•370 

1,284,600 

467,800 

445,200 

92,400 

93,500 

61 

1,665,900 

66 

•481 

1,209,900 

304,600 

508,900 

238,400 

53,800 

60 

1,872,000 

63 

•382 

1,432,900 

263,800 

643,100 

53,200 

1  9,  i  oo 

58 

1,025,900 
(5  days  only) 

58 

797 

504,200 

2,116,300 

52,800 

541,500 

223,900 

57 

669,700 
(4  days  only) 

59 

1759 

871,100 

1,263,000 

114,800 

838,200 

225,000 

55*5 

2,003,800 

58 

•636 

1,657,300 

nil 

312,300 

963,600 

nil 

55 

1,940,000 
(7  days) 

59 

•688 

1,804,500 

65,700 

318,000 

990,900 

26,000 

54*5 

2,220,200 
(7  days) 

58 

'573 

1,792,300 

nil 

267,100 

1,005,700 

uil 

53 

2,011,100 

(7  days) 

57 

•583 

1,688,500 

50,200 

252,200 

916,300 

4,200 

5' 

1,794,100 

56     |    -510 

1,556,800 

nil 

207,800 

708,100 

nil 

48 

1,545,000 

54 

•422 

1,408,400 

80,000 

1  50,000 

494,900 

6,800 

46 
44 
44 

1,221,400 
(  5  days  only) 

nil 
1,239,900 

5* 

•586 

893,800 
nil 

1,257,500 

598,300 

1,575,000 
47,800 

110,300 
nil 
168,500 

544,700 
344,500 
364,200 

61,100 
175,000 
36,800 

48 

•419 

44 

1,608,500 

47'5 

•441 

1,534.5°° 

36,000 

113,400 

595,800 

nil 

44 

1,947,300 

48 

•428 

1,643,600 

nil 

251,200 

582,100 

nil 

44 

1,682,700 
(7  days) 

48 

•502 

1,496,600 

350,000 

242,600 

551,400 

Si,!" 

44 

1,898,500 

47 

*5°7 

1,604,300 

464,900 

262,800 

634,600 

66,000 



1,550,700 

47 

•663 

1,418,100 

962,300 

56,100 

818,900 

152,500 
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TABLE  I. 


Number  of  weekly 
return. 

Date  (inclusive). 

K 

11 

V  0> 

hc& 

gs 
gs 

«! 

Eainfall  during 
week. 

4j   H>  0, 
WtflpCj 

CB  4J  W 

S5fl 

'S'Sl 
£?S     . 
£  fc  a  a 

Pis 

O1 

is 

a  * 
Ss 
*-fl 

fi 
^ 

Quantity  of  eflfiuent 
vrater'flo^ing  out 
of  the  drams. 

84. 

1872. 
Jan.  14  to  Jan.  20  

°F, 

4,0 

in. 
o'6i 

galls. 

2,768  Cro 

op. 

AQ 

galls. 
837  600 

8<5. 

Jan.  21  to  Jan.  27  

44. 

0'04 

2.14.1  OOO 

d8'C 

(partly  computed) 
080*200 

86. 

Jan.  28  to  Feb  3 

l8 

O'OI 

2  14!  600 

AO'C 

(partly  computed) 
628  ooo 

87. 

Feb.  4  to  Feb.  10  

4° 
CO 

0'2I 

2  220  800 

4y  j 
?rc 

(partly  computed) 

72  C  OOO 

88, 

Feb  11  to  Feb.  17  

Ju 
xfi'C 

0*07 

2  Oo8  000 

C  i  'f 

(partly  computed) 

8  C7  oon 

go 

Feb  18  to  Feb  24 

4U  j 

AO 

Q'21 

J1  J 

Oj/»90° 
(partly  computed) 

oy. 

00. 

Feb,  25  to  March  2  

49 

Co 

0-08 

i  87  c  ooo 

52  5 

C2, 

802  800 

91. 
92. 

93- 
94. 

95- 
06. 

March  3  to  March  9   
March  10  to  March  10  

March  17  to  March  23  
March  24  to  March  30  

March  31  to  April  6  
April  7  to  April  13  

ju 

54 
49 

42 
48 

5i 

rg-p 

0'2I 
O'02 

°'55 

T22 

0'83 
0*04. 

1,992,100 
1,900,000 

(computed) 
2,113,800 

2,500,000 
(computed) 

2,350,000 
(partly  computed) 

2  0  JO  COO 

J-4 

55 
5* 

53 
5o'5 

5» 

C/l  '  C 

(partly  computed) 
821,100 

697,000 
(partly  computed) 

726,200 

700,000 
(computed) 

700,000 
(computed) 

97- 
98. 

QQ. 

April  14  to  April  20   
April  21  to  April  27   
April  28  to  May  4  

5°  J 

5»'5 
56 
60 

O'OI 
0-48 

0'O7 

(partly  computed) 
2,029,500 

2,041,700 
i  878  200 

54  5 

54 

55 
c6-c 

1,013,900 
1,429,600 

100. 

May  5  to  May  11  

Cl 

o'68 

2  026  200 

5°  5 

C7*  C 

i,773»2O° 

101. 

May  12  to  May  18  

j  3 

Cl 

1*77 

2  762  70O 

57  5 

C  C*  C 

102. 

May  19  to  May  25  

c.8 

0'04 

2.02C  4.00 

55  5 
<6 

i  284  700 

101. 

May  26  to  June  1  

64, 

O'lO 

I  QQO  OOO 

rg 

104. 

June  2  to  June  8  

eg 

oxo 

I  8  7  C  I  OO 

5° 
c8 

IOC. 

June  9  to  June  15  . 

6rc 

0*20 

I  78c  100 

5° 

880  ir\c\ 

106. 

June  16  to  June  22..   .  . 

U5  5 

7A 

O"2.7 

J  4.7  C  000 

59 

fi-7-r 

107. 

June  23  to  Juno  29  

6? 

02  5 
fil 

108. 

June  30  to  July  6   

71 

O'OO 

2,003,500 

°3 
fi/1 

109. 

July  7  to  July  13  

72 

u  uy 

ro8 

*>479'900 
i  618  100 

°4 
6c*c 

949,800 

D5  5 
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S3 

H'filfe 

2 

<S5t 

Sewage  only. 

Effluent  water. 

S.M 

£         ^rrt    ^^X 

aL 

£*! 

•    bv 

fi2 

A'tf  ft<  rt     2^ 

al 

'SSI 

"o-^fl 

fc 

•4^»  , 

!i 

IJP^i 

H  2 

111 

||S 

•fi 

2^  "S 

2&2 

la^flrSpJs 

1* 

i 

g~f 

i 

a 

a-| 

£3 

•4 

<S° 

^ 

£*  * 

I 

gs§, 
« 

1 

l\t 
|S. 

44 

galls. 
1,115,100 
(5  day  s  only) 

op 

46 

•751 

galls. 
1,052,400 

galls. 
1,316,100 

galls, 
nil 

galls. 
837,600 

galls, 
nil 

452,900 
(2  days  only) 

46-5 

2-184 

504,400 

1,837,500 

nil 

100,000 

889,200 

1 

45 

*>353>5oo 

49 

•464     1,346,000 

995,600 

nil 

47^.700 

155,300 

; 

1,596,000 

50-5 

'454     1,505,400 

724,400          nil 

675.900 

50,000 



1,930,000 

5° 

'445 

2,008,000 

nil 

161,100 

696,800 

nil 

45 

2,126,500 

5°'5 

•521 

1,725,600 

182,000 

172,500 

915,100 

19,400 

45 

23,000 
(i  day  only) 

nil 

1,875,000 

592,800 

nil 

210,000 

47 

1,790,900 

53'5 

•458 

1,642,100 

350,000 

173,700 

597,200 

50,200 

46 

nil 

ml 

1,900,000 

nil 

447,000 

250,000 

46 

1,990,100 

51 

•365 

1,803,800 

310,000 

220,300 

478,700 

27,200 

44,700 
(  i  day  only) 

95,000 

2,405,000 

10,500 

450,000 

239,500 

1  19,700 
(i  day  only) 

nil 

2,350,000 

nil 

450,000 

250,000 

48 

793,900 
(4  days  only) 

54 

•866 

1,029,500 

990,000 

71,300 

495,000 

121,100 

49 

2,258,700 

53 

'449 

2,029,500 

nil           229,200 

784.700 

nil 

49 

2,281,500 

54 

•627 

2,041,700 

nil       ,    207,300 

1,222,300 

nil 

50-5 

2,247,000 

56 

•789 

1,878,200 

nil 

328,900 

1,444,300 

nil 

5' 

2,185,400 

56 

742 

2,026,200 

nil 

215,300 

1,406,500 

nil 

5i 

2,778,200 

54 

•515     2,485,900 

276,800 

272,100 

1,132,300 

25,000 

52 

1,748,600 

56 

•734  '  1,553,700 

471,700 

159,000 

1,055,300 

70,000 

53 

2,052,400 

59 

•546     1,990,000 

nil 

198,300 

922,800 

nil 

54 

2,253,200 

57'5 

-625     1,875,100 

nil 

326,400 

1,082,000 

nil 

54'5 

1,789,200 

59 

•492 

1,515,700 

269,400 

222,900 

626,700 

31,100 

56 

2,399,100 

61-5 

'5'3 

1,475,000 

nil 

974,700 

185,200 

71,400 

58 

2,088,300 

62 

•438 

1,911,100 

92,400 

175,900 

738,900 

nil 

59 

1,400,000 
(5  days  only) 

63 

•678 

1,118,000 

361,900 

295,100 

611,900 

41,800 

59 

2,394,100 

64 

•519 

1,441,700 

176,600 

752,900 

473,000 

17,000 
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TABLE  n.— Breton's 

Statement  showing  results  of  analyses  for  Nitrogen  in  Sewage  as 

Kesults  given  in 


Sewage  as  pumped. 

s 

Nitrogen. 

1 

Dates. 

In  solution. 

TV»fal  in 

'9 

A« 

In  eras- 

solution 

1 

As  am- 
monia. 

Organic. 

nitrates 
and 
nitrites. 

Total. 

pension. 

and  sus- 
pension. 

1871. 

7- 

July  10  to  July  15 

4'33 

1-15 

5-48 

g 

July  24  to  July  29 

3-80 

0'4-C 

4'2S 

9- 

August  7  to  August  12  

•-9J 

.«, 

4'57 

0-87 

5'44 

August  21  to  August  26  .   .... 

2*C$ 

0*65 

V27 

o'oq 

4'22 

n. 

September  4  to  September  9   ... 

2-70 

0-53 

*'53 

576 

12. 

September  18  to  September  23... 

1-84 

1-41 

3*25 

no 

4'35 

October  2  to  October  7  

2'12 

2-62 

2-95 

14. 

October  16  to  October  21  

ro6 

3'49 

1-50 

4'99 

15- 

October  30  to  November  4  

1-66 

2*15 

3-8  1 

2-47 

6-28 

1  6. 

November  13  to  November  18  ... 

2-98 

2-28 

5-26 

i  '46 

672 

1872. 

»7- 

January  1  to  January  8 

2-17 

1-24 



3*4' 

i'64 

6-05 

18. 

January  22  to  January  27  

3'*5 

1-27 



4-42 

2'ftO 

6-62 

19. 

January  29  to  February  3   

2-51 

0-67 



3-18 

3-36 

6-54 

20 

March  18  to  March  23  

4'  54 

0-88 

5-42 

1*14 

6-56 

21* 

April  9  to  April  13  

3*426 

0*30 

37* 

2-67 

6-39 

22 

May  13  to  May  18  

1*96 

1*50 

3-12 

0-91 

4-03 

23. 

June  10  to  June  15  

1-88 

0-87 



*75 

1-27 

4-02 
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Sewage-Farm. 

pumped  and  Effluent  Drainage-water  from  July  1871  to  June  1872. 

parts  per  100,000. 


Drains. 

Effluent  drainage-water. 

Nitrogen. 

In  solution. 

Iusua~ 
pension. 

Total  in 

tolution 
and  an«- 
penaio*. 

As  am- 
monia. 

Organic. 

\8  nitrates 
and 
nitrites. 

Total 

fA  

2  '00 

0-84 
0-49 
trace 
174 

I'I2 

0*24 

I'22 
0*63 

!*53 
r86 
nil 
073 
076 

1-20 
I  'I  2 

1*04 

0'47 

o-6o 

3*03 

172 
1-27 
no 

°*53 
0-52 

0*38 

0*27 

0*05 

r6i 
1-46 

'74 
0*26 

0*77 

ewage. 

*'J9"| 
1-29  1 

0*87   " 
o-i3j 

••95, 
J'45  | 
0-42  J 

1-58, 
0-88  I 
1-71  J 

2*l6-v 

°'37  | 
0-97  J 

"''I 
1*39  > 

1-28  J 
«'3»| 

072    I 
0-82  J 

r»7i 
256 

2-18  J 

1-36-1 
0-85 

0*64  J 
0*65 

0*51 

0^266 

I7« 
1*70 
1*83 
0*60 
0-91 



Average 
I'll 

1*27 
1*39 
ri; 

1-27 

i 
0*95 

i 

1*67 

0-95 

0-65 
0-51 

0*266 

178 
1-70 
1*83 
0*60 
0*91 

B                

J    -"    

]C  

ID            

L  J    •  
rB  

0-0  1 

0-026 
o  004 
0-027 
0*083 
0-007 
0*019 
o-ioo* 
0*013 

O'JCO 
0'O20 
O'OO9 
0*032 

o-o49 
0-019 
0-046 

O-OI2 

o-oi  i 

'•     °*103 
0*109 
0-013 
0-045 

O'J  II 

0*165 
0*023 

0-138 

0-055 
0*044 
0*054 

*  Strong 

0*19 
0-31 
o'i8 

°'34 
0-18 
0*17 
0*28 
0*29 
0*24 
0-31 
0-17 
0-15 
0-25 

0'2I 
O*20 
O*2O 
0*83 
0'9O 
0*24 

0*23 

0*11 

0*236 

0*15 

O'22 

0-147 
0'12 

0*03 
0-30 
0*09 

smell  of  B 

jc  

ID  

f  B  

c    .......... 

ID  

(  B  

ic   ......  .  :\  : 

ID.;...;..  ..;  

rB  

(c    

ID:;:.;;..;  :.::..:.. 

,  B  

C  

ID  

,B  

c  

ID:....:.:.;:...:  :... 

f-Q      

c  :.....  ...  .  

ID 

Average  three  drains  

Average  three  drains 

Average  three  drains  

No  samples  taken. 
Average  three  drains  

Average  three  drains  

Average  three  drains  

Average  five  drains   

Average  five  drains   
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TABLE  III. — BretorCs  Sewage-Farm. 

Statement  showing  the  Monthly  Quantities  of  Sewage  distributed  and  Nitro- 
gen contained  therein,  and  of  Effluent  Water  discharged  and  Nitrogen 
contained  therein,  for  the  period  from  March  25,  1871,  to  March  24, 1872. 


Bates  (inclusive). 

Sewage  (or  diluted  sewage) 
pumped. 

Effluent  water. 

Quantity. 

Nitrogen 
per  100,000 
tons. 

Total 
Nitrogen. 

Quantity. 

Nitrogen 
per  100,000 
tons. 

Total 
Nitro- 
gen. 

1871. 

tons. 

tons. 

tons. 

tons. 

tons. 

tons. 

March  25  to  April  24    ... 
April  25  to  May  24. 

24,059 
37.^54 
39>OI7 
31,809 
39,862 

6-48 
5-21 

4'03 

5'35 
4-63 

1-5590 

I-9357 

1-5724 
17018 
1-8456 

1  5,404 
18,092 

'6>335 
16,319 
13,604 

r76 

I"2I 

-76 
1-33 
1-28 

•2711 
-2189 
•1241 

•2170 
•1741 

May  25  to  June  24    
June  2  5  to  July  24    

July  25  to  August  24    ... 

August  25  to  Sept.  24    ... 
Sept.  2  5  to  Oct.  24     .... 

37,424 
37>684 

34>985 
*i»954 

478 
5*30 

6-50 
6-38 

1-7889 
1-9973 

2-2740 
1-4007 

12,931 

22,578 

(partly 
computed) 
18,194 

12,649 

JI3 
I'30 

0-58 
0'39 

-1461 
•2935 

•1055 
•0493 

Oct.  25  to  Nov.  24  

Nov.  25  to  Dec.  24    

Dec.  25  to  Jan.  24  (1872) 

28,231 

6-35 

17926 

(partly 
computed) 
18,444 

0*56 

•1033 

1872. 
Jan.  25  to  Feb.  24  

31,168 
16,880 

6-58 
6-55 

2-0509 
1-1056 

(partly 
computed) 
16,732 

14,254 

1-78 
J-70 

•2978 
•2423 

Feb.  25  to  March  24  

380,227 

average 
5-5*9 

21-0245 

»95»536 

average 
1-147 

2-2430 

The  proportion  of  nitrogen  escaping  in  the  effluent  water  to    the  total 
quantity  applied  is  therefore  -1067,  or  about  ^. 
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Tho  succeeding  Tables,  N"os.  IV.  to  YL,  show  the  relations  between  the 
amount  and  composition  of  the  Sewage  applied  to  the  land  during  the  twelve 
months  under  review  (the  amount  given  as  applied  to  each  plot  being  neces- 
sarily, at  the  best,  only  an  approximation) — the  amount  of  the  various  Crops, 
as  estimated  from  the  weight  of  average  samples,  and  their  composition  as  far 
as  it  could  bo  ascertained  from  the  most  reliable  data,  viz.  tables  furnished 
by  Messrs.  Lawes  and  Gilbert,  and  those  published  in  the  Second  Report  of 
the  Sewage  of  Towns1  Commission — and  the  amount  and  composition  of  the 
effluent  water. 

Tables  V.  and  VI.  also  show  the  amount  of  nitrogen  unaccounted  for, 
which  either  remains  in  the  soil  or  has  partly  drained  away  into  deep  subsoil*- 
waters. 
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REPORT— -1872. 


TABLE  IV.-- Breton's 

Statement  showing  Sewage  applied  and  Crops  grown 


'  Description. 

I. 

II. 

III. 

IV. 

V. 

VI. 

riot. 

No.  of  beds'  Con- 
(inclusive),  tents. 

Crop. 

Date  when  sown  or 
planted. 

Date  when  cut  or 
gathered. 

A 

» 

M 
5) 
» 

» 

i  to  29 

M        J» 

i  to  18 

19    „    20 
21    ,,    26 
27    »    29 

I     „     29 

acres. 
9-8 

57 

0-8 

n 

ro 

9-8 

Cabbages  and  greens 
Cauliflower  and  broc- 
coli-plants. 

Savoys  

Get.  1870  

May  to  Aug.  1871  1 
July  1871       J 

Fob.  ami  March  18  72 
Oct.  1871  

April  1871    

Aug.     ,  

Cabbn  go-plants    
Cabbacrcs 

„      
Juno             .,      ... 

(  'aulillowops  and  vege- 
table marrows  
Fallow           

Aug.  to  Oct.  1871  ,. 

Total  A 

All.           9-8 

JB 

»> 

Total  B 

I  to  20 
21    „    26 

9  ,,  26 
i  „    8 

9*5 

26 
8-25 

3-87 

Italian  rye-grass  
Potatoes   

fpnrt  April  1870  } 
\  part  Sept.      „     V 
|  ptirt  March  1871  J 
March  1871  
Oct.         „    

April  to  OctiSyi... 
Oct.  1871  

Cabbages  

Italian  rye-grass  

f  part  Sept.  1870  j 
[part  Mar.  1871    J 

I2'I 

c 

All. 
» 

ro 
2'0 

June  1871  

Oct.  1871    

Fallow 

Total  C 

All. 

2'0 

D 

All, 
M 

6-9 

6-9 

Potatoes   

April  1871    
Sept,     „      

July  to  Sept.  1871.. 
Deo.  to  March  1872 

Hardy  greens  

Total  D 

All. 

6-9 



The  figures  ii\  columns  marked  tint*  ({*)  are  to  be  considered 
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Sewage-Farm. 

from  March  25,  1871,  to  March  24,  1872. 


Approximate  estimate  of 
sewage  applied. 

Produce. 

VII. 

VIII. 

IX. 

X,          XI. 

XII. 

Remarks, 

Sewage 

No.  of 

applied 

dress- 

Total. 

Per  acre. 

Total.     Per  acre.  p0r  ton  of 

ings. 

produce. 

*                                   i       * 

tons. 

tons.         tons.        tons. 

tons. 

(One  quarter  only  of  this  crop  was 

j 

|      sold.    It  recened  four  dressings  oi 

4 

6>433    ''       656     (35t6^l36*53 

17-9 

j      sc\\age  previous  to  March  137*1,  be* 

I         j  3"    ' 

j      ing   about    the   same   quantity   as 

I 

here    stated.      The    small     plants 

i 

computed  1o  weigh  \  oz.  each. 

7     '  13,720 

2.407         93*48  '     J6'39    !     1467    'This  crop,   \\ith  the   exception   of   1*7 

i 

ton,  vas  consumed  by  cattle  on  the 

farm. 

i 

356 

444 

115-48       19*35 

23-0 

Plants  computed  to  weigh  £  oz.  each. 

6 

4,212 

1,831     1        52'2I          2270 

807 

7 

1,942 

1,942 

6'53         6-53 

297-4 

This  sewage  was  applied  to  the  fallow, 

1 

Dec.  1871  to  Feb.  1872. 

36,226 

3>697 

525-72       53-60          68-9 

This  grass  received  a  large  quantity 

39,012 

4,106 

451-20       47-5 

864 

s    of  sewage  (nearly  as  much  as  is  here 

i 

i  [    stated)  previous  to  March  25th,  1871. 

2 

1.033 

397 

5-15  |       1-98 

200'0 

2 

8,1:77 

I  OCO 

...         ...         This  crop  received  no  more  sewage,  and 

wan  cropped  May  and  June  1872. 

I 

1,108 

286 

i  ('There  was  no  cutting  of  this  grass 
{     previous  to  March  25th,  1872. 

... 

49-  7  3° 

4,110 

4-6  35  !     377          1  08*9    There  was  a  standing  crop  of  cabbage 

|                                   at  the  end  of  the  year. 

1 

i               i 

5,062 

2  <1I 

68-31       34-15    !      74-1 

20,328       10,164 

i  Applied  Nov.  1871  to  March  5th,  1872. 

... 

25,390 

12,695         68*31       34*15        3717    Tt  will  be  seen  that  the  greater  part  o 

i     this  sewace  vent  on  the  fallow.     Onli 

1                                                                        cultivated  four  months. 

4 

7.703' 

!       I,Il6  ' 

*3'4°  i 

3-40 

329-2 

4 

1  1,502 

i     1,667 

61-24  i 

8-88    ' 

187-8 

<  «  • 

19,205' 

1,783         84-64  i 

12-27  ; 

226-9 

* 

1 
i       *       '               i 

* 

only  as  approximations,  for  reasons  stated  in  the  Report, 
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KBPOKT— - 1872. 


TABLE  IV, 


Description 

I. 

II, 

III. 

IV. 

V. 

VI. 

Plot. 

No.  of  beds 
(inclusive). 

Con- 
tents. 

Crop. 

Date  when  «own  or 
planted. 

i 

Date  when  cut  or 
gathered. 

E 

i  to  6 

acres. 
1  7 

Onions  

April  1871 

Oct  1871 

)) 

7 

0"? 

Sept 

March  1872 

» 

8  to  ii 

ri 

{Hardy  greens  

[Sept.    „      

j 

Savoy-plants  
(Cabbages  

J      1 

)     T     1 

M 
|) 

12  and  13 
14  to  22 

°'S 

2'2 

Cabbage-plants    .  .  . 
Strawberries  

j  J«ly   ,  

Autumn  1870 

Get.  to  Dec.  1871  ... 
July  1871                .  ' 

)J 

i  „  13 

3-6 

Fallow  

Total  E 

5'8 

F 

i  to    3 

0-64 

Potatoes   

March  1871  

Sept.  1871  

i) 

jt 
» 

H 
|) 

4  n   H 

J5  »  18 

*  n     3 

4  »  H 

2'33 

0-85 
0-64 

2-33 

Cabbugos  

Carrots  
Cabbages  

Hardy     greens     and 
cauliflowers. 

Fallow   .  . 

Oct.  1870  

March  1871  
Sept.       „     

July  and  Aug.  1871 

May  to  Aug.  1871  .. 

Aug.  to  Oct.     „    ..  i 
March  1872  

Sept,   1871  to  Feb. 
1872. 

Total  F 

3-82 

*  The  figures  in  columns  marked  thus  (*)  are  to  be  considered 
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(continued). 


Approximate  estimate  of 
sewage  applied. 

Produce. 

Remarks. 

1  •  •    •    • 
VII. 

VIII. 

IX. 

X.           XI, 

XII. 

No.  of 
dress- 
ings. 

Total. 

* 

Per  aero. 
* 

Total.     Per  acre. 

Sewage 
applied 
per  ton  ot 
produce. 
* 

tons. 

2I2'I 

9 

tons. 
5,690 

tons. 
jj>47 

tons.         tons. 
26-83       J5'78 

9 

9*5 

3283 

4'53       *5'J° 

2I7-4     j 

10 

4,110 

3736 

{'!-3j}"-» 

144-0 

f  About  one  tenth  only  of  the  greens 
was  bunched  for  market.     The  re- 
maining nine  tenths  were  consumed 
by  cattle  on  the  farm. 

6 

2 

1,643 

742 

6,670 

3286 
337 

1853 

{  "'20  J  32'9°        ioo-o 

i 

1  One  half  only  of  the  cabbages   was 
\     hold;  the  remainder  ploughed  in. 

The  strawberries  received  279   tons  of 
sewage*  pm  ii.iis  to  ^larch  1871.     The 
])lants   remain  in   the  ground.     The 
yield  W.IP  thirty  punnets  only. 

Applied  Dec.  1871  to  March  1872. 

19,840 

3421 

76-34       13-16 

259-9  % 

3 

397 

620 

i 

1-71  !    2-67 

2^2-0 

8 

3.304 

1418 

98-64     42-33 

33*5    Three  quarters  of  this  crop  was  ploughed 
'     in,  th'TC  being  no  gale  for  it. 

4  to  5 

1,318 

'551 

10-45     12-29 

126-1 

2 
2  to  4 

559 
2,532 
2,218 

873 
1087 

6-75   :     10-54 
24'2o       10'39 

82-8 
64-6 

One  half  of  this  crop  was  ploughed  in, 
there  being  no  wile  for  it 

Applied  Nov.  1871  to  Feb.  1872. 

... 

10,328 

2704 

14175       37-11 

7rl 

* 

* 

* 

only  as  approximations,  for  reasons  stated  in  the  Eeport. 
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REPORT— 1872, 


TABLE  IV. 


Description 

I. 

II. 

III. 

IV. 

V. 

VI. 

Plot. 

No.  of  beds 
(inclusive). 

Con- 
tents, 

Crop. 

Date  when  sown  or 
planted. 

Date  when  cut  or 
gathered. 

0 

2  and  3 

I  7 

acres. 

0-47 
0*2.  •? 

Cabbages  
Parsley     

Oct.  1870  
April  1871         ..... 

May  to  July  1871  ., 

*7 
18 

o  43 

O'2l 

i 

O"L'l 

March  1871   

Sept.  1871  

i  o  and  1  1 

o  ^3 

0'A7 

" 

A  to  Q 

I  'A.  I 

Aug.     ,,   

12  to  J  3 

O'A7 

Clover  

May 

0'2A 

July  to  Sent.  1871  . 

15  and  1  6 

o'47 

Lettuce  

Aug.  1871  

I  Q 

O'2A 

Cauliflowers  

July        ,,      

Oct.     

2O  to  22 

0"7l 

Spinach    

April  and  May  1871 

May  and  June  1871 

( 

3>  i7t  20> 

1  ri8 

Cauliflowers     

July  1871  

Aug.  to  Oct.  1871 

"  I 

21  and  22 
i  And  2 

O'A7 

Sept..     „    

March  1872  .    .    .. 

" 

A  to  o 

I  'A  I 

Aug.     „    

jo  find  1  1 

O"A7 

Cabbages  

Sept.     ,,    

March  1872  

" 

1  2 

O'21 

" 

1  3  and  1  4 

0'A7 

Hardy  gredns  

Oct.      „    

"         " 

„ 

15    „    16 

3  &  1  7  to  20 

0'47 
I  '6j. 

Spinach  
Fallow  

Aug.     „   

Jan.  1872  

" 

Total  G- 

r'i7 

H 

i  to  24 

6'A 

Onions  

March  1871  

July  to  Oct.  1871.. 

I    ..    2A 

6  -A 

Sept.       ,  

Total  II 

6-4 




I 

i  to    i 

I'JI 

Potatoes   

March  1871  

Sept.  1871 

I) 

4  »    9 
10  „  18 

227 

3'Z9 

Cabbage    
Carrots     

Oct.  1870  
March  1871  

May  to  Aug.  1871  .. 
Sept.  1871. 

I    ..      7 

ni 

Hardy  greens  

» 

4  „    9 
10  „  18 

2-2-7 
<?'20 

Ditto  and  cauliflowers 
Cabbages  

July  and  Aug.  1871 
Sept.  and  Oct.    ,, 

Sept.  1871  to  Feb. 
1872. 

Total  I 

6-67 

..      • 

The  figures  in  columns  marked  thus  (*)  are  to  be  considered 
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Approximate  estimate  of 
sewage  applied. 

Produce.  * 

VII. 

VIII. 

IX. 

X. 

XI. 

XII. 

Remarks. 

No.  of 

dress- 

Total 

Per  acre. 

Total 

Per  acre. 

Sewagn 
applied 
per  ton  of 

ings. 

* 

* 

produce. 

* 

tons. 

tons. 

tons. 

tons. 

tons. 

5 
i 

759 

100 

1615 

4.74. 

4-29 

9-13 

176-9 

This  crop  was  ploughed  in.    Quantity 

not  ascertained. 

2 

J63 

709 

6-00 

26-10 

27-2 

Part  of  the  plants  was  transplanted  ; 
the  remainder  was  pulled  for  cattle.! 

3 

211 

9*7 

0-27 

1-19 

781-0 

5 

928 

1974 

10-65 

22*67 

87-1 

4,050 

2872 

0-22 

4-41 

651-1 

i 

162 

345 

4'*3 

9-00 

38-3    'This  crop  was  cut  only  once,  and  then 

ploughed  in. 

6 

5 

526 
983 

2192 
2092 

0*56 
0-30 

2'34 
o  64 

939'3 
3277-0   .Only  one  quarter  of  this  crop  was  sold; 
the  remainder  consumed  by  cattle. 

5 

443 

1845 

0*56 

2'34 

791-0 

5 

1,263 

1779 

1-23 

1-73 

1318-0    One  third  of  this  crop  was  sold;  the' 

i     remainder  consumed    by    cattle    on 

farm. 

i                                                                    ! 

4 

M77 

2099           2'24 

1-90 

1  104-0 

1 

5 
i 

926 

802 

1970 

2-13 

4'53 

434-1                                                                        i 
Thi«  crop  remained  in  the  ground  till 

;     May  1872.                                           i 

5 

1,126    1     2396 

4-30 

9-17 

261-6                                               ; 

6 

590 

2Cfif> 

16-05    j     159-9                                                                   ' 

6 

1,109         2160 

1                .This  crop  received  no  more  sewage,  and 

i                    was  gathered  May  1872. 

i 

247   i      525 

i  -02 

r6o        329-3    i 

i 

C.IoS            o  i  -rn 

;                '  A  nnlied  from  October  to  Februarv. 

.      ...._       _  .    _  _     __        _-     ._.     i 

22,O72           4269 

4769 

1       917        462  8 

|  6  to  7  |  14,011; 

2190 

136-47 

21  32         102-7                                                                     , 

;about2     6.787 

O()8 

! 

commenced  cutting  April  1872. 

... 

20,402 

3l88 

136-47 

21-32 

149-4    Standing  erup  at  the  end  of  the  year. 

2 

708 

6^8 

V41 

3°7 

207  6 

10 

5,7*4 

2521 

iio-io 

48-50 

52-0 

Only  one  quarter  of  this  crop  was  sold  , 
the  remainder  ploughed  in. 

8 

7<°44 

2T4I 

47-03 

14-30 

149*8    | 

4 

1,758 

1584 

This  erop  revived  no  more  sewage,  and 
was  gathered  in  the  summer  of  1872. 

7 

4,612 

2032 

27-31 

12*04 

168-9 

2 

2,691 

818 

(This  crop  received  no  more  sewage,  and 
1    was  gathered  April  1872. 

... 

2a'J>37   j    3379    i    187-85 

28*16   1    120-0    Standing  crop  at  the  end  of  the  year. 

pnly  as  approximations,  for  reasons  stated  in  the  Report, 
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TABIB  IV. 


Description. 

' 

1 

1 

I 

II. 

Ill, 

IV. 

V. 

VI. 

Plot 

No.  of  beds  j 
inclusive.) 

Con- 
tents. 

Crop. 

Date  when  sown  or 
planted. 

Date  when  cut  or 
gathered. 

K 

)» 

All. 
M 

acres. 
4-40 

3-66 

Cabbages  
Hardy  greens  

Nov.  1870  
Sept.  1871  

June  to  Aug.  1871.. 
March  1872  

Total  K 

averago 
4^3 



M 
)> 

All, 

>» 

356J 

3*'7 

March  1871  
Get  „ 

Aug.  to  Oct.  1871... 

Cabbatres 

Total  M 

average 
3-36 

N 

» 

» 

I  to  4  and 
9  to  16 

i  to  6  and 
9  to  16 
7  and  8 

3-12 

,63 

0-52 

Cabbage    

Hardy    greens     and 
cauliflowers. 
Broccoli 

Oct.  1870  
May  to  July  1871  .. 

July  1871 

May  to  July  1871",. 
Nov.  and  Dee.  1871 

Total  N 

4'I5 

0 
j» 

All. 
n 

5'92 
5-92 

Italian  rye-grass  
Cabbages  

Sept.  1870  
July  1871  

April  to  July  1871.. 
Feb.  1872  

Total  0 

5-92 

P 

»! 
l» 

J> 

Part. 
n 
M 

All. 

i'45 
r6 
0-45 

3'5 

Potatoes   

April  1871  
May  ,  
June  1871.,  

Sept.  1871  
Aug.  to  Oct.  1871... 
Oct.  1871  

Savoys        .     ... 

Fallow  

Total  P 

3'5 

The  figures  in  columns  marked  thus  (*)  are  to  bo  considered 
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(continued). 


Approximate  csumaio  01 
eewage  applied. 

Produce. 

VII. 

VIII. 

IX. 

X. 

xr. 

No.  of 
dress- 

Total. 

Per  acre. 

Total. 

ings. 

* 

* 

tons. 

tons. 

tons. 

tons. 

10 

10,300 

2341 

I9rj7 

437* 

i 

XII. 

i  Sewage 
I  applied 


I  prodi 


tons. 


Remark*. 


8,876   I    2425    I     45-00  |    12-30 


I 


19,176  i  4758   237-37 


53-2  Only  one  quarter  of  this  crop  was; 
i  Fold ;  Ihe  remainder  ploughed  m.  Itj 
j  re<vived  2636  tons  oi  se\\age  betwecni 
|  >ov.  1870  and  March  1871.  | 

197-2    Only  one  tenth  of  this  crop  was  sold; 
the  remainder  ploughed  in.  I 

i-  -  ( 

80  8    'The  acreage  of  this  plot  has  been  altered. 


5  to  6 
3 


7,559 


2123 
1386 


57-18 


16*05 


11,953  !  3557    57'iS   17-01 

i 


This  crop  nvehed  more  sewage,  and  vras 
fathered  Ma)  and  Juno  1872. 


209-0  Standing  crop  at  the  end  of  the  year 
:  The  acreage  of  this  plot  has  been 
i  altered.  


about  8 


about  6 


6,798    !    2179 


9,683        2738 

i 
2,194   |    4219 

13.543 


166-81        53*46 


55'53  i 


40-7  One  quarter  only  of  this  crop  was  sold  ; 
|  the  remainder  ploughed  in.  The, 
|  crop  recciuxl  3718  tons  of  eewage 
j  preuous  to  March  25,  1871. 


Tl)is  crop  received  nn  more  sewage,  and 
\\asfrathercdApiil  1872. 
pplied  Doc.  1871  to  March  1872. 


32,218    I     7763     I    222-34  '    53-57    ;     144-9    i 


10 
5 


9,936       1678 
9,599   i    1621 


117-18       19-80 
141-03      23-82 


84  8  Tins  crop  received  nearly  10,000  tons  of 
j  se\\agc  preMOUs  to  March  25,  1871.' 

(jg- j  Onh  half  this  crop  was  ?old:  the  re- 
|  niainder  coupumcd  by  eattle  on  the 
!  farm.  | 


75-6 


4,096 

1,074 


9,249 


852 
2560 
2387 


2643 
4473 


1-875!      l  29 
1-45  ,      0-90 

2034      45-21 


660-4   I 

2824-9  | 

52-8     One  third  of  this  crop  was  sold ;  twoj 

thirds   conMinuxl   by  eattle  on  the! 

farm. 

Applied  Oct.  1871  to  Feb.  1872. 


23-665       6-76 


661-5 
* 


only  as  approximations,  for  reasons  stated  in  the  Report. 
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BJ5PQRT— 1872, 


TABLE  IV. 


Desciption 

I. 

II. 

III. 

IV. 

V. 

VI. 

Plot. 

No.  of  beds 
(inclusive). 

Con- 
tents. 

Crop. 

Date  when  sown  or 
planted. 

Date  when  cut  or 
gathered. 

Q 

Part. 

acres. 
0*4.7 

April  1871     

Nov.  1871  

O'2I 

Beet  -root  

Oct.  to  Nov  1871... 

»» 

>i 

075 

O'2I 

Hardy  greens  

Aug.      ,,       
Mav       „       

Dec.  1871  
Nov.     „     

" 

Total  Q 

I  '60 

E 

J  to    7 

8    „    20 

o'Qo 
1-62 

Oats  

April  1871    

Aug.  1871  
Dec  

" 

i  tt    7 

•QO 

Hardy  greens  

Sept.      ,, 

Dec.  1871  and  Jan. 

1872. 

Total  B 

s 

Part. 

O'77 

Cabba«rys  

July  1871      

Oct.  1871  

T 

All. 

0'34 

°'34 

Potatoes    
Cabbages  

April  1871    
Sept.      „       

Sept.  1871  
March  1872  

** 

1 

Total  T 

O"JA 

U 

Part. 

2*03 

Jfardy  <rreen  plants.. 

April  1871     

Aui£.  and  Sept  1871 

>» 

All. 

0-50 

2'C7 

Peas  
Sproutin<r  broccoli  ... 

July       „    .   
Oct        ,        

Sept.  1871  

Total  U 

2  <7 

v 

Part. 

I-76 

Mangold  

May  1871  

1  Xov   1871 

0*36 

C'auliilowers     

June     ,,    

Aug.    1871    to   Jan. 

O'CO 

White  broccoli     .  .  . 

1872. 

O'26 

May     „     

i  Xov.  and  Dec.  1871 

" 

" 

2'OO 

Oct.     „     

11 

Fallow  

Total  V 

4/4.8 




W 

Part. 

I'O 

Hardy  green  plants. 

April  1871     

'  Aug.  and  Sept.  1871 

All. 

TO 

Fallow  

j 

" 

Total  W 

I'O 



X 

All. 

3-86 

Savoys  

Aug.  1871  

Jan.  to  March  1872 

Y 

All. 

c6 

Hay  

Permanent  grass  ... 

Permanent  grass 

*  The  figures  in  columns  marked  thus  (*)  are  to  be  considered 
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(continued). 


Approximate  estimate  of 
aewago  applied. 

Produce. 

Remarks. 

VII. 

VIII. 

IX. 

X. 

XI. 

XII. 

Sewage 
applied 
per  ton  of 

produce,  i 
* 

tons. 

;$ 

6i6'9 

1174-7 

No.  of 
dress- 
ings. 

Total. 

* 

Per  acre. 

* 

Total. 

Per  acre. 

7 
5 
5 

3 

tons. 

1.595 

1,207 

1,871 
881 

tons. 
3709 

5748 
2495 

4195 

tons. 

7'45 

2'IO 

3'°3 

075 

tons. 

I7-33 

10-00 

4-04 
3-57 

5.554 

3471 

I3-33 

833 

416-7 

i 
4 
3 

450          500 
2,328        1437 
2,066        2296 

t3'oo 
12*50 
374 

3-33 

7-71 

4-25 

j  50-0     f  Xliih  weight  includes  straw  2*25  tons. 
186  2    i 
497-2 

...     I    4,844        1922 

19-24 

7-63 

251-7 

I       I             70              211 

265 

8-05 

264 

nil 

nil 

2'1O 
0*96 

6-18 
2-82 

.!'.!.       |  These  crops  received  no  sewage. 

nil 

3  06 

900 

Xo  sewage  applied. 

nil 

3 

17 

nil           ..    . 

655         1310 
5,797        2292 

17-86 

•0-87 

SSo 
1  74 

7529 

The-t1  j)lantt»   rcc(M\e<l  no  stowage,   and 
«cre  replanti-tl  on  the  farm. 

Thin  crop  received  no  more  sewage,  and 
vw  pithered  April   1872,    yielding 
13-40  tons. 

... 

6,452        2550 

1873 

7-40 

344'4 

1 

S 
S 

7 
i 

2 

1,873 
i,8iz 

2,126 

832 
2,053 
1,850 

1429 

5°33 

4252 

3200 

1027 

22  So 

o  90 

16-76 

2-50 

8rx 

2013-5 

This  crop  received  no  more  sewage,  and 
was  gathered  April    1872,  yielding 
2*91  tons. 

This  crop  commenced  cutting  May  1872. 
Applied  Jan.  1872. 

3'73 

H'37 

222-7 

10,546 

2354 

27-43 

6  12 

384'4                                                                       i 

3 

55*   |      552 
8,345        2782 

8-92 

8-92 

61-9 

The^p  plants  transplanted  to  other  parts 
of  the  farm. 

8,897        2966 

8-92 

2-98 

997'5 

7 

2.773 

718 

759 

19  66 

36-5 

Only  one  tenth  of  this  crop  was  sold;; 
the  remainder  carted  to  cattle. 

ubt.  12 

16,825 

* 

3004 

* 

21-3 

;   3'8 

!  7*9-9 

The  grass  remains. 

only  us  approximations,  for  reasons  slated  ill  the  Report. 
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TABLE  V,— 
Summary  for  the  Year  ending  March  24,  1872,  showing  the  Nitrogen  applied 


Description. 

Prod 

Plot, 

Contents. 

Crop. 

Total. 

\ 

acres. 
q-8o 

tons. 
52572 

]} 

12*10 

Italian  rvC'ffra^s  and  potatoes 

A.f.6"i  C 

C 

2*00 

Cabbage  

68-31 

]) 

6*00 

Potatoes  and  hardy  greens            .  •  .  . 

84-64. 

E 

5-80 

{Onions,  savo)8,  hardy  greens,  cabbage,  and  ) 

?6'34 

F 

G 

3-82 
5*'7 

Potatoes,  carrots,  cabbage,  and  hardy  greens 

f  Cabbage,  brussels  sprouts,  beans,  onions,  1 
•I      carrots,    clover,    cauliflowers,    lettuce, 
1      spinach,  and  hardy  greens  J 

141-75 
47-69 

Tf 

6*4.0 

Onions  

136  47 

I 

6-67 

f  Potatoes,  cabbage,  carrots,  hardy  greens,  1 
1      and  cauliflowers    J 

187-85 

TT 

A'OI 

Cabbage  and  hardy  greens  

i 
2V17    ! 

M 

r*6 

Onions         

57-18 

N 

4'J5 

f  Cabbage,  hardy  greens,  cauliflowers,  and  1 
1     broccoli  J 

222-34 

0 

C'Q2 

2<;8-2i 

P 

Q 

E 

3'5° 

r6o 

2'?2 

Potatoes,  scarlet  beans,  and  savoys  
Mangold,  beet-root,  hardy  greens,  and  carrots 
Oat^  parsnip^  and  hardy  greens  .              •  • 

23-665  I 
J3'33 

IQ'24.     ' 

s 

*3T 

2'65 

rp 

'24. 

Potatoes  and  cabbage 

3*06 

TT 

2'<1 

Hardy  green  plants  and  peas    

18-73 

V 

4*48 

Mangold,  cauliflowers,  and  cabbage  

27^3 

w 

TOO 

8-Q2 

X 

3'86 

Savoys  

75'9° 

Y 

5-60 

f  Hay  (equal  to  four  and  a  half  times  this  | 
{     quantity  when  green)  J 

21-30 

103-88 

2714-445 

Pro 
Total. 

i                     Approximate  estimate  of 
sewage  applied. 

Per  acre. 

Total. 

P(>r 

acre. 

i 

Per  ton 

ofjiro- 
ducn.    I 

I 

* 

* 

tons. 
5*574 

tons. 
53-64 

tons). 
36,226 

tons. 

3.697 

tons. 

69  : 

456'35 

3771 

49>730 

4,110 

109 

68-31 

34-15        25,390 

12,695 

372 

84-64 

12-27    I    19,205 

2.783 

227 

?6'34 

13-16 

19,840 

342J 

260 

141-75 

37'n 

10,328 

2,704 

73     | 

47-69 

9-23 

22,072 

4,269 

463  ; 

i3647 

21-32 

20,402 

3,'W 

149  | 

187-85 

28-16 

21,537 

3.379 

120 

237-37   j    589° 

19,176 

4>75* 

81 

57-18        17-01 

j 

IT»953 

3'557 

209 

"2-34       53-57 

32,218    7,763 

145 

258-21        43-62 

*9'535    3^99        7$ 

23-6651      6-76       15,654   4,473      662 

>3'33          8-33         5,554    3,47»      417 

19-24   !      7-63        4,844'   1,922  (    252 

2-65    (      8-05             70       2ii\      26 

3  -06         9-00        nil     ;    nil    !     nil 

18-73 
27'43 

7-40         6,452 
6-12   i    10,546 

|  *>55°      344 
2.354      384 

8-92 

2-98 

8,897 

2,966 

997 

75-90 

19-66 

2,773 

7iS 

37 

21-30 

3-80 

16,825 

3,004 

!    79° 

2714-445 

26-13 

380,12^ 

r!    3,660       140     , 

*  The  figures  in  columns  marked  thus  (#)  are  to  be  considered  only  as  approximations 
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.Approximate  estimate  of  nitrogen. 


Quantity  applied. 


Difference  (in  soil,       Calculated  to  be  in     Not  accounted  for  (in  soil,  ! 
crops,  &c.).  ,  crops.  j        and  drained  away).        ( 


I 

a 
t-l 

£ 
HH. 


Per  cent. 


I 

£ 

P 

•ill  i 
I?!  £ 

a 

u, 

£ 

PM 

*     5  'I 

1  ,i  i 

i  1 

11)8. 

IbT 

,    Ibs. 

Ibfl.  i     Ibs. 

IbH. 

11.8. 

l»m.    '  Ibs.  !  ]] 

H.        Ibs. 

,    4486 

458 

8-5 

479;   4,007 

409 

7*6 

2,944  300     5 

6,     1,063 

6,159 

509 

1 

1  3'5 

i 

657!    5,502 

455 

12-1 

5.487453    I2 

•o           15 

3^45 

1572 

1  46-1 

335    2,810 

1405 

41-1 

383  192     5 

•6      2.427 

'  2»379 

345 

1   282 

254,    2,125 

308 

25-1 

474;  69     5 

•6,     1,651 

•»  A  e  i 

At  A 

1   «•* 

ifil1      t    T*tr 

i 

[3  |   35'5  , 
19  i    i9'5 
410;  71  '  5-4!    1,785   ;    3°8      23-4  ' 


1.279;    3351     9'°  I  '36    i,M3    299!     80       782  205  '  5-5        361 


»>734 


2,527 
2,792 


419  14-9  I  298  2,494  374!  13-3;  999150  5-3. 


2*375!  59° 
1,480 


253' 


526!  89  1,330331  56 


'.495 
792 


25-9  I  158  1,322'  394,  23-1  j  282  84  4-9  1  1.040 


3.990 

2,410 1   409,     9-4     258,    2,i6ij    3651     8-4  ;  2,206  373     8-5, 
!»939i    554;    81-9  i  207^    1,732;   495'    73-2        157    4s:66      1,575 


43'  5'7  |  73J 


6,  385  46-2    74  46  5-6, 


6oo|  238^  31-2  |    64j  536|  213  27-9  147  58  77 

9 1  27  3-5  i       i|  8j  24  (  30  15  45  5-6 

...    i  ...  i  . .    j  .    j  ...    j  .     :  ..  i      17  50  56 

800  i  316'  42-7  i  8<5|  7151  282  38-2  166  65  8-9. 


542 
389 


549 


1,102 

343 
2,084 


89,  4-5  I  37'   306,  80 1  4-0  j  425 


56! 


372j  978   222;  1,862 


332' 


954  170  44  8  i   908 


95   2-5 


66  j  ii  _  23  | 

89'  "!  ».  ; 

12  11   77; 

20  I  H   69  ' 

I?'  II   72 

i         { 

61  ii  '  28 


5291  57-4  '  292  2,442,  472,  512   294  57  62!  2.148   416   45-0 


78  ! 


395'  186  270  2,257'  3S3'  16-5'  672  105  4-9 !  1.585  .  248   11-6 


26,  H  63  ' 

i    i 


224 

1 96 
310 


8-0  , 

3'3  ' 
18-2  i 


53 


961  17-9  1426  3.564  859-  16-0  ,  1,245 '300  5'6|  2,319   559   10-4 


450   66-6 
339   4°  7 

I  ?4    20'2 


36  j 

56,  ii  33 

19!  ii  70  • 

X" ss^ 

91  ii  ,  ... 

8  ii  81 

n  ii  78 

24  n  65 

167  n  ... 


1.306;  291,  47-5  i  139;  1,167!  260  42-6  i   154  34  ,  5-6'  1,013  i  226   37'0 
367,123-5  ngj   984!  328,110-3,   50  17  56|   934  ,  311  1047 


i  453| 


15-5019,667189   7-2 ;  22.404 


162  ,  42  6 

i 

216  '     8-3 


21  n  68 

n  n  78 

4  ii  ,  85 

124  n  ... 

t 

46  ii  '  43 

42  i  n  47 


(for  reasons  slated  in  tho  Report),  uith  Die  oxe'ption  of  (lie  grand  totals. 
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TABLE  VI.— Bretons 

Summary  of  Crops  gathered  during  the  period  from  March  25, 1871,  to 

Sewage  applied 

[N.B.— The  Sewage  here  stated  is  only  that  applied  during  the  above  period.    In 


Crop. 

Total 
acreage  of 
each 
description 
of  crop. 

Produce  of  each  crop. 

Sewage  ap- 
the 

Total. 

Per  acre. 

Total 

* 

Italian  rye-grass  

acres. 

15-42 

5-60 

'47 
59-06 
18-39 

10-54. 

f»3 

3'55 
1-18 

'47 

2'02 
•23 

1-83 
'SO 
5-76 
1-62 
•21 
179 

J3'54 

13-04 

•90 

2'20 

roo 
8'*3 

tons. 
568-38 

21-30 

4*23 
1242*10 
166*21 

2C2'l8 

6-00 

2-25 
•30 

4-26 

172 

•87 

64-45 

12-50 

2'IO 

50-25 

231<n 

37*645 

3-00 

6-53 

107*04 

tons. 
36<97 
3-80 
9*00 
21*03 
9-04 
19-18 
26^09 

1-91 
•64 

2'10 
'94 

1  74 
11*19 

771 
10-00 
16-90 

17-07 

2-88 
3'33 

6-53 
i3'oi 

tons, 
50,056 

16,825 
162 
80,879 
32,770 
19,142 
163 

10,117 

1,510 
983 

5,258 

109 

4,307 
655 

*3.*93 
2,328 

1,207 
3468 
28,994 
11,076 

450 

74* 

1,942 

16,827 
76,964 

Hay  (meadow)  

Clover  

Cabbage    

Hardy  greens  

Savoys    

Brussels  sprouts     

Broccoli  (crop  in  ground  at  end  | 
of  year)  1 

Spinach  

Lettuce  

Caul  iflo  wers  

Parsley    (crop    ploughed    in.  1 
Quantity  not  ascertained    ...  / 

Beans    

Peaa  

Carrots  

Parsnips   

Beet-root  

Mangold   

Onions  

Potatoes    ...                         

Oats  

Strawberries   (yield  of   straw-  ") 
berries  very  small,  quantity  > 
not  stated)       ) 

Mixed  crops—  cauliflowers  and"! 
vegetable  marrows  J 

Hardy  greens  and  cauliflowers  ... 
Fallow  land  

Total  

2714*445 

... 

380,227 

The  figures  in  columns  marked  thus  (*)  arc  to  be  considered  only  as 
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Sewage-Farm. 

March  24, 1872,  showing  the  quantity  of  each  kind  of  Produce  and  the 

thereto. 

some  cases,  therefore,  it  does  not  represent  tho  total  quantity  applied  to  the  Crops.] 


plied  to 
crops. 

Sewage 

Nitrogen. 

Per  acre. 

applied 
per  ton 
of  pro- 
duce, 

Quantity 
applied  in 

Quantity 
escaping 
in  effluent 

Quantity  estimated  in 
crops. 

Not  ac- 
counted 
for  (in  soil, 

* 

* 

sewage. 

* 

water. 

* 

Percent.        i     Total. 

i 

Ac.). 

* 

tons, 

tons. 

Iba. 

Ibs. 

Ibe. 

Iba. 

3246 

8ri 

6,200 

661 

0-54                  6,875 

... 

3004 

7^/9 

2,084 

222 

2-00            !         954 

908 

345 

38-3 

20 

2 

0-65                       62 

1369 

65-1 

10,017 

1069 

0-25 

6>955 

1,993 

1782 

197-2 

4,059 

433 

0-25 

930 

2,696 

1816 

964-2 

*,37i 

253                 o'l* 

1,132 

986 

709 

27-2 

20 

2 

0-25 

34 

... 

2850 

J.253 

'34 

1,119 

1280 

671-1 

187 

20 

0-25 

12 

155 

2092 

3277-0 

122 

13 

0-25 

2 

107 

2603 

1234-2 

652 

69 

0-25 

24 

559 

474 

n 

1 

... 

... 

12 

*353 

*5<H'i            533               57 

I  'CO 

39 

437 

1310 

752-9              81 

9 

3-40 

66 

6 

2308 

206  2 

1,646 

176 

0'2O 

289 

1,181 

H37 

186-2   '         *S8               31 

O'22 

62 

»95 

5748 

574'8            »49 

16 

0-5 

12 

121 

1937 

ii4'S 

431 

46 

0-25 

169 

216 

2141 

125-4 

3.591 

383 

0'22 

1,139 

2,069 

849 

294-2 

1^372 

'       346 

0-25 

211 

1,015 

500 

150-0 

57 

6 

f    Oats2'co,     | 
\  straw  o  60     j 

64 

... 

337 

... 

92 

10 

... 

... 

81 

1942 

297-4 

241 

26 

0-25 

S^ 

X79 

2045 

157-2 

2,084 

222 

0-25 

600 

1,262 

... 

9,532 

1017 

... 

.,. 

8,515 

140*1 

47,095 

5024 

... 

19*667 

22,404 

Per  cent, 

100 

1067 

,,, 

4r76 

47'57 

approximations  (for  reasons  stated  in  tho  Report),  with  tho  exception  of  the  grand  totals, 
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Interim  Report  of  the  Committee  appointed  for  the  purpose  of  making 
experiments  on  instruments  for  Measuring  the  Speed  of  Ships  and 
Currents  by  means  of  the  difference  of  height  of  two  columns  of  liquid, 
— the  Committee  consisting  of  Prof.  W.  J.  MACQUORN  HANKINE, 
C.  W.  MERRIFIELD,  F.R.S.,  Mr.  F.  J.  BRAMWELL,  and  Mr.  ALFRED 
E.  FLETCHER  (Secretary). 

YOUR  Committee  have  to  report  that,  owing  to  the  business-engagements  of 
the  Members,  it  has  been  found  impossible  to  hold  a  meeting  at  a  sufficiently 
early  date  to  enable  a  systematic  plan  of  operations  to  be  agreed  to  and  acted 
upon,  and  also  that  a  proposed  experimental  trip  in  u  yacht  has  been  un- 
avoidably postponed.  Xo  expense  has  been  incurred,  and  no  part  of  the 
grant  of  e£30  has  been  drawn. 

Your  Committee  recommend  that  they  should  bo  reappointed,  and  that  the 
sum  of  £30  should  again  be  placed  at  their  disposal. 


Report  on  the  Rainfall  of  the  "British  Isles,  by  a  Committee,  consisting 
of  CHARLES  BROOKE,  F.R.S.  (Chairman),  J.  F.  BATUMAN,  C.E., 
F.R.S.,  J.  GLALSIIER,  F.R.S.,  \i.  W.  MYLXE,  (J.K,  F.R.S.,  Prof. 
J.  PHILLIPS,  F.R.S. ,  T.  HAWKSLEY,  C.E.,  Prof.  J.  C.  ADAMS, 
F.R.S. ,  Prof.  J.  J.  SYLVESTER,  F.R.S.,  C.  TOMLINSOX,  F.R.S., 
R.  FIELD,  C.E.,  Dr.  POLE,  C.E.,  F.R.S.,  Prof.  1).  T.  ANSTED, 
F.R.S.,  A.  BUCIIAN,  2?.R.S.E.,  and  G.  J.  SVMONS,  Secretary. 

YOUR  Committee  have  the  pleasure  of  reporting  that  every  branch  of  rainfall 
work  continues  in  efficient  working  order,  and  that,  notwithstanding  the  very 
limited  funds  at  our  disposal  and  the  long  illness  of  our  Secretary  during  the 
winter,  all  arrears  have  been  overtaken,  and,  owing  to  the  completeness  of 
the  organization,  no  hitch  or  interruption  occurred. 

At  the  Meeting  of  the  British  Association  in  Edinburgh,  very  strong  repre- 
sentations were  made  to  your  Committee  respecting  the  desirability  of  es- 
tablishing additional  rain-gauge  stations  in  different  parts  of  the  Highlands  ; 
and  as  your  Committee  had  long  been  aware  of  the  necessity  which  existed 
for  these  stations,  and,  moreover,  as  somewhat  larger  funds  than  usual  were 
at  their  disposal,  they  resolved  on  taking  every  means  in  their  power  to  secure 
the  efficient  establishment  of  these  stations,  in  addition  to.  ordinary  cor- 
respondence, our  Secretary  took  two  special  steps  to  secure  the  most  promis- 
ing possible  distribution  of  the  new  gauges.  In  the  first  place  he  wrote  to 
Mr.  Buchan,  the  Secretary  to  the  Scottish  Meteorological  Society,  acquaint- 
ing him  with  the  assent  of  the  Committee,  and  requesting  him  to  state  wbat 
number  of  gauges  he  could  provide  good  observers  for,  On  receipt  of  his 
reply  ten  gauges  were  sent  to  him,  which  he  was  kind  enough  to  distribute 
as  follows  ; — • 

1.  Springfield,  Tain,  lloss.  0.  Sannox,  Arran. 

2.  Kilmalcolm,  Port  Glasgow.         7.  Jvilchoinan,  Lsluy. 

3.  Arrochar,  Loch  Long.  S.  Port  Charlotte,  May. 

4.  Strahane,  Brodick,  Arran.  0.  Port  Ellen,  Tslay. 

5.  Strathfillan,  Perthshire.  10.  (Jlenbarn  Abbey,  Mull  of  Cantire. 


ON  THE  RAINFALL  OF  THE  BRITISH  ISLES.  177 

Tho  other  stop  was  to  send  the  following  letter  to  the  Secretary  of  the  High- 
land Railway  Company,  whoso  line,  as  is  probably  generally  known,  traverses 
much  of  the  most  thinly  inhabited  part  of  Scotland : — 

"  62  Camden  Square, 
December  7th,  1871. 
"  BRITISH  RAINFALL. 

"DEAR  SIR, — At  the  Meeting  of  the  British  Association  hold  at  Edinburgh 
last  August,  it  was  resolved  that  steps  be  taken  to  obtain  observations  of  the 
fall  of  rain  in  those  parts  of  Scotland  in  which  they  have  not  hitherto  been 
made ;  a  grant  of  money  was  voted  for  the  construction  of  the  instruments, 
and  I  was  directed  to  take  such  steps  as  might  seem  best  calculated  to  secure 
regular  and  trustworthy  observations.  As  an  indication  that  this  application 
is  for  no  mere  crotchet,  I  may  mention  that  the  Jioard  of  Northern  Light- 
houses are  already  assisting  all  round  the  coast,  and  the  Scottish  Meteorolo- 
gical Society,  the  Marquis  of  JJreadalbane,  and  others  inland.  After  all  our 
efforts,  however,  the  route  traversed  by  your  line  is  very  poorly  supplied  with 
observers  ;  and  1  have  therefore  to  ask  whether  you  would  cooperate  in  the 
mutter  by  instructing  certain  of  your  station-masters  to  make  the  necessary 
observations  and  forward  the  results  monthly.  The  gauges  are  similar  to 
(but  smaller  than)  those  used  by  the  station-masters  on  the  Manchester, 
Sheffield,  and  Lincolnshire  Kailway ;  they  are  extremely  simple,  and  the  ob- 
servations (which  may  be  made  any  time  between  8..JU  and  D.oO  A.M.)  only 
occupy  about  two  minutes  :  1  should,  of  course,  provide  printed  instructions 
and  blank  forms.  The  preliminary  arrangements  to  ascertain  exactly  where 
additional  observations  are  required  have  taken  so  long  that  there  is  now 
necessity  for  somewhat  prompt  action  to  secure  that  the  instruments  shall  all 
be  at  their  destination  a  few  days  before  the  end  of  the  year.  I  shall  there- 
fore be  glad  of  a  prompt  reply,  especially  as,  after  receiving  it,  either  I  or  my 
colleague  Mr.  Buchan,  of  the  Scottish  Meteorological  Society,  will  have  to 
send  communications  to  the  '  tfcotsman'  and  other  papers.  I  have  only  to 
add  that  if  the  Dingwall  and  Skye  line  is  not  under  your  control,  I  should  be 
much  obliged  by  u  line  or  telegram  stating  to  whom  I  should  apply,  unless, 
indeed,  you  could  submit  the  tenour  of  my  views  to  the  authorities  of  that 
line,  which  would  be  the  most  rapid  course.  I  enclose  sketch  of  the  gauge 
and  instructions,  which  can  be  further  simplified  for  the  special  purpose,  and 
have  only  to  add  that,  should  any  further  explanation  be  required,  1  shall 
mobt  cheerfully  supply  it. 

"  Yours  very  truly, 

"  A.  Dowjall,  Kay.,  Inverness:9  *«  U.  J.  SYMOXS/' 

To  this  letter  the  following  reply  was  received  :  — 

11  Highland  Kaihvay  Company,  Inverness, 
12th  December,  18/1. 

"  BUITISH  11AIN*  ALL. 

"  DKVU  Siu, — I  have  your  favour  of  the  7th  instant  on  the  above  subject, 
and  beg  in  reply  to  state  that  the  Directors  of  this  Company  will  be  happy 
to  cooperate  in  the  matter  by  instructing  several  of  their  station-masters  to 
make  the  ntvessarv  observations  and  to  forward  the  results  monthly.  This 
will  apply  to  the  Dingwall  and  Skyo  line  also. 

44 1  am,  yours  faithfully, 

"  A.  DOUGALL," 

1872.  o 
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The  result  of  subsequent  correspondence  was  the  establishment  of  a  chain 
of  stations  over  the  entire  system  of  the  Highland  and  Dingwall  and  Skye 
railways.  Fifty  gauges,  with  pegs  for  fixing,  instructions,  and  blank  obser- 
vation forms  were  sent  to  Inverness,  and  distributed  and  erected  by  the  offi- 
cials of  the  Company  at  various  selected  stations,  with  the  exception  of  a  few 
which  are  retained  in  store  until  the  northern  extension  of  the  line  will  en- 
able them  to  bo  placed  in  Sutherland  and  Caithness.  It  only  remains  to  add 
that  the  station-agents,  with  scarcely  an  exception,  understand  their  work 
and  do  it  punctually  and  well.  Another  district  in  which  additional  stations 
are  urgently  required  is  that  traversed  by  the  Caledonian  Canal ;  and  there- 
fore a  letter  similar  to  the  one  already  quoted  was  addressed  to  the  gentleman 
who,  our  Secretary  was  informed,  was  in  charge  of  the  Canal.  As,  however, 
the  letter  has  not  been  acknowledged,  our  efforts  in  that  direction  have  been 
futile. 

It  is  generally  the  case  that  expenditure  on  the  part  of  this  Association 
loads  to  equal  or  greater  expenditure  for  similar  objects  by  other  persons. 
This  has  been  specially  the  case  with  rainfall  work,  and  an  illustration  may 
be  quoted  from  the  events  of  1  ist  year.  Simultaneously  with  the  above  action 
of  the  Committee,  the  Earl  of  ftrcadalbanc  (through  his  agorit  Mr.  J.  P.  Smith, 
C.E.)  has  undertaken  to  supply  returns  from  a  series  of  stations  between 
Abcrfeldy  and  Tyndrum  and  other  important  localities  in  the  watershed  of 
the  Tay  and  liannoch.  Several  of  the  gauges  were  fixed  by  our  Secretary, 
and  the  sites  for  others  selected  by  him;  and  if  the  observations  arc  regularly 
taken  they  will  be  of  great  utility. 

A  very  limited  number  of  gauges  have  also  been  supplied  to  remoto  districts 
of  England  and  Wales;  but  the  price  of  rain-gauges  is  now  so  low,  that  there  can 
be  but  few  persons,  who  arc  able  and  willing  to  take  charge  of  a  gauge,  to  whom 
the  cost  can  be  prohibitory.  Your  Committee  arc  fully  aware  that  in  many 
parts  of  the  country  additional  observations  are  desirable ;  but  there  arc  so 
many  expenses  incidental  to  the  collection  of  the  observations  and  their  dis- 
cussion, that  they  do  not  feel  justified,  considering  the  very  limited  means 
at  their  disposal,  in  lending  gauges  except  to  very  isolated  stations.  Their 
Secretary  will,  however,  be  happy  to  render  any  information  or  assistance  in 
his  power  to  persons  who  may  bo  willing  to  set  up  gauges  ;  aud  it  is  hoped 
that  by  the  maintenance  and  development  of  tho  present  organization,  theso 
vacant  spaces  may  gradually  be  occupied. 

Owing  to  the  illness  of  our  Secretary,  the  forms  of  inquiry  respecting  tho 
positions  &c.  of  all  the  rain-gauges  in  the  country  (not  only  of  those  belonging 
to  this  Association,  but  also  of  the  much  more  numerous  private  ones)  were  not 
issued  as  soon  as  was  originally  intended.  About  1 000  arc1,  however,  now  cir- 
culated, and  tho  rest  will  follow  in  less  than  a  month.  Those  which  have  been 
returned  have  nearly  all  been  filled  up  in  a  very  complete  and  satisfactory 
manner,  auguring  well  for  the  success  of  the  proposal. 

Another  step  taken  with  the  same  object,  viz.  the  attainment  of  precise 
knowledge  respecting  the  gauges  in  use,  their  errors  and  position,  has  been 
taken  during  the  past  year.  Our  Secretary  has  long  possessed  a  travelling- 
case  containing  tho  standard  measures  necessary  for  verifying  any  rain-gauge 
without  removing  it  from  its  position ;  and  in  previous  reports  we  have  given 
the  results  of  several  hundred  examinations  of  rain-gauges  in  situ  made  with 
this  apparatus.  Owing,  however,  to  our  limited  funds,  this  examination  has 
been  obliged  to  be  curtailed ;  and  as  a  partial  counterpoise  to  this  curtailment, 
we  have  caused  to  be  constructed  a  precisely  similar  testing- case,  and  pre- 
sent cd  it  to  the  Scottish  Meteorological  Society,  T\  hose  Secretary  will  in  future 
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use  it  in  his  inspections  of  the  stations  of  that  Society,  and  will  communicate 
the  results  to  us.  We  shall  thus  obtain  a  largo  amount  of  very  valuable  in- 
formation at  the  mere  original  cost  of  the  apparatus. 


ftatio  of  Rainfall  in  the  British  Isles  in  Ib70  to  }fean  (1860-09  = 

1870. 


We  regret  that,  owing  to  the  cause  already  referred  to,  the  discussion  of  the 
monthly  percentages  during  1S(>0-09  is  not  quite  ready  for  publication  ;  the 
means  arc  all  taken,  and  the  whole  of  tho  percentages  (some  4000)  are  worked 


180 


REPORT — 1872. 


out ;  the  subsequent  discussion  will,  we  hope,  be  completed  long  before  it  is 
required  for  our  next  lleport. 

The  only  remaining  subjects  to  which  we  have  to  direct  attention  are  the 
biennial  tables  for  1870-71,  which  are  given  in  the  Appendix,  and  the  re- 


Eatio  of  Eainfall  in  the  British  Isles  in  1871  to  Mean  (1860-69  =  100). 

1671, 


suits  of  a  comparison  of  the  fall  in  each  of  those  yearn  with  the  averages  at 
the  same  stations  and  with  the  same  instruments  during  the  ten  years  1  SCO- 
GO,  given  in  our  last  lleport.  This  is  given  in  Table  I.,  and  an  abstract  of 
the  same  in  Table  II. 
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Among  the  many  points  of  interest  brought  out  by  this  mode  of  treatment, 
perhaps  tho  only  one  to  which  we  need  call  special  attention  is  the  general 
distribution  of  rain  during  1.S70  and  1871.  Arid  first  respecting  1'STU:  tho 
accompanying  sketch  map  (p.  17J))  .shows  that  there  were  two  areas  in  which 
great  deficiency  of  rain  occurred,  and  that  there  was  no  division  in  which  the 
fall  reached  the  average.  The  areas  of  deficiency  were  the  south-west  of  Eng- 
land and  the  west  of  Scotland ;  and  on  reference  to  Table  I.  it  will  be  found 
that  several  stations  in  those  divisions  had  less  than  two  thirds  of  their  average 
fall.  The  divisions  in  which  the  fall  most  nearly  approached  the  average 
were  the  north-east  of  Scotland  and  Yorkshire,  the  Litter  owing  to  a  very 
heavy  local  fall  in  North  Lincolnshire,  in  October  1870,  having  partially  ex- 
tended into  the  former  county. 

In  lyjl  the  fall  was  not  very  much  below  the  avcrngc  (only  o  per  cent.), 
and  the  chart  docs  not  reveal  such  prominent  features  as  in  1870.  The 
greatest  differences  are  found  in  the  two  sides  of  the  north  of  Scotland,  no 
other  division  Jittering  more  than  (J  per  cout.  from  the  mean  of  the  whole ; 
and  even  thi.s  is  mainly  duo  to  a  belt  of  c-xce.-s  running  north -eastward  across 
the  centre  of  England.  This  belt,  moreover,  is  due  to  a  single  rain,  that  of 
September  (>th,  which  in  South-east  Yorkshire  amounted  to  nearly  four  inches, 
and  to  between  one  and  two  inches  at  nearly  all  stations  thence  south-west- 
ward to  Devonshire.  The  area  of  that  rain,  it  may  he  as  well  to  state  (in- 
cluding only  thofec  parts  at  which  upwards  of  an  inch  fell),  was  about  14,000 
square  miles ;  and  taking  the  fall  at  the  low  average  of  one  and  a  half  inch, 
not  less  than  1,:J57,<>00,000  (thirteen  hundred  and  fifty-seven  million)  tons 
of  water  fell  during  the  twenty-four  hours. 

TABLE  I.*— Comparison  of  Rainfall,  1S70  andlsTl,  \\ii\\  Average,  lS(iO-G9. 


j                                                                 ,                           ! 

Division,  j              Station.                IS(HM')*) 

i         i 

Total  Fall  in        Ra1io  of  Fal1'      Mran 

(18(50-09  =  100.)  |      DlVl- 

-     sionnl 
1S70.    ,     1871.       1870.  j  1871.'    Ratio. 

in.        I 
T.     Cnimlen  Square     25  68     ' 
IT.     \Wjbnclge  11  oath  25*05 
Tan  field  Ixxlgo   '    26-33 
\Viild  ronliurst                    24*39 

in.             in.         ; 
21*32     '    25-02     !     83 
19-55        2322     ,     78 
21-69        24*18          82 
19  80        20*24          8  1 

I  8  22            22*50               78 

16-64         21*44          7* 
21-69         25*12           79 
2049     ,    2294           79 
20-58     ,    26*19      ,     77 
21-37         25-86      •     74 

24   89          (        26    19                      85 

28*35     '    34'39     :     /6 
27-57     ,    33''9          83 
2740     :    29-87          8  1 
24-61         26-74          93 
2402         30*45      t     76 
21*96        29*26     ,     72 
24*52     l    29-07      '     72 
28*05     j    34-72      '     74 
26-89     :    33'43           78 
22*94        25-59     (|     85 

97        83     97 
93 
92 

*3 
96 
92 

9i 

88 

97 
89 
90 

93 

loo 

89 

ICI 

97 
95 
86 

9i 
97 
95 

"Wimbledon    23'4^ 

Kow  Observatory  .    .        23-28 
L/inlon  Park                      27*56 

JFiinton  Court      ..            26  co 
1  West  Thonicy  26-88 

Cliiohcbter  Museum  ..      29*03 
|          „          Sliopvnko.     29*19 
,,          \Ve«t  J)ean     37*08 
Chilgrove..     33*22 
Dale  Park  '    3373 

High  Wicklmm  26  37 
Forest  Locljjfo  !    31-48 

1  Osbornc....                .  .  '    30*73 

Farcham    I    33'91 

Potcisfield  i    38*03 

Aldershot  '    27  04 

*  Full  particulars  respecting  the  counties  in  \vhich  these  stations  are,  and  the  heights  of 
the  rain-gauges  above  the  ground  and  above  sea-level,  will  be  found  on  p.  106  ot  our  last 
Report, 
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TABLE  I.  (continued), 


Division. 

Station,              ^ 

Mean, 

8GO-OU. 

Total  Fall  in 

Ratio  of  Fall. 

(1860-69=100.) 

Mean 
Divi- 
sional 
.Ratio. 

1870. 

1871. 

1870. 

1871. 

II. 
III. 

IV. 
Y. 

in. 
25'73 
27-38 
25*01 
27-85 
26-39 
27-59 
23-92 
a3-57 
25-71 
26-13 
26*22 

23'35 
24-09 
23  13 
2249 
21-76 
18-17 

20'6l 

24-04 

2047 
2275 

23-98 

23-06 

2  5  "47 
23-96 
23-52 
23  68 
2483 

22"22 
22-64 
23-14 
22'17 
24-04 
23-98 
25'10 
23X8 
23-23 
19-56 
29  28 
28-59 
32-25 
4481 
42-89 
4X65 

43  36 
53-^7 
;    43''3 
45  '94 
31-76 
32-69 
38x6 
34-56 
47-12 

39'9i 
37'87 
4I-51 

in. 
16-85 
16-88 
18-12 
23-56 

21  64 

24*4° 

17-76 

17*16 
18-81 
17-56 
1993 
17-21 
17-21 
3647 
15-87 
14-87 
1286 
1740 
20-71 

i8-77 
17-11 

1    '8'99 
1727 
18-14 

1578 
'743 
i    17-58 
18-94 
19-35 
1661 

20  50 
18  87 
21  29 
21-44 
,     24-41 
20-74 
20-20 
18-36 
22-59 
20'10 
20-32 

31'3I 
30-27 
32-17 
36-89 

,    37-40 
30-32 
3826 
21-74 
22-98 

i     22'2O 
I     22-48 
33-12 
28-79 
27-66 
31-65 

in. 
22-14 
21-52 
23*42 
24*43 
23'49 
23-69 

20-84 
19-07 

20-94 
21-14 
24-80 
22-43 
20-17 
21-73 

21  '29 
19-69 
16-53 
20-33 

24-77 
20-77 

21-66 

22-73 

21  46 
21-83 

!9-55 
22-80 
2261 

=47» 
21-85 
18-37 

23'H 
23-13 
24-02 
24-56 
2447 
22-28 

21'01 
2T4S 

28-06 

!  28-14 

!  30-84 
46-88 

4575 

47-72 
51-88 

53*40 
40-97 
46-93 
32*50 
3221 
33-10 
34-38 
36-80 
38-00 
41-60 
447  * 

65 
62 

72 

£5 
82 

88 

74 
73 

I] 

76 
74 
7i 
7i 
7° 
69 

7i 
84 
86 

92 
i     75 

!     79 
i     75 

i  11 

i     74 
74 
76 

«7 

i     73 
89 

«5 

89 

!    89 

;   97 
87 

87 

94 

77 
'     7o 

63 

7o 
ii     7i 
i     66 

85 

,     70 
;     70 

83 
!      68 
/     70 
58 

!:   65 

7o 
72 

73 
76 

86 
79 
94 
88 
89 
86 

87 
81 
81 
81 

95 
96 
84 
94 
94 
91 
91 
99 
103 

IOI 

95 
95 
93 
86 
82 
97 
95 

100 

98 

81 

100 

104 

100 
102 

97 
93 
90 

110 

!     96 

9l 
96 

105 
107 
98 

120 

\    100 

95 

102 
102 

99 
87 
99 
78 
95 

110 

108 

77     92 
76    90 

82     96 

Ijong  \Vitt6iihani  

Uay  ford  bury  

JSfc  Albans  

Tleraelhempstcjid  .... 
Tnng  

Royston  

High  Wycomb    
Eadoliir  Observatory.  . 
Banbury                    .... 

Wellingborough     
KimboltoM      
Cardington,  0  ft.  0  in. 
'Ml.  (hn. 
,%  ft.  0  in. 
Ely      

\Y  isboach       

With  Jin 

Braintrec    
Su  IJVon  Waldcn  

Undid0"!)        

AhbeygJitc  St  
West  ley  

Uarlon  Hall           .    . 

Culford  

JHc'klcbunjh  ..       

Outwell  

Kinoham     

Norwich  Institution  ... 
(  \)ss>'iy            «  •       .    •  . 

Hoiiinghum  Hull  
"Ki/mcro  

lio:kham,  Oft.  0  in.  ... 
4ft.  Oin.... 
JTunsianton    

Swindon  

IT  am 

RidtreNnv  

Tttvistoc.lv  library  . 

,,        W<>st-sim>t... 
IBovt'V  Tract  'y 

Coryton  L<-vv  Down  .. 
Exotcr  Institution  
Clyst  Jlydon  

l?rjuliiiiich  

J3roadhcuibury 

South  Motion     

Ht'lntone    

1'enzaneo    
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3  i  vision, 

SUtion.             $• 

n>         Total  Fall  in 
-09. 

Ratio  of  Fall. 

(1860-69=100.) 

Mean 
Divi- 
sional 
Ritio. 

1870. 

1871. 

1870. 

1871. 

V. 
VI. 

VII 

i 
i 

i 

vm. 

in. 

in. 
•3         37-00 
18        29-43 
>6        28-54 

7'         39'73 
>6        44-21 
jo        23-16 

0         35-35 
55        21-41 
>9        2343 

f2             1915 

ii     ;    20-18 
59        26-20 
fi         1887 

74         20-23 

53    ;  21-91 

87   1  21-48 

So     !     j6-So 
65        31  26 

02             21-76 

;o    '    24-17 
17     '    1827 
61         19*33 
48         1928 

41              17   '2 
87       ,      16-29 

43     '    2526 
66         16-44 

35    ;   1842 

12       .      24-06 

39     i    20*10 
16         2690 

TO             2^  20 
67             23-67 

8j.         16  -•» 

in. 

3985 
40-96 
49  12 

4875 
30-16 
40-52 
26*31 
29*10 
27  96 

29-41 

33-77 
27*76 
31-25 

30-02 

26-06 

36  co 

27-63 
24-28 

26  10 

22  IQ 
19  12 

!   23  is 

•    22-37 
23  05 
1    24-1*7 

i      22-68 

24-56 

90 
69 

67 
83 

81 

59 
84 

70 
69 

70 
72 

-     78 

70 
76 

•     77 
86 
86 
,     88 

78 
73 
76 
•     79 
76 
7S 
108 
-6 
86 

94 

121 

104 

97 
93 
96 
103 
89 

77 
96 
86 

102 
IO4 
100 
102 
117 
105 
I05 
I  IO 
101 

99 

100 

97 

IC2 

96 

99 
92 

99 

103 
ic8 

ICO 

106 

125 

137 

91 

113 

103 
107 
99 

,     110 

93 

cp 

99 

78 

I  CO 

'     93 
:  105 

86 
1     88 

:  74 

•     79 
93 
91 
99 
'     9l 

72     98 

i 

77  101 

i 

i 

! 
1 

i 

i 
1 

86  101 

t 
4 

Truro  R.  Institution.  .  .     42-  j 
,,      JVnartb  42*' 

Wiirl(i(rgaii             '    *"4'< 

Wadebridgo   '    39" 

Small  Street  ,    30- 

Archenfk'Id     28" 

Hoc'Klamlfl  33* 
)  /com  instcr    '    27- 

Uupford          .           ...      26" 

Ludlow               .        ..      28' 

SluiVnull     -»4' 

Noptliwick  Park    '    28 

Pl*bopnt  on                             ~*  c* 

IJi-hoir  Cattle        .    ..       24* 

Linroln  ;    20 

StO(  '1\  \\ltll             .  .                 •          21* 

Harnetby          .    -           !    22 
ApplcltA  Vicarage  ....    !    24 
>u-\\  Holland.         .            22 

Welbeck  Ablvy  i    24 

64     -    21*58 
47     '     iScS 
"4     '     17^2 

Si      ;      18-73 

93         21*00 

62     i    40-24 
01     '    47*^8 

95         37'9° 
•19         42-21 
85     '    26*49 
°4     '    2433 
'54    '    23-^3 
•75         29-01 
-46         26  So 
•89         39-90 
•8  1         30-01 
•25         32-98 
98         30-04 
73         32-28 
•63         30*30 
•23     1    34'45 

19  v.  2 
2548 
25   31 

2349 
2S'  70 
26-56 
27-15 
46"  1  2 
4TI4 

4°  93 

''    29-82 

1    36  H 
32  82 
32  40 

2774 
31'45 

!      3420 

31-18 
;    33-88 

Si 

71) 
7° 
7S 
77 
•      81 

95 
90 
Si 
81 
76 
69 
:     79 
i      72 
91 
86 

94 
88 
,      S6 

:  96 

93 

"Rrtfbrd  22 
Derby  !    26 

Kilnariih     24 
(  'ontbs  Moss           ...        49 
Co-iib*-  KVsrr-iOir               5  j 
rhapcl-Hi-le-l'Yitli    ..  |    41 
\Voodb<vad      52 

,,       Krsrrioir  ....        32 
]\rac(-'loHold                ..       34 

ParkUreni     36 
Bolhn^ton      37 

Marplo  A(]ucduct  ....        34 
„       Top  Lock   ....     35 
(  J  odl<\>  Rcworvoi  r  33 
Afot  Irani                     ..      37 

Nevlon     31 

Arnfield  37 

REPORT 1872. 
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Division. 

1 
Station, 

Mean, 
1800-09. 

Total  Fall  in      '  ««<^^F«H- 
(1860-69=100.) 

Mean 
Divi- 
sional 
Bntio. 

1 

86     90 

i 

i 
i 
88     91 

86     90 

j 

1870. 

1871. 

1870.    1871. 

VIII. 

IX. 

X. 
XI. 

in. 
46-32 
51-83 
32'97 
33*71 

3473 
32-60 
3678 
40-90 
36-13 
37-12 
36  oi 

4898 

5661 
4421 
44*13 

35-co 
3830 

3299 
48-56 

4479 
43'94 
45*63 
31-28 
39-68 

i    23-99 
56-18 
41-97 

'    537° 
,    34'oi 
46*33 
33'3* 
50-00 
46-09 
23-26 
i    21-85 
24-48 
60-08 

25'C2 
27-46 
3I-II 
28^9 
28-87 
26-90 
26-64 
26-07 
27-64 
28-66 

»54'°5 
59'9» 
5376 

i    57'37 
27*62 
53*32 

35'99 
42*02 
44-98 

in. 
39-88 
46-62 
28-08 
28-93 
29'55 
3°'54 
27-67 

33*44 
33*64 
32*49 
3f35 
43'47 
52-80 
41-10 
3S'i8 
29-84 
34'i7 
3i-4i 
45*56 
38-05 
39'67 
39'24 
26  oi 

33'46 
20-68 

5444 
38-11 

47-75 
24-14  ? 
36-10 
29-59 
42-30 
35*30 
21-99 
20*50 

H*37 
50-14 
25  81 

!      26-32 
^S^S 

25*3» 
25-84 

24-43 
23-90 
25-22 
26-15 
23-27 
119-60 
50-70 
48-97 
48-86 
20-50 
43-09 

27-31 
35-60 

4J<35 

in. 
38'99 
4373     ' 
29-16 
29-58     , 
33  23     ! 
33-64 
29-18 
36-30 
36-91     j 
32-11 
33-86 

40'93 
46-80 

40-40     ' 
34-65 
3^95 
34-25 
29-94 
43-91 
3*'*5 
39'59 
42-41     i 
30-63 
34-82 
2644 
46-93     j 
37-73     ; 

4225    : 
1  9-04  ? 
3580 
27-90 
3960   • 
36-70 
25-36 
22-80 
28-68 

52-73 
25-68 
27-76 
29-05 
26  96 

33'53 
26*69 
25-87 
26-18 
26-51 
25-44 
115-15 
45-80 
40-12 

4170 

23*58 
50-25 
31-80 

41-16 

43'93 

86 
90 

85 
86 

85 
94 
75 
82 

93 
87 
87 
89 

93 
93 
80 

85 
89 

95 
94 
85 

90 
86 

83 
84 
86 

97 
91 

89 

71  ? 
78 
89 

85 
77 
94 
90 

100 

83 
103 
96 

83 
89 

89 
91 
90 
97 
95 
81 
78 
85 
91 
85 

74 
81 

76 
85 
1     92 

84 
84 

89 

88 
96 
103 
79 
89 
1  02 
86 
94 
84 
83 
9' 
78 
89 

89 
91 
91 
86 
90 

93 
98 
88 
no 

84 
90 

79 
56? 
77 
84 
79 
79 
109 

ICO 

117 
88 

102 
IOI 

93 
94 
116 

99 

97 

100 

96 

89 

75 
76 

75 
73 
85 
94 
88 
98 
98 

Woodhead  .«>  

Gorton    

Old  Trafford  

Ardwick    , 

Piccadilly  

Fairfield  

Oldharn  Gas-  Works.,. 

Bolton  (The  Folds)  .. 

llcfitoii   

"Rochdale        

Ormskirk 

Preston  

.Blackpool  

C'artnicl  

]5rooinhall  Park    
lied  mi  res                    .  . 

Tickhill  

Dunford  15ridge     

Saddle/wort  h  

Standee!  ^e       

IjOn^wood       

Well  Head     

Midercl<  y  Moor 

Oven  den  Moor  
LeAcnthorpe  
Ilolbeck  

York           .            .... 

.Arncli/Tc    

Hull 

IVlttlton                   .  .  .  . 

^Richmond      

Shot  ley  Hall  

By  well    

Wylam        

AVcillscnd       

Kosella  Place  

Stainfordhain.     

Li  I  burn  Tower  

>Seath"Wtute 

Ull&watcr   

Bassenthwaite  ..  [Hal 
Cockerinouth.Whinfel 
Carlisle  

Ivend  al   

Cardiff           .    .    . 

ON  THE  BAINFALL  OF  THE  BRITISH  ISLES. 
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Division. 

i 
Station. 

Moan, 
1800-00. 

1- 
Total  Fall  in 

! 

Kutio  of  Fall. 
(1860-69=100.) 

Mean 
Divi- 
sional 
Ratio. 

1«70. 

1871.    i 

ii 

1870. 

88 
94 
89 

7« 
68 

74 

73 
126 

87 
85 
90 

77 
79 
74 
78 
76 
62 

75 
84 
76 
81 

63 

57 
68 

73 
7° 
So 

7» 

72 

74 
»3 
7  i 
67 

71 

73 
7' 

,     65 
:     65 
;    ^9 
75 
92 
62 

:  ^4 

68 

75 
i     81 

76 

i     68 

34 
75 
60 
82 
75 

1871. 

XI. 

XII. 

i 

XIII. 

i 
XIY. 

XY. 
XVI. 

Hn  warden  

in. 
26-44 

24-43 
31-00 
30-61 
3718 
28  62 

27  66 
49  60 

37-03 
26-98 

44  37 
37'C5 
60  09 
66-63 
24  66 

in. 
23-29 
22-91 

27-43 
23-69 

25  °5 
21*05 

21-58 
62-25 

3205 
2295 

39'97 
28-32 
4768 

49'3i 
1927 
25x6 
23  65 

22  40 
2385 

1933 
J9  30 

23  50 
jO'50 
21  76 
2ri9 

2662 

3S*5 
i    36>7 
24-13 
33-22 

40*80 
33'7S 

33'35 
40-25 
36-69 
4700 
59-»5 

!      21'SO 

!   2665 
2763 
1    4  1  -06 
50-26 
42-00 

53  3° 
3098 
33-16 
38-32 
,    25-42 
31-67 
24-43 

59'53 
21-40 

S3-4I 
21-69 

in.        '! 
28-22     ;' 
24-63     j 
30-56 
24-21 
36-26 
27-18 

24-22     ' 

56lI5     , 
34-88 

27-60 
44-54 
35-32 
52-20 

159-74) 
25-47 
31-23 

34'3° 
31-60 
29-28 
2542 
25  62 
3640 
3r,-42 
32-02 
2822 

34'co 
40-54 
45-69 

2653 
40-17 
42-80 
i    46  60 

;    46'J5 

i    50-70 
4788 

;     <'2'3, 
71-40 
32  20 
1      38TO 
37-18 

i    48  10 

5228       ' 
41'50 

50-70 
37-61 

45-77 
4500 

34'76 
;   3578 
89-20 

57-38 
34-10 

34'H 
30-94 

107 

101 

99 
79 
98 

95 

88 
113 

94 
102 

100 

95 
87 

(9°) 
103 

95 
90 
105 
103 

99 

108 

97 
105 
100 
98 
90 

91 
98 

79 
89 
88 
97 
93 
89 

95 
94 
9* 
98 

92 
93 
88 
96 
62 
80 
83 

IC4 

95 
104 

77 

121 

72 

95 
119 
107 

i 
$4    97 

i 
86     97 

72  ico 

!  73     93 

i 
71     90 

lfoly\\<>ll    .. 

Llamlmlno     

I^lo  of  Man    

CrlUTPM')'     

AUlcrney     

SCOTLAND. 
Mull  of  Galloway  
JStranrsier    

(  'orscwall  ...        .    ... 

Littlo  KOS.S  

Cargrii    

Duinfrirs    

West  rr  Kirk     

Wanlockboftd        .    .. 

Jiouhill 

Pemcuiek  

33  cl 
38  ci 
29-98 

2849 
25-63 

2?  77 
3745 

29  C2, 

3!'95 
28*89 

37'96 
44-41 
4647 

33'4S 
44  »1 
48-92 
47  80 

!  4985 

!     56  08 

50-14 

66  16 
78-32 
32-96 
41-30 
40-14 

54'^5 
'    S425 
1    67-37 
63-64 
45'S9 
44^7 
47-3i 
33-43 
46-22 
72-16 

7999 
3578 
28-59 
28-99 

Laudor   

DUIIM?     :  

lladdm^ton  

\\tl*i   Lint  O11     

Cobhnihhaw   

Imeresk  

Awlnnrnilh   . 

Hot  h\u-ll  Castle  .... 
(YsHiiork  1'ark  
(  »  Inflow  ObK'rvatory.. 
Had  lies!  on      

Shotl*  

Ayr  

T  * 
I  «i  r<j*  

l^att  Lynn    

Y\  aulk  Glen  

Middlctnu  

,  Mearn^ 

Greenork    .... 
1  Arddaroch     
.  Kalkirk  

i  f^lirlii'ir  ,...        ... 

LMadda        

Castle  Toward  

In\crary     

Appin     

Mull  of  Cant  ire     
Cainipbeltown    .. 

Kbnw.s  of  Islay  

Lisinorc     

fcJound  of  Mull  . 

Ilynifh  

Loch  Levcn    
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Division, 

Station. 

Mean, 
1860-09. 

Total  Fall  in 

Ratio  of  Fall. 
(1860-69=100.) 

Mean 
Divi- 
sional 
Ratio. 

1870. 

1871. 

1870. 

1871. 

XVI. 

XVII. 
XVIII. 

XIX. 

XX. 

XXI. 
XXITI. 

Aberfoyle             

in. 
61-82 
36-17 

4399 
48-81 
61-89 

34-3* 
3S'32 

82-43 
23-58 
29-18 
29-73 
34-88 
33'1? 
35'i9 
29-05 
34-91 

22'72 

33*40 
2943 
24-17 
29-I9 

31-79 
68-03 
25-94 
72-36 
82-07 
77-12 
31-73 

43  91 
31-13 

27  08 
27-69 

3';  37 
24-70 
28  76 
39-01 
3269 
32-41 
3S-X5 

3^37 
31-02 
26-45 
36<49 

34'77 
37-21 
40-67 
47-65 
36-86 
27-94 
41-82 
27-10 

44'37 
32-01 

34'*3 

in. 
40-60 
23-70 

30  22 
28-90 
46*10 
24-05 

24'59 
61-33 

1594 
21-39 
24*22 
29-65 
27-II 
29-48 
22-40 
28-70 
19-49 
30-38 
24-00 
30-28 
23-56 
24  22 

37*9° 
16-28 

34-95 
49-07 

S5'4<-> 
25  62 
42-78 

3351 
1791 
26  76 
29-26 

22*C6 
19-64 

27'34 
17-63 
29-60 
3072 
29-76 
14-40 
21-19 
24*48 

28-46 
2909 

33  55 
40-78 
26-04 
'    24*86 

33'H 
,    25-02 

!    42'97 
22*29 
30-14 

in. 
60-60 
32-40 
41-81 
40-90 
64-10 

3i-«5 
34-69 

75'57 

ai'35     1 
29-67     j 

33-64 
40-41     j 
33-62    i 

39-^5     i 
26-69     ' 

33'20    i 
20-61 

3035 
25-18     ! 

3465     ' 
28-83 
27-81      I 
52-10 
20-87 
49-48 
61-70 
70  10 
30  89 
37-06 
42-57 
2076 
24-75 
33-12 
18  91 
21-36 
33-22 
1853 
26-40 
32  17 
38-64 
1704 
23-69 
33-84 

3S-66 
35-^6 
4467 
4070 
28-51 
29-09 
33-25 
28-11 
46-29 
28-40 
31-91 

66 
66 
69 

59 

74 
70 
70 

74 
68 

73 
82 
t     85 
82 
84 

77 
82 
86 

1     91 
82 

:  I25 

i     81 

76 

:    s* 
63 

1    48 

i    60 

:    71 

81 

'     97 
107 
;     66 

97 
,     74 
89 
,     68 
i     70 
54 
91 
79 

n 

46 
80 
67 

82 

;  78 
83 

»S 

7' 
89 

79 
92 

97 
70 
88 

98 

90 

95 
84 

104 

93 
98 
92 
91 

102 

"3 
116 

101 

in 

92 
95 
91 

91 
86 

H3 
99 
87 
77 
81 
69 

75 
9i 
97 
86 

'37 
77 
89 
84 

77 
74 
85 
57 
81 

83 
123 

55 
90 

93 

! 
102 

1    </> 

i    110 

85 

77 
104 

79 
104 
104 
89 
93 

73  100 
91   101 

73    88  '. 

I 
76        83 

|     82        98 
83        9' 

85     95 

DctUiston  House    ..... 
Lanrick  Caslle  •-• 
Bridge  of  Turk  
Aiichtcrardcr  House-  •• 
Trinity  Gusk 

Perth  Academy  •• 

Kcttins  

Hill  Head 

Arbroatli 

GirdlencHB  ••• 

Gordon  Castle  

Berne  ra  -• 

Oronsay                      * 

Kyleakm    •• 

S   I  ivt 

Harris    •  • 
Cullodrn  House    ..... 
Dunrohin  Castle    ..  .. 
Ciivif*  \V  ratli      «          «• 

Wick  
Pent  land  (Skerries  
Hoy,  East    

Hoy  West     

iJallbur  Cast  IP     

Sand  wick   
San  da     

North  RonakUay  
Siiinburgticud    
Bressiiy,  L.  II  

IRELAND. 
Cork                   

Fermoy  

Waterford  

Ki]la]oo  

Porturlintjlon 

Tullainoro  

Bray  

Black  Kock    

Enniskillon    

Armagh  

Belfast,  Queen's  Coll.  . 

ON  THE  HAIM'ALL  OF  THK  BRITISH  ISLES, 
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TABLE  IT. — Mean  and  Extreme  Ratios  in  each  Division. 


"Sjj! 

Division.               Description.              £  .2  ! 

Batio  for  1870.        '|        Ratio  for  1871. 
ean.  Highebt.  Lowest.  Moan.  'IIiglu>t.  Lowest. 

! 
E.NCLAM)  AM>  W\M]S.                   1 

I.     Middlesex   '     i 

83           83     !      83           97     ; 
77           93     •      62      „     92 

97 

IOI 

97 
79 

!           IT.  !  South-  Eastern  Counties   ...'  22 

III.  '  South  Midland  Counties  ...    17 

76           88     !      67           90 

103 

Si 

IV.    Eastern  Counties  '  19  ' 

8s           97     '      66          96 
72           90     j      58          98 

HO 
120 

Si 

78 

i 
Y.     South-  Western  Counties  ..25 

"VI.     West  Midland  Counties  ...i  13 
1        i 

VII.     North  Midland  Counties...1  24  ' 

YlH.     North-Western  Counties  ...    34 
i 
IX.     Yorkshire    18 

77           88     i      69         ioi 
86    1     121          70         ioi 
86           96          69          90 
88         103     ,      71           91 
86           97          74      '     9° 
84           94          68          97 

I25 

IC5 
117 

116 

107 

85 

78 

74 
56 
73 
79 

1 
X.  '  Northern  Counties    ....      14 

!           XI.     Moninoutl^lnre,  Wales,  &r       8  ' 

Sl'OTI.im                               ; 

XII.     Southern  Counties    .    .  .  .       9  , 

l              i 
86    i     126     '      74          97 

i 
113 

'  87  ; 

XI  IT.     South-Extern  Counties    ..       S 

i 
72           84           57         ico 

icS 

90 

1                           '                                                                                  ! 

i       XIV.     South-Wet  tern  Counties  ...    13  ; 

75  '    *j  :   67      9, 

IOO 

$8 

XV.  '  We.st  Midland  Count  '<•$  ...    is; 

71           92          34          9° 

J2I 

,     62 

XVI.     Ea<t  Midland  Count  I.'*    ..     iS 

73           8<5          59         I0° 

"9 

84 

XVI  J.     Xorth-KuHt'Tn  Counties  ..       6 

91          125           Si         ioi 

'43 

'     86 

,'    XHIL    North-  WiMrni  Cosmhr*.      i* 

73          107           5^           *^ 

'37 

•     69     ' 

XIX.  |  Northern  Cmntie,    iz 

76           97          46      '     S3 

«3 

57     , 

]lll.l.VM>. 

82           85           78           98 
83          103           71           91 
85           97          7^>          95 

JJO 

104 
104 

'     85 
!      77 

89 

XXTIT.     Ulster  3 

Me«m 

80          97          66          95 
91         126          83         ioi 

7i     ,      83     ,      34          83 

114 

:     H3 

97 

79 

97 

£ 

1 
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BBPOKT— 1872. 

TABLES  OF  MONTHLY  BAIN- 
ENGLAND. 


Division  I.  —  MIDDLESEX. 

Div.  1I.-S.E.  COUNTIK*. 

MIDDLESEX. 

SURREY. 

Height  of 
Rain-gauge 
above 
Ground  
Sea-level  

Camdcn 
Square. 

Upper 
Clapton. 

Hampstead, 
Squire's 
Mount. 

Winehmorc 
Hill. 

Dunsfold, 
Godalnung. 

Wet  bridge 
Heath. 

0  fl.  4  in. 
lllft. 

1  ft.  1  in. 
91  ft. 

1  ft.  0  in. 

;jsr>  ft. 

lft.0in. 
350ft. 

2  ft.  ft  in. 
1(50  ft. 

Oft. 
15( 

1870. 

Gin 
)ft. 

1870. 

1871. 

1870. 

1871. 

1870. 

1871. 

1870. 

1871. 

1870. 

1871. 

1871. 

January  
February   ... 
March    
April  .   .   . 

in. 
1*38 

1'2I 

in. 
1*99 
1*27 

in. 
1*46 

1*02 

in. 
1-89 
1-32 

in. 
1*40 
n8 

in. 
1-79 
^33 

in. 
1-46 

1-47 

in. 
1*69 
3*55 

in. 

1-71 

2-70 

in. 

274 
1-43 

in. 

i'54 
1*87 

in. 

2*22 

•97 

2*31 

*47 
*70 

1*22 
2*69 
2*OO 

3*68 
1*76 

1-19 

2*84 
•92 

3  '49 
4*12 
•85 
5*28 

1*13 

•62 
•56 

rf 
1*98 

1-52 
2*98 

1*32 

2-79 
•65 
3*60 
3-67 

73 

5*22 

ro6 

2-09 

'77 
1*52 
1*97 
2*15 

1*36 
2*80 

3'12 
1*09 
2-48 

3'9° 
•89 

4;83 

•52 
1-15 

1-76 

'43 

1-06 

•86 
•63 
2-18 

2  '04 

4*00 

I  20 
299 

2*69 
•85 

2*50 

3'54 
•72 
4*98 
roz 
•66 
i*44 

1*82 

'20 
1*36 

3*ci 
2-08 
2*84 
3*66 

2*82 

1*43 

3*39 
•29 
2*28 

3-73 
1*36 

5'49 

1*20 

'43 

2*23-    i  31 
•32,     373 
'75  i       '3<> 
'59  j     »'99 
1-03  1     3*66 
2*19;       -97 
1*71  j     4'*7 

3*12         I'll 

1-24        *37 

2*96         1-21 

May   

June  .    .   . 

July    

August  
September  ... 
October  
November  ... 
December  ... 

Totals  

21*32 

25*02     19*61 

24*07!    20-12 

23-47 

20*08  !  23-17 

24*64    25*20 

'9'55 

23*22 

Division  II.  —  SOVTTI-E.VSTERN  COUNTIES  (continued). 

KENT  (continued). 

Si'ssnx. 

Height  of 
Rain-gauge 

River  Head, 
Sevononks. 

Acol, 
Margate. 

Sidcup. 
Foots  Cray. 

JJriphton, 
Lcwos  Road. 

Thorm-v.     ! 

! 
fliifhpater    , 
Museum. 

above 

Ground  

1  ft.  0  in. 

Ift.Oin. 

0  ft.  8  in. 

oft.  Din.          Of(..  Sju. 

0  ft.  (J  in. 

Sea-level  

con 

03  1  ft 

<  )0  n 

K)  (V 

1870. 

1871. 

1870. 

1871. 

1870. 

1871. 

1870. 

1871. 

1870. 

1871. 

1870. 

1H71. 

in. 

in. 

in. 

in. 

in. 

in. 

,   in. 

in. 

in. 

in. 

in. 

in. 

January  

February   ... 

1*99 

4*10 
1*93 

•92 

•32 

2*85 
•61 

1*09 
•86 

2*76!|     1-79 
roo  1     1-87 

2*98 
1-76 

3-4» 

2-S7 

4*05 
1-09 

1*69 
2-48 

s;<>9 

March    

2*11 

1*76 

1*24 

1-01 

2-16 

ru 

:    1-78 

1*02 

•30 

'57 

I§43 

•83 

Z1     '1  

'39 

1*77 

3*71 
•66 

•30 
1*1  1 

2*06 

-6n 

'33 
•67 

2*86 

'51 

4'55 

*00 

I  "7  6 

2*20 

•'7 

4-12 


June  

*63 

2-8  1 

1-31 

/: 
2-63 

•46 

2*76 

9° 
•29 

J9 

i  70 

*co 

57 
3'S5 

9° 
•24 

3-1  1 

July   

1"1Q 

•VJ7 

1*10 

2'OC 

I  *AI 

1"l  C 

"76 

1-16 

•08 

A'A8 

August  

I*9I 

2*49 

1*16 

*  W3 
'93 

I*67 

335 

1*00 

7° 
i    ^'50 

3  7° 

y° 

440 

i'6o 

i  94 
2*13 

1-41 

September  ... 

2*21 

4*71 

2-16 

328 

2*21 

5-02 

!     3-02 

3*46 

1-31 

4'47 

1*6, 

4'S1 

October  
November  ... 
December  ... 

6*05 
2*09 

1*92 
*89 

2*17 

3^3 
1*25 
2-29 

1*14 

•68 
1-82 

1*42 
3-28 

'99 
'49 

1*22 

2-70 
4-09 

169 

'77 
1-56 

3'95 
2*14 
2*64 

1*76 

"35 
1-50 

4*38 
1*79 
2*61 

•94 
rc6 

Totals  

26-32 

30-52 

16*38 

I9-7S 

18*63 

»ns 

25-42 

27*32 

20-58 

26*19 

21*37    25*86 

ON  THE  RAINFALL  OF  THE  BRITISH  ISLES. 

FALL  IN  THE  BRITISH  ISLES, 

ENGLAND. 
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Division  II.  —  Souiu-EisTKiiN  COUNTIES  (continued). 

SURREY  (continued). 

KENT. 

«—  j«J£W 

Kennington 
lload. 

Dover, 
Castle  St. 

TT   .         !      Linton,        Falconhurst, 
Jjytne.          Maidstone.   ;  Kdenbridge. 

1ft.  2  hi.     '     1ft.  ,Min. 

oft.  Oin. 

2  ft.  2  in. 

Oft.  ft  in.     !     d  ft.  Oin.     ;     1ft.  Oin. 

y;jft.           iyft. 

19  ft. 

.MO  ft. 

12ft.               2%  it.              400ft.       , 

1870.!  1871.    1870.    1871. 

i                     i 

1870.    1871. 

1870.    1871. 

1870.    1871.    1870.'  1871.'  1870.  |  1871. 

in.     i  in.        in.     i  in 

vi.     i   in. 

,   in.     i   in. 

in.        in.     i  in.        in.        in.     1  in. 

1-261    2-19      1-23      1-76!     roi      1-54 

2-44!     3-32 

2-41      3-13      1-66.    3-50;    1-90      3-73 

2-00  ;     -95*   1-27      -99 

•50      rc2 

;    -45    i-«3 

•84     213      1-14      107      2-49      rJ5o 

1-75  \     n6      i  78  '      -98 
•46'    3-39'      -40      2-69 

r8.fr1      '89 

193      ''4* 

1      -34:    459 

1-57      1-84      1-64      i  -44'    2-48}    rSo 
•43  i    403'      -43      2-80'      -43      3-60; 

•90,      -29       -82        -79 

•47,     x-  10 

•127         83 

j82         1-03  '       1-14'       1'20         I'llj       I-I4  ' 

•51'    3-51        -56      2-98 

roo      3-76 

|         -32         2  67 

!      7*!     3*J5j      '3*      29*        "49!     Y1S 

•55'    2-84       -65      3-23 

i  58  .    4-05 

!     -72  1   2*42 

1     1-311    2-921     1-95      2-84      2-59      3-24 

1-77!    roo      2-02        -95 

j    2001      -68 

1-31]      -88 

123        -84,    2-06      1-09      172,     1*63 

i'37      373      i'37      4'4a 

j      2'00  ,      4-84 

1-71  |    467 

239      466      2-08      444      2*80      4-07 

2-94,     1-19      2-57:     1-02 

!    3-16'      -82 

460,     1-40      490,     177      389      1-44      4*64      1*58 

1-58  1      -33      1-36;      -51 
2-48  •    1-24     2-61  '    nz 

,     175!      '3S 
2-17        -86 

3-96        3-04        3-53        2-01         I  70          76        2-44          -69 

4-19'     320      4-36      2-83'    3-68      1-62'    4-1  1  j    1-99 

17-57    21*82    16  64    21-44 

!    17-86      22  32 

23-24'    3027 

25-50    30*44    2169    25-12    27-20    28-42 

Division  II.--  Snrni-KvsTKRN  Corxncs  (cunti 


HAMPSIHRK. 


1  last  i 


1  ft.  ,Min. 


DalePnrk, 
Arundol. 


;ift.  r»in. 

,MUift. 


Bntdtf. 


IK.;}  m. 


1870. !  1871.;  187d.'  1«71.!  1870     1871. 


iii. 

in.     | 

in.     i 

in. 

in. 

in.     i 

2-52 

2-07  | 

2-52; 

2*85 

a>55 

2'6z 

1'02 

I'48  ' 

2*40  ! 

1-84 

i'39 

1-46 

1-97 

1-32  i 

r88, 

1-28 

1-96 

1-62 

•10 

5-02 

'41 

476 

1-20  ;    ~-9oj 
X31    I'S1- 

1-30, 
'3*' 

•82      1-9$ 

4-37'      -66 

2-45 

•89!    2'68 

3-44 

4-50      1-39      3-09 

17  S!      '9^ 

*<M; 

]    50         2-c8         1-20 

2-39      3-66 

2'2l 

3-7  j      3'ss      396 

4*96      1-42' 

577. 

r»4      5^4;     143 

2-73 

'56 

2'5> 

•85      2-81  ;      -58 

I'lnlerovt', 


dfl.lnn.     • 

-jsift.      ! 
1S70.1  1871.! 


in.     I  in. 

*'4°i    3'53 
3-38 :    1-94 

2  08  I  1-47 
-2  I  I  473 
1-44  I  -6l 

•44  i    3'84i 
i'62(     5-31! 

^'  SI 
,76' 


Balcoiub 

Pl:uv, 
CurUield. 

1ft., Min. 
,MdO  ft. 


IVt worth       St.  Lawrence, , 
liecton.       Isle  of  Wight.' 


2  ft.  Oin. 
UH>ft. 


1ft.  Oin. 

7:>ft. 


- 


1870.'  1871     1*70  1871.  1870  1871.' 

i . 

in.     !  in.      |   in.  in.  in.     j  in.      j 

2-17  j  4'3V     «'85  3'"  1>83:  3''8, 

2-44!  2-31  I      366  185  2-20'  I'SS' 

2C6J  174!      2'21  r92,,  I'79  -96! 

•30'  4i°        '23,  3'6°;  '33'  3T,  I 

i-ic;  79 '     r88|      -28,  1-23  -06 

•28  i  2-64J        -56!  2'39,'  '.'5  2-C2J 

2-23]  31?  I    2-34!  4-34''  r6o  4-14'; 

2-70  j  i'93'     rSo  1*36  1-24'  1-461 

287'  4-18,     2-36'  4'Si  1-59  570 1 

5-06'  1-25,     5-64'  1-53  4'5?i 


23-03 


3-57 


2-32 


2-10 


2-28 .      -47  § 


4-02 1    2-06!    3-181    1-82       yo6      1*17, 


,2-09    27-40!  29-87!  28-45!  26-161  27-57!  33-19    27-55!  29'29i  2?'8i'  *7'6°'  Z1'99'  a6'1 3; 


190 


RKPORT — 1872. 

ENGLAND, 


Division  II.  —  SOUTH-EASTERN  COVNTIHS  (continued). 

*                                         HAMPSHIRE  (continued}. 

Height  of 
Bain-gauge 
above 

Ryde, 
Isle  of  Wight. 

Osborne, 
Isle  of  Wight, 

Farcliam. 

Shirley 
Warren, 
Southampton. 

Selborno. 

Li«, 

Pelersfteld. 

Ground  

7  ft.  0  in. 

0  ft.  8  in. 

H)ft 

Oin. 

4ft. 

0  in. 

4ft.  0  in. 

0  ft.  7  in. 

Sea-level  

1>0  ft. 

172  ft. 

3(5  11. 

NX>  ft. 

400  ft. 

250ft. 

1870. 

1S71. 

1870. 

IS"  I.    1870. 

1871. 

1870. 

1871. 

1870. 

1871. 

1870. 

1871. 

January  

m. 
1-81 

in. 

325 

in. 
181 

in. 
33° 

in. 

273 

in. 
2  60 

in. 
2-63 

in. 

2'12 

in. 

2  03 

in. 
3'ii 

in. 
2-S8 

in. 
2-41 

February   .  .  . 

2-94 

'      I  '46         2  32 

*  53 

r43 

1-15 

2-38 

1-28 

3'95 

1-77 

4-08 

2-08 

March    
April  

1-23 

'21 

no 

4'co 

1-58 

••jS 

J'24 

4*12 

i  So  ,     1-23 

•in         1'oS 

'-Li 

1-48 

2-67      2-04 

2-86 
•<jfi 

3'24 

A-  8  "7 

May   

IM2 

"tQ            T',4  t 

"•?  C 

i"f7             'fr\ 

44      *f  ^ 
i  i-»n  1        "y  7 

il 

T   }) 

3° 

407 

June  

•I9 

2-68 

•18 

2-48|          'I? 

j- 
3'05 

•38  i      2'9S 

1  9S 

•52 

377 

i  77 

•40 

286 

July     
August  
September  .  . 

I-27 
1-94 

1-68 

4'M 
1-80 

6-31 

•72 
2-09 
1-93 

407 

1  M4 
611 

•66 

2-42 
172 

4'53 
2-15 

4'93 

i'37 

I«2 
*'4S 

4-53 
1-44 
6-16 

'49 
1-66 

2  39 

4'43 
2-30 
6\n 

'35 
2-49 
1-31 

5'4J 
1-89 
6-^6 

October  
November  ... 

4-46 
2-83 

1-89 
'49 

4-46 
i'9< 

1-92 
'49 

437|     179 
2*241     1-32 

3S3 
2-04 

2'00 
•82 

4851     1-85 
277  i      '57 

5-72 
2-66 

2'02 
•5S 

December  .. 

3''5 

''55 

3-22 

2'20 

402      184 

285 

2'I3 

329 

2-40 

3-47      2-61 

Totals  

23-13 

29-14 

21-96  i  29-26 

24-52 

29-07    23-47 

29-25 

26-89 

33-43 

28-05 

347* 

Division  III,—  SOUTH  MIDLAND  CorxriEs  (continued). 

BlTCKINGIIAMSUIttE. 

NoHTIIAMPTOX.                 ;       I^KDPOUD.      |j                   CAUhltlDRE, 

1                                                    !                          i 

Height  of 
Rain-gauge 
above 
Ground  
Sen-level  

[lighWycomb. 

i     Altlionie 
!      House. 

Wcllillfr- 

borougli. 

on.;tin. 

Cardington. 

Wisboch, 

Oulwell 
Sluice. 

0  ft. 
22." 

1870. 

'.)  in. 

ft. 

1871. 

-3  ft.  4  in. 

310  ft. 

j  1870.  |  1.X71. 

i      Oft.  Oin. 
106  ft. 

1870     1x71. 

ort 

10 
1870. 

(>  m. 
ft. 

1871. 

in. 

•87 
2-07 
1-15 
3'<>7 
74 
4-11 
3-52 

ns 

3'92 
1-35 
1-39 
1-28 

4ft. 
1C 

1870. 

Oin. 
ft. 

1871. 

1870. 

1871. 
in. 

I'OI 

1-25 
1-31 

245 
'54 
3-17 
380 
"Si 
3*47 
"97 
•81 
•88 

January  
February   ... 
March    
April  

in. 
1-50 

2'22 
171 
•29 
*93 
"43 

•86 
1-87 
2-17 

3'03 
1-23 
2-57 

in. 
1-50 

I'lO 

1-13 

2-94 
•28 
2-50 
272 
•8  1 
5-10 
1-03 
•62 
I'ai 

in. 
1-24 
1-84 
•96 

'H 
•8  1 
1-65 

2-17 
no 
3-14 

I'27 

1-87 

in. 
1-14 
1-09 
1-19 
2-44 
•64 
3'94 
4'17 
79 
4-04 
1-28 
•82 
•89 

in. 

TJ2 

I-27 
I  OO 

•63 
•65 

•90 
2-17 

2-16 

•83 

3-07 

1-09 

2-32 

!   in 
•70 
1-05 
i     r6o 
'So 
|      '65 

TOO 

r6o 
1-50 
•80 
2-62 

!     rco 
!     2-85 

in. 

'9°, 
no 

1-31 

200 
T20 
3'25 
l'T-5 
•60 
4-90 
•84 
I'OO 

•85 

in. 
'97 

I'OI 

rc9 

75 
•69 
2-47 
2-04 
1*46 
1-96 
3-28 
i'38 
3'39 

in. 
1-27 

*47 
-69 

'54 
"43 
1-90 

3*29 
1-41 
1-15 

2'37 

•86 
2-23 

in. 
•46 
''39 
•52 
2*86 

73 
4-00 
1-89 

'47 
3-21 
rc4 

PA3 

•67 

May    

Juno  

July   

August   
September  ... 
October  
November  ... 
December  .. 

Totals  

18-81 

20-94  jj  17-21 

22-43 

17-21 

20-17 

I5-87 

21'20 

20-49 

24-82 

i6'6i 

18-37 

ON  THE  RAlNFAlL  OF  THE  BHlTlSH  ISLES. 

ENGLAND. 
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Division  II.—  SOUTH- 
EASTERN COUNTIKS 
(continued). 

Division  III.—  Soura  MIDLAND  COUNTIKS, 

HAMPSHIRE 
(continued). 

UF,,KM,IK, 

llKltTFORDSlUKr.. 

OXFORDSHIRE. 

i 

Aider-shot. 

Long 
Wittenham. 

Bcrkliamp- 
staid. 

Hoys!  on. 

Hitch  in. 

Kiulrliffe 
Oxford. 

Banbury.    i 

0  ft.  0  in. 

;H6  ft. 

1  ft.Oin. 
170ft. 

1  ft.  (>  in. 
,'170  ft. 

0  ft. 

t>(;< 

1X70. 

(i  in. 
>ft. 

1X71. 

Iff.  4  in 

L'.'iX  ft. 

1870.  i  1X71. 

Oft.«in. 

7ft. 
tf5( 

Oin.     ; 

)ft.      | 

1870. 
in. 

HI 

378 
•34 
1-25 

'35 
"53 
1-58 

2'U 

3'68 

rSo 
3-18 

1871.  ! 

1870. 

1871. 

1870. 

1871. 

'  i      ' 

1870. 

1871.  ' 

in. 

2-17 

1-38 
3-18 

3-66 
3T 

It 
174 

'49 
1-80 

in. 

1-30 
1-82 

•63 

'91 

•50 

73 
3'oj 

''77 

1-14 
1-62 

in. 

i'47 
116 
1-26 
2'oi; 
•76 

2'6l 

4-18 

•50 
4-26 
1-36 
•48 
'43 

in. 
i  60 

2-82 

200 

'•V7 
nj 

1-66 
30; 

2  21 

i  <;<> 

in. 
i  So 

'•55 
1-61 
2-89 
ri2 

3'r- 
528 

1-14 

76 

in. 
•82 

rco 

2  00 

•38 

74 
1*17 
1-48 

273 

in. 

1-30 
i  32 
2-18 

'97 
292 

2  1C 

43 
4-90 
'52 
•88 

111.     |   in 
ri?!     117 

•»s!    ^l: 
79      2<43 

I  20         3-67 
1-23,         '62 

3-47           'Si 
1-29.         '93 

2-6^      i  15 

in.     !   in. 
rifi|    MI 

J'9'i        97 
1-65         -95 
•53       2'6i 
l  03  ,       -43 
'66,     3'iy 
•89  •'     3-78 
2-3;        -50 
132;    4-66 
291'     1-19 
1-15        70 
200'    1-07 

in 
1-33 
2-44 
149 
•66 
1-17 

75 
1-09 

173 

'•33 

3-84 
1-90 

2'20 

in. 
1-13 

I  '20  | 

H3  f 

3'99 

4*07! 

75, 

I-201 

•80 
,    119 

1*60,    271 

•88 

22-94 

16-88    21-52 

25-01 

25-36    17  16 

19-07 

17-761  20-84 

17-56'  21-14 

19-93 

1 





1 

Division  IV.  —  EASIKKY  Conm^. 

i 

V, 

^KX. 

Sl'FFOLK. 

TheHemnalls. 
Epping. 

Dnrwnnl'g 
Hull,  Witliam 

Dunmow. 

nocking.           Ashdon         ,                          Cnlford,      !i 
IJraintrci.    I      Hwlory,       (li<untli^ll*gh  !     Buiy  Bt     ;| 
i                                             ;    Edmund  8.   ,! 

Oft  8  in. 

Ifi.Om. 

Oft 

0  in. 

,'Jft. 

it  in.           1  ft. 

Oin          ,']ft.()in.         1ft.  2  in.     '! 

345  ft. 

>l>0ft. 

•j:i 

M't.              o(X)ft.               .... 

1870. 

1871. 

1870.    1871. 

1870. 

1871 

1X70. 

1X71.    1X70. 

1X71.     1X70.    1871. 

1X70.  !  1871.  ' 

i 

in. 

in. 

in. 

in. 

in. 

in. 

in. 

in. 

in 

in.         in.        in. 

in.     1  in.      > 

1-65 

178 

1-82      1-59 

•98 

1-40 

1-07 

172 

'85 

74       roi       i  22 

•89 

ro8 

1*24 

170 

"97      r^9 

7S 

''53 

•83 

176 

i  "87 

177:          76        2'II 

7* 

2-07 

161 

1-83      1-40 

r68  i     i  '20 

2-13 

rn 

178)     no       1-96        -97 

1-87 

J'47 

•30 

275 

•48      2-94 

•40 

2:6o 

*n 

2-65 

•52 

2-37         -6  1      3-61 

7» 

370 

72 

•56      1-14 

•83 

1-07 

•90 

'47 

'49 

•6S         75        -51) 

•36 

,•63  | 

•63 
•88 

3-50 
267 

•28 
1-15 

2-16 
268 

'49 
•99 

2  '90 

•6  1 
i'33 

3-15 

-90 

I'22 

2'S9            '42!      2'  SI 

3  53       i  36      2  -»7 

•9* 

2-00 

3-30 

1-66 

•83 

275 

•99 

j-68 

•65 

2-17 

•92 

170 

•53        176        -65 

177 

•29 

2'  54 

4-60 

''93 

3-61 

2-31 

4'42|      1-55 

4'53 

i'39 

4*4"  i     1-49'     374 

1*58 

4-40 

3-65 

ri6 

2-94 

•98 

2'8o 

1-26 

3'47  i     1-28 

275 

1-24,,     3-161      -63 

3-03 

''34 

•65 

1-30 

•25 

rco 

76 

•83 

•89 

•90 

'Si    j;              '63              r85 

•89 

1*52 

3-12 

1-82 

276 

1-64 

!>53 

377 

171 

2-90 

1*33  /    371      ro6 

4-01 

"99, 

19*82 

2379 

1877 

20-77 

«7'n 

21-66 

18-99    22-73 

17*271  2i'46|;  17-62!  2171 

18-94 

H7«j 

192 
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Division  IV.  —  EASTERN  COUNTIES  (continued). 

Division  Y.  — 
SOUTH-WESTERN 
COUNTIES. 

•                              NORFOLK. 

WILTS. 

Height  of 
Rain-gauge 
above 
Ground  
Sea-level  

Gehleston, 
Beccles. 

Cossey, 
Norwich. 

Egmere, 
Fakenham. 

Holkharn. 

Wilton, 
Salisbury. 

Marlborough 

College. 

1  ft.  0  in. 

40ft. 

1  ft,  0  in. 

4  ft.  8  in. 

no  ft. 

Oft. 
#J 

0  in. 

0  ft.  ,r>  in. 
l.")()  ft. 

Oft. 

450 

1870. 

Oiu. 

ft. 

1871. 

1870. 

1871. 

1870. 

1871. 

1870. 

1871. 

1870. 

1871. 

1870. 

1871. 

January  
February    .  .  . 
March    
April 

in. 
ro8 
•61 
1-48 
•61 

75 
i  -08 

in. 

'95 
1-59 
1-09 

2*l5 

in. 

•80 
1-54 
•88 
•61 

in. 

73 
rS8 
•96 
3-12 
1-03 

in. 
1-26 
•84 
1-96 
•91 
•66 
1-90 

in. 

'43 
1-63 

•91 
2-99 
1-36 

3-30 

in. 
•80 
i  -oo 
1-63 
'95 
'45 
1-65 

in. 

•50 
1-50 
•68 

3'°5 
i'5o 
2-13 

in. 

3  '4° 
1-89 

'44 
rzi 

•40 

in. 
2-89 
1-81 
1-61 

4-58 
•72 
1-98 

in. 
1-87 
2-48 
2-06 

•54 
2-14 

•35 

in. 
2-92 

1-50 

3-83 
1-17 
2-98 

May   

T       J        

June  

T      l.r 

August   
September  ... 
October  
November  ... 
December  ... 

*'35 

r»o 
•9' 

2-18 

"•62 

2-03 
273 

3-13 
•51 

2'20 

3-10 
•60 

1-32      4-93 
1-98      2-04 

173 

I  01 

'f 

1-16 

3-08 
77 
3'95 

4'04      i  -oi 
1-12      3-85 
2-50;     1-43 
1-031    4-15 

3'9' 
1-65 

2-55 
1-28 

H3 

4-10 
1-90 
479 

i  71 
2-26 

1-05 

3  60 
r95 
4'io 

170 
ri2 

1-39 

562 

2-70 
^'55 

474 
2-77 
•67 

2-92 

I  20 

4'54 

2-02 

1-86 
•66 
2-48 

Totals  

19-27 

22-18 

21-29    24*02 

24-41 

H'47 

20-74 

22-28 

25-25 

31-66 

23-41 

30-46 

Division  V.  —  SOUTH-  WESTERN  COUNTIES  (conti)iuc<l). 

DEVOXSIIIRI:  (muti/iucd). 

Height  of 
Rain-gauge 
above 
Ground  
Sea-level  

Landscore, 
Teignmouth. 

Broadhem- 
bury, 
Honiton. 

Cove,           Castle  Hill, 
Tiverlon.          fc'.  Molton. 

Oreat 
Torrington. 

' 
Barnstaple. 

0  ft.  G  in. 
200  ft. 

1  ft.  G  in. 
400ft. 

Oft.  4  in. 
?  400  ft. 

3  ft  f>  in. 

?  200  It. 

1  ft.  1  in. 

;wa  ft. 
LSTO.  1871. 

0  ft.  t)  in.      ! 
31  ft.         | 

1870. 

1871. 

1870. 

1871. 

1870. 

1871. 

1870. 

1871. 

1870. 

1871. 

January  
February    .  .  . 
March    
April  

in. 
2'o6 
3-12 
2-53 
'35 
i  '43 
•10 
•84 
•65 

2-48 

in. 
2*69 
2-39 
2-88 
471 

1-87 

379 
1-41 
7-07 
3-32 
3*44 
2*69 

in. 
2-08 
274 

'$ 

1-27 
•18 
•64 

1-05 
r8o 
5-08 
271 
2-46 

in. 
2-96 
1*96 
i  06 
5*09 
*55 
2-93 

>'53 

5-32 
3'69 
1-50 
2-81 

in. 
2*92 
3-29 
2-47 

•21 

•28 

'47 
1-62 
2'05 

8'6o 
3-28 

4-40 

*'53 
1-76 
4-36 

'34 
2-64 

477 
i  13 
6-49 
485 
2-14 

in. 
2-99 
2-48 
1-62 

'49 
2-36 
1-49 

2  '00 

2-44 
2-59 
971 
2-43 
2-52 

in. 

4"20 

2'20 

3'6o 
'33 

2'I  I 

6-3, 

roo 

4'55 
4-14 
2-42 
2-86 

in.        in. 
296,     2-93 
1-85  ;     2-85 

I"95         2'2O 
'22         3-66 

2j6J       73 

•64!   2-95 

I'll  '    4  85 
1-59,     1-42 
2-23  j     5-09 
9-03  j     6-26 
4-30;     1-51 
1-96  i     3-34 

in. 
3-19 
1-89 

174 
•58 
1-63 
•92 
1-17 

i'35 
2-04 
8-50 

1-42 

in. 
378 
2-68 

174  I- 
3^3 

'96!, 

6'oi 
175; 

4'37! 

6'12  i 

£79, 

May   

June 

July   

August  
September... 
October  
November  ... 
December  ... 

Totals  

21-62 

36'57 

22-48 

34-38 

29-89 

39-72    33-12 

36-80 

30-00    3779    2879 

38-00 
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Division  V.—  SOUTH  -WESTERN  COUNTIES  (contiinwl). 

1 

\VlLT3 

(coiitmurrt).  \ 

DORSET. 

'i 
;| 

DEVOXSIIIRE.  » 

, 

Chippenhnm, 
TytWton. 

Bland  ford. 

Doivhcftfcr. 

T,  .  ,      ,      '!      Sal  tram 
JJridport.           Garl'i 

Totnc 

•«rt. 

Dartmoor 
Reservoir. 

1  ft.  2  in. 

1  ft.  0  in. 

Ofl.(>in. 

Oft.  8  in.         Oft.,'}  in. 

1  ft.  0  in. 

Oft.  2  in 

KK)  ft        ' 

2r>0  ft. 

(ioft.           a")  ft. 

120  f 

| 

HOOfr 

1K71. 

IS70.    H71. 

1870.    1871. 

1870.    1S71. 

1870.    1871. 

1870.    1871.     1S70.I  1871. 

1870. 

in.        in.     ,' 

in.     1   in. 

in.        in. 

in.     i   in.         in.     1    in. 

in. 

in. 

in.     !  in. 

1     r85  1     1-84 

1-75      307 

2-41      3-99 

i  74      *'99       3'9°      4'i° 

390 

46, 

5'47>     5-37 

1-57      ro6 

40;;;      2-C" 

2-90        2  04 

2  23      2*26       3  90'    2  78 

457 

3'35 

5-67      6  23 

l'3I  ;       1*17    , 

1-77        290 

2-06      2*58 

1-93         1*77          300         220 

3  31 

2*46 

5-09      3  0.1 

'45      3'*3 

'29  ,      481 

•58      5*86 

•53!    4'96        '5°,    63^ 

'34 

V56 

'77      9  99  ! 

1-44      1-41 

I-2I  '         '84 

1-67      1-15 

1-44       -99       1-84;      -18 

2*40  • 

•27 

376        54  j 

•56      3-26 

'35,    2>9<> 

•40  1    3-17 

76         2'04            '25         2*11 

'^5 

26^ 

1-07;    4-43 

•92      4-06 

,     1-721     126 

129      437 

2'  1  3  ,       1  69 

•851    411 
1-60  1    1*91 

•66      3  96       135      6  86 

•82           '80          3*05         2  50 

I  20 

6*07 
1-64 

277'  11-47 
2-58      Vi6- 

,     1-17      5-68 

1-33      4-63 

1*96      5-60 

•99,    4*50      200      444 

2*10 

862 

2-79'     8-18, 

!    3-52     1-37 

5-31!    2*89 

4'55i    5°9 

352      275      4-15      9-11 

636 

5  T' 

9-27  i    8-cS  , 

1-62      -59 

2601    1*46 

242j      2-02 

i     i  86  j     i  29       420      1-55 

3  39 

239 

3'94-     193 

2'O1         2  OO 

303'    2-59 

4'26  ,    2*97 

i    3'84:    i'53       3^7      47° 

37i  i 

5*7 

377'     6y«i' 

18*14    26-93 

25-11!  34*23 

25-66    40-49 

20  32     30-84     31-31  ;  46  88 

32-97 

48-41 

46-95     69-33, 

Division  V.  —  SOUTH  -"\YESTKKX  Corxrins  (con 

turn,!). 

CORNWALL, 

IIoMone. 

ta. 

jTffif 

Truro,  "Royal       "Rodmin, 

Institution.    ,  Cuttle  >StrLvt 

Tivliai 
1  1  on 

L 

Altarnum 

f>  ft.  0  in. 

3  ft.  0  in. 

j     Of(.(>in. 

40  fl  Om.    i    2ft.  (5  in. 

2ft   (.)m. 

Oft.  10  in. 

11(1  ft. 

out. 

!    100  n. 

;on.      :     ;j;wft. 

M 

570  fi. 

;  1K70.    1871. 

1870.,  1871 

.  1870.    1871 

'  1870.'.  1871.    1870.    1S71 

1870. 

1X71 

.    1870     1S71. 

. 

2-46     4-95 

2*77       5-96      4*85      3-30      3-19,    4-29      4-16'     4*82      3-18 

2  08  |       5*19'       5-64 

2-771    1*67 

3-53      2-24'    4'so      3*10      361      2-19      $  37      366      273 

'  53      644      4-13 

2-76'     1-14 

3*3'       IT 

i     3-50      rcc 

)      2*4^       i  57      279       i^c 

3ai,    Z99 

'20  i      487 

:       -10      4-47 

I       145         380           -jS;      4-14           -30         5*64            22. 

3-56       -33  1    6-42 

1*44        -90 

1*72        -37;      -32      160      1721       •(;<;       267        -46       roo  , 

'S1 

3'77-      '7i 

•66  i     1*25 

•43'       T2O           '50         1-90           '32         I   19             8ij         267,         '20 

•Si        ^3      3-17 

*9'      5*S 

!     1*76      534      roc;     515      r-191     SH      2  n      5'67      *'-*  ! 

4'77  ;      2-0$        7-07 

2-12      1-35 

2-00'      1-94        4*30        2*3 

2-2^      1-85      3  94      2  50      1  41  i 

i'2o  ,     3*47      2'64 

1-23',     8-27 

r6o      790      2*00  i     6*00       1*49"     8-50      2141     $2e;       i  6!> 

5'94      *  57      7-84 

478      5-38      602      636'    6-u  i    4-90      5791     $-K)      7-56,    7-39      4-11 

51 

4,  10-55,    8-56 

4'fy      34i      -Til'     3*1 

5      4-87      3'3 

o      4-131     228'     423,     1-77      2-52 

i'i 

6  ,    5'2i  ,    1*94 

•    2-64      316'    3-21      4-19      360      3'5o      2'8i  ;    rS6  ;    3  58  j    4-49      215 

2'2 

5      3*4',    5'»3 

1  27-66    41-60    31*61;    4471     37*00'  39*9 

*    »9'43  j  39<S5  ,  V/73  \  49'  l 

2     23*16      30  l6     4779;   56-24 

1872. 
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Division  V.  —  SOUTH-  WESTERN  COUNTIES  (continwd). 

Division  VI.  —  WEST 
MIDLAND  COUNTIKS. 

SOMERSET. 

GLOUCESTER. 

Height  of 
Rain-gauge 
above 
Ground  
Sea-level  

Maid's 
School, 
Tamil  on. 

Ilchester. 

Shcrborno 
Reservoir, 
East  Ilnrptroe, 

Unthea.slon 
Reservoir. 

Clifton. 

Cireiicester. 

Oft. 
1ft. 

1870. 

,")  in. 
Oin. 

1871. 

2ft,. 
41) 

1870. 

Oin. 
ft. 

1871. 

in. 
3-19 

i  '45 
1-40 

4'34 
•80 

n« 

4<J2 
2'J2 

4'94 
2-68 
•98 

2'54 

ll't. 
&> 

1870 

Oin. 
ft. 

1&7I. 

2  ft. 
!22( 

1S70 

0  in. 
»ft. 

1871. 

Oft, 
It): 

1S70 

0  in. 
ft. 

lfi"l. 

1ft. 
4i>( 

1870. 

2  in. 
lit. 

1871. 

January  
February   ... 
March    
April  
May   

in. 
i  '44 
1-95 
1-41 

'45 
ro8 

78 
•19 
2-42 

I'll 
3-90 

3'02 

1  62 

in. 

279 

I'22 

1-55 

3-24 

75 
1-93 
2-99 

$ 

2-95 

i'35 
2-15 

in. 
1-85 
2-09 
i  -06 

•41 

•70 
i  -06 

2'7b 
I-67 

r?7 
4-01 
2-68 
2-09 

in. 

4'39 
2-88 
2-60 

•87 
2-77 
•87 

2*21 
1-98 
1-52 

9-64 

2'9s 
267 

in. 
2-96 
2-58 
259 

5  59 
i  -02 
2-48 
621 

2   15 

5-67 

3'54 
1-48 
4-25 

in. 
1-85 
165 
1-13 

•5r 
1-70 
•70 
•87 
'95 
•80 

44S 
i'7S 
1-50 

in. 
1-90 

I  20 
J'20 
2-65 

no 

2-40 
4-70 
•So 
4-6  < 
165 
•62 

2'20 

in. 

2-48 

r4o 
r58 

'57 

1-54 
•62 

i  47 

2CO 

1-77 

5'33 
274 

''93 

in. 

2  12 

1-56 
149 
3-76 

]'2I 

1-45 

5'" 
1-86 

r+ 
243 
•63 
2-24 

in. 

*'45 
i  -80 
1-76 
•68 
r8o 

'75 
r8i 
274 

I  22 

4'54 
22b 
2'20 

in. 
r?6 
172 
1-65 
3-65 
170 
3-00 

4'3i 
278 
670 
2-30 
•40 
i'33 

July   

August  
September  ... 
October  
November  ... 
December  ... 

Totals  

19-43  '  24-90 

21-75 

3330 

3S35 

40-52;     17-85  !    25-07 

23-43  |  29-10  '  24*01 

32-40 

Division  VI.  —  WEST  MIDLAND  COUNTIES 
(continued). 

Division  VIT.  —  NORTH  MIDLAND 
COUXTIKS. 

WORCESTER  (continued). 

i              WARWICK. 

L,:,rr. 

-• 

'i 

Height  of 
Rain  gauge 
alx>ve 
Ground  
Sea-level  

Orleton, 
Tenbury. 

Arden  House, 
Henley-in- 
Arden. 

Birmingham. 

Wigston. 

Thornton 
Reservoir. 

Bolvoir  Castk 

i 

Oft.  Din. 
200ft.? 

2  ft.  0  in. 

400  ft.  ? 

Oft.  10  in. 
310ft. 

0  ft.  (.)  in. 

1>  ft.  8  in. 
4'JO  It. 

1ft. 
U:i7 

1870. 

)  in,     i 
ft.       II 

1871.'! 

1870. 

1871. 

1870. 

1871. 

1870. 

1H71. 

1870. 

1871.    1870. 

1871. 

January.  
February   ... 
March    

in. 

2*50 
1-86 

'79 
1-40 
•61 
1-68 
2*09 
1-25 
4-87 
2-78 

2'01 

in. 
2-82 

1-93 

176 
2-84 
•97 
3'45 
3-48 
1-29 
7-25 
2-93 
•80 
1-47 

in. 

1-27 

i     i  '47 
1      '71 
"97 
•88 
i     1-18 
'    i-86 

3-66 

•      2'12 
,      2-l6 

in. 
1-40 
1-43 

?! 

1-61 

4-30 
5-18 
'97 
575 
1-17 
•89 
1-49 

in. 
2-29 
2-30 
1-66 
•91 
1-30 
78 
1-27 
172 
•80 

6-22 
2'2C 

22C 

in. 
1-49 

i'73 
1-24 
3-85 
216 

300 

ri8 
6'oi 

162 

. 
jn. 
1-63 
1*64 
no 

•ss 

•60 

I  'CO 

1-89 

r6o 

3'4| 
138 
272 

. 
in. 
96 
1-29 

'94 
276 
1-34 
3-87 
4-28 
•88 

4'57 
ri2 

1-23 

in. 
1*67 

I  '47 

49 
•So 

I'Cfl 

n6 
r6i 

1-17 
4"57 
165 

*'33 

in. 
1-07 
1-28 
•87 
2-86 
207 
378 
422 
•69 

5*47 
1-61 
ric 
ro8 

in. 
1-62 
2-13 

'•89 
•62 

•97 
103 

1-14 

'54 

3'4' 

in. 
1-27 
1-15 

I'C4; 

r?3 
2-87 
4-29 

'? 
4-67 

1-24 
1-50 
•88 

May  

June  

July   
August  
September  ... 
October  
November  ... 
December  .. 

Totals  

H'i7 

30-99 

I9-I4 

*9'34 

23-65 

30-62 

18-27 

24-28 

19*33 

26-10 

19-28 

43*54 
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Division  VI,—  WEST  MIDLAND  COUNTIES  (continued). 

GLOUCESTER 
(continued). 

HEREFORD. 

SHROPSHIRE. 

|                                 WOKCESTBB. 

Quedgelcy. 

Stretton 
Rectory, 
Hereford. 

Haugliton 
Hull, 
Shifnall. 

Hengood, 
Oswentry. 

1    Jforthwick 
I       Park. 

West  Malvern. 

Bromsgrove. 

! 

0  ft.  10  in. 

1  ft.  0  in. 

a  ft 

r>m. 

6n.  0  in. 

1      1ft. 

Gin. 

1  ft.  (5  in. 

4  ft  4  in. 

M)  ft. 

11)8  ft. 

3,wift. 

470ft. 

1      .... 

8T>Ofi. 

L>73ft. 

1870. 

1871. 

1*70. 

187  1  ', 

1870 

1871. 

1870 

1871. 

;  1870. 

1871. 

1870.!  1871. 

1870.    1871. 

in. 

in. 

in. 

in 

in. 

in. 

in. 

in. 

in. 

in. 

'  in.      ,  in. 

in.        in.     | 

'73 

1-44 

r6o 

2-53  '1     1-50 

178 

3'33 

2-71 

'•    1-67 

20$ 

i6s!    251 

1-38      1-27 

1-28 

170 

2  06 

MS  II    176 

1-62 

263 

3-60 

:      -81 

i  18 

2-48  i     i  06 

1-98 

177 

»'57 

i-So 

*  57 

1-28  1     i  54 

•84 

r*» 

2-14 

1  77 

1-31 

169'     1-51 

•     J>49 

X'Ol 

!      '7* 

2-80 

•.6 

2-12 

1x9 

2-92!     rc$ 

275 

95 

333 

•66      3  70 

i      '" 

2'12 

i     i'44 

1-30 

rc8 

'9S 

76 

1-18,     2-31 

i  Ho 

1-31 

74 

•92  1     in 

i      '9°      r95 

•68 

273    ,         -21 

37*!      -54 

a-Jij      '54 

3Z3 

74 

3'34 

it-7,     633 

'      '99 

2-85 

:  n° 

4-34       rc2 

r»4     i  <-'4 

3-461      -92 

46^ 

,     J<-4 

34i 

1-13      35> 

:  J  s* 

4'30 

ni 

I  42         -40  ,     i  77 

2-qa 

1-49'     1-70 

1-94 

3cc 

•     164 

i  "4      1-66 

i     24° 

•63 

1*62 

5-52  •;     -86 

6-43          *7c 

S?7-     1-93 

5^9 

•      i  82 

687 

1-19      7  S3 

•84 

6-08 

2-S8 

2-2  s;i    396 

3  4°       4'47 

2-98      7  26 

S<9 

33* 

1     i  C4 

3  99      i  64 

i     44> 

1-89 

275 

•56  ;:    i-78 

'95  i     a?S 

•89      4-00 

m 

2-54 

,       86 

3.0         T24;       1-78 

•42 

,      2-02 

2*40  ,    1*67 

Ml       241 

1-32!     271 

1-90 

*  53 

I     i  ib 

i 

i     i  8S      1-92      1-96 

1-24 

j  >9''5 

27-96 

16-77 

2917 

21-48 

26-06 

31  26 

3600 

!    2176 

}  17-63 

1  21-40;  3371 

j    20  6l 

25  61 

Division  TTT.  —  XOKTTI  MIDLAND  COUNTIES  (continw1). 

LINCOLN. 

NoTTIlTftllAM. 

Lincoln, 

Market  Rascn. 

Gainsborough. 

Brigg.       !     GrimibT.    ! 

!           *    1 

Now  H 

ollurnl.1     Welbwk. 

,3ft  fiin, 

,'l  ft.  0  in. 

fl  ft.  (>in. 

flft  (5  in.     :    If)  ft. 

Oin. 

»  ft 

»  in.    1      4  ft.  0  in. 

2llft. 

100  ft.          ;r>  it. 

H'.ft.        ;        4l>ft. 

18ft.               80ft 

1870. 

1871.1  1870 

1871. 

1870. 

1871 

1870 

1871.!  1870. 

1871. 

1870. 

1871. 

1870.  !  1871. 

f  in. 

in. 

in. 

in. 

in. 

in. 

in. 

in.     I  in. 

in. 

m. 

in. 

in.        in. 

'94 
"39 

•42 
1-23 

1-35 

i  72 

70 

1-30 
roi 

'37 
rc4 

no 
2-41 

•661      -79 
1-79      i  23 

1-23 
1-44 

163 

•78       i-45 
1-89  ,    1-62 

1-41 

I'20 

'So 

!>54 

•88 

61 

•31 

2'17 

•65  (     i'53 

77 

1-99 

•8  1 

2-20 

1           ff 

'93 

•48 

2'00 

•68 

3  06 

'55 

4'77 

'44 

2911      73 

2-74 

'43 

•66 

3'°5 

:   -82 

J<75 
•90 
1-19 

TOO 

•63 

2-21 
2-98 
"55 

•63 

•90 
1-87 
i-ii 

1-25 
3-40 

3-00 

•76 
1-38 
1-05 
1-56 

T22 

'44 
3'35 
2-94 
1-04 
4-68 

'59 

2'4S 

68 

1-46 

I7S;      '59 

273J      "io 
176!     1-68 
5-87!     1*03 

I'li 

1-37 
406 

;94 

376 

1-03 
3*61 

3^5 

1-07 

5'°7 

i      '95 

i    r89 

1  ;*° 

T2I 

3'7» 
3-21 
•98 

1-56 

•70 
1-20 

1-91 

'43 

1-77 

PS 

.-,6 
1-09 

673 
1-42 

ro3  j    5"57|     H< 
ri6,    2-15      1-39 

6-15 
ri2 

roi 
1*85 

1-81 

1-78 
•81 

2-14 

'97 

1-99 

1-62 

1-31 

1-18 

2*84 

1  19      2-90 

1-41 

i  »'« 

rji 

2-48 

''57 

16*29 

I9*I2 

25-26 

23-15 

1  6*44 

231-37 

24x6 

24-17  i   20'IO 

22-68 

13  67 

i 

24-56 

21-58 

25-48 
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Division  VII.  —  NORTH  MIDL\NI>  COUNTIES  (continued). 

Div.  VIII.—  NORTH- 
WESTERN COUNTIKS. 

DKfinv. 

CHESHIRE.              j 

i 

Height  of 
Rain-gauge 
above 
Ground  
Sea-level  

Derby. 

Chesterfield. 

Comb's  Moss. 

Chapol-on-le- 
Frith. 

Macctafleld. 

Cholmondclly1 
Castle, 
Nantwieh. 

G  ft.  0  in. 
J80  ft. 

:\  ft.  (>  in. 
248ft. 

3  ft.  0  in. 
KM50  11. 

3  ft.  (5  in. 
005  ft. 

3  ft.  (5  in. 
539  ft. 

1  ft.  (5  in. 
4*J  ft. 

1870. 

1871. 

1870. 

1871. 

1870. 

1871. 

1870. 

1871. 

1870. 

1871. 

1870, 

1871. 

January  
February   ... 
Maivh  
April  

in. 

i'55 

2-54 
1-58 
2-68 
1-52 
3-18 

5'49  , 
i  29 
4-90 
3'97 
''34 
1*69 

in. 

1-43 
1-09 

1-47 

75 
•72 

1-23 
79 
'•'5 
1-13 
4-91 
i  99 
2-07 

1873 

in. 

•82 

$ 

3  72 
1*68 
4'  1  6 
4-68 

i'35 
4-92 

2-37 
1-05 
1-29 

2870 

in. 
1-99 
i  84 
2-25 

•25 

T22 
•98 
•*3 

•66 
1*04 
558 

i*95 
2-41 

21*00 

in. 
ri2 
1-94 
ri8 

2-25 
1-40 
423 
3*39 
i  19 
4-80 
2-91 

•85 

1-30 

26-56 

in. 
3-92 
3'oS 

3'95 
1-85 
1-97 
r8i 
2-83 
1-81 
326 
9-92 
276 
3-08 

40-24 

in. 
1-59 

3*3 
i  75 
6-29 
440 
4  oo 
4-86 
2  (;v 
667 

4*93 
i'93 
3'53 

46-12 

in. 

3'94 

2-42 

3'*4 
I-57 
203 
i  69 
rtf 

'•57 
3-11 
in  i 
2-82 
2-62 

37'9° 

in. 
i'SS 
3  '34 
1-46 

4*3° 
3'M 
435 
453 
2-45 

475 
0-03 

173 
2'»3 

4»'55 

in. 
1-64 

•»9 

r8s 
1-78 

73 
1-93 

2-02 

2-06 

2-62 

5-67 
•84 

r8o 
23-83 

in. 

77 
i-9j 
•76 
284 
2-86 

3'97 
578 
1-93 
4-58 
5-92 
2-47 
2-51 

36-34 

in. 

73 

'22 

2-52 
•72 

'3' 

•70 

•5o 
'54 

2-21 

5*44 
2-46 
2-86 

May  

June  . 

July  

August   
September... 
October  
November  ... 
December  ... 

Totals  

26-21 

31-73 

Division  VIII.  —  NORTH-  WESTERN 
COUNTIES  (conthiunl). 

Division  IX.  —  YORKSHIRE. 

LANCASHIRE  (continued], 

YORK.  —  Wrsr  RIDING. 

Height  of 
Rain  -gauge 
above 
Ground  
Sea-level  

Caton, 
Lancaster. 

Holkor, 
Cartnu'l. 

Broomhnll 
Park, 
Sheffield. 

Rrdmires, 
Sheffield. 

Tickliill. 

Penislone. 

1  ft.  Gin. 
120  ft. 

4  ft.  8  in. 
155  ft. 

"2  ft.  0  in. 

:340  ft. 

4  ft.  0  in. 
1100ft. 

L>a 

01 

1870. 

Oin. 

ft. 

1871. 

:\  ft. 
717 

1870. 

(5  in. 

ft. 

1870. 

1871. 

1870. 

1871. 

1870. 

1871. 

1870. 

1871 

1871, 

January  
February   .  . 
March   
April  
May   

in. 
3-96 
2-64 
2-56 
176 
2-51 

2*12 

2-02 
2-27 
3-39 
9-86 
3*02 
3-56 

in. 
''95 
4'45 
1-89 
2-97 
178 
2-44 

5'97 
1-95 
3.96 
6-14 
i-3i 
4-28 

in. 

4'34 
216 
2-28 
r6o 

279 
1-88 
1-56 
1-97 

3^5 
11-30 

3'°7 
2-64 

in, 
2-13 

437 
2-23 

379 
r8i 
2-25 

4-93 
3-19 

378 
6-36 

2-36 
521 

in. 
2-82 
1-85 
2-19 
•66 

'94 

1-27 

'97 
•86 
1-63 
7-87 
1-91 
303 

in. 

I'2I 

2-10 
1-26 
3-12 
1-42 
4-63 
3-08 
1-65 
6-40 
274 
1-52 
1-50 

in. 
3-63 
2-87 
2-71 
r;9 
1*29 
1-69 
ri8 
1-47 
2-38 
9-67 

2'22 

3-16 

in. 
1-25 
3-11 

1-38 

474 
177 
3-81 
3'42 
2-06 
6-09 

3'3° 
r86 
2-03 

in. 

T2I 

1-37 
2-13 

•47 

•58 

2-08 

78 

'97 
•68 

57i 
1-73 
2'97 

in. 
•96 
i  54 
•83 
2-77 
1-85 
4-23 
3-63 

»'59 
S-23 
i'$i 
•89 
1-41 

in. 

3'5* 
2-15 

2'2I 

•88 

1-62 
1-93 

•11 

2-66 
8-66 

2'26 
2'14 

in. 
174 
2-76 
1-42 
3-07 
1-31 
4-42 
2-63 
1-83 
6-34 
3-13 
1-51 
1-39 

T      J 

June  , 

July   

August  
September  ... 
October  
November  ... 
December  ... 

Totals  

39'67 

39'59 

39'£4 

42-41 

26-01 

30-63 

33>6 

34-82 

20-68 

26-44 

29-56 

3»'55 

ON  THE  RAINFALL  OF  THE  BRITISH  ISLES, 
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Division  Ylir.— XoKm-AYESTKKx  COUXTIKX  (continued). 


LANCASHIRE. 

Manchester. 

Wubcrhouacs. 

Bolton-lp- 
Mooiu 

Rufford,     !      \lrowick 
Orniskirk.    1      Jl()U8C» 
1     rnston. 

South  Shore, 
Blackpool. 

StonyhuM. 

lift.  7  in. 

an. 

(iin. 

:\  ft. 

(i  in. 

Oft.  8  in.     !     Oft 

(i  in. 

1ft.  Hin. 

Ott.  Hin. 

100ft. 

.U'lfl. 

*)>^' 

&S  ft.        j        7o 

ft. 

L'D  ft. 

yii't  ft. 

1870. 

187J.J  1870 

1 

1871 

1870 

1871. 

1870.  ,  1871.  i  1H70. 

1S71. 

1H70     1H71 

1870. 

1871 

i 

' 

i  • 

i 

in. 

in. 

in. 

in. 

in. 

in. 

in.      ,   LI.     '  in. 

in. 

in.     '  in. 

in. 

in. 

3'M 

325 

I  22 

T9S 

1-70 

245,     132      330 

1-50 

3-30'     1-20 

4-11 

1-73 

273 

'9S 

_,  31 

1-41 

4-59         1  02  ,      2  82         1'20 

3-20 

i     172;    2-88 

1-61 

4'55 

2-38 

1-56 

2-02 

1-26 

3-31 

209      209      ri2      2*30 

2*00 

2-40      1-45 

1    2-92 

2'22 

3-52 

r'-to 

4'39  i      2  46 

3-78       1  44      2  56      r6o 

240 

riOj,      2'2O 

2-64 

3-60! 

'71 

2-07 

1-13 

213 

191 

r86      i  62      1-62  ;    1*50 

170 

i'45|     i  '45 

1    1-95      r8o 

179 

2-66 

M7 

4-72 

4*01 

3-57       i  58      2*05  '     r&o 

2-25 

i''5-     J  75 

,    2-23 

3-36! 

•8  1 

3'(5I? 

2'OO 

43* 

1-13 

482        -55'     4*91        -65 

4-80 

no      443 

!      2P27 

1-6(5 

r6o 

2-2} 

171      2-51 

171          2'I  1  |       1-09'       3'  JO  i      2  CO 

1-23      1-38 

j     2'$7 

2-07! 

2-66  1    3  82 

2-26 

4*93 

3-78 

5  30      272  '    3  62  i    2  90 

2  90 

3  oo      2'90 

!    3'99 

4-20  | 

8-,6;    4-51 

H'33 

475     "'54 

611       8  8<:       6  90     10-61 

6*90 

960      6-15 

2-42  1     1*41 

3*05 

TS7      389 

1-76      314      140!     3-00 

J  40 

2  70  i       1*50 

1     3V- 

2'OJ 

2-531    2-50;    214 

2-60,     357 

364      231       2-5^     240 

320 

2'6C)  '      2  65 

;    4*09      389 

29-55  !  33*23   33*64 

>6'9!    4347 

40-93     2984    31-95     34-17 

:  34*^5 

31-41      29-94 

45'56i  43*9* 

• 

-  „  „  - 

• 

Dhisiou  IX. — YuHKSiiiui: 


YoitK  —  \Vrsr  KIDINU  (t  \\nhi\\nd}. 

I,>n^ 

soo<l,   i     Ack  worth,    '   Wrll  lloail.          M"^              I'^'cii]),      ;       v  rk 

llllllll'I 

slu'ld.     Pnntefrarl.    .      Halifax.            -.|  iK.l  '              Leeds. 

.")  ft  . 

)in. 

4ft. 

iin.          OM   :»m.         Oft.  11  in.        Oft.  10  in.          Ol't.tHn.     .     Oft.  <iin. 

('>{() 

ft. 

<i."iO 

it.            !;::>  it             1^7  ft.           i:i7-"»ft.           .'j-ioa.      ,       50ft. 

I.s70. 

1871 

1S70. 

1*71      I,s70     1S71      1870.    1S71.    1870.    1S71.    1870.    1871.    1.^70.    1871 

in. 

in. 

in. 

in.         in.        in.         in.         in          in.         in.         in.        in.         in.      ,    in. 

3-28 

2-07 

'i*^ 

•92      142        -66      3'3'S.     rco      3-80  (     1^0      2-26        -77      1  68  j      -70 

i  86 

i  S(>, 

2-34       1*47       164       1-77;     260      210      3-70       ro-      2-84       r88  j     2-51 

a'S9 

2-14 

2  S4i 

•96      1-89        *^6      220      riS      2-40      110      1-71       1-09      r8oj     121 

2-97 

3*59 

•96' 

2-89        -42      2-75        -80      3-88      1-70      5-20        -^      3'25        '66,     2-76 

r6S 

2  12  , 

1-17 

139        -75      1-50      1-43!     190      ^vo      2-20      1-36        -97      ro8      1-31 

i"  39 

4'°3  i 

riS 

2-96,     175-     513      178!     328      rSo      3-50      1-54      370      2-81       3-72 

rn 

4-67 

'47 

1-56'      -68  j    271,      -<;5;     277'     ico      5-301      -80      358'      -51      2-80 

2-21 

!>97  , 

"99 

•90      1-33      181       1-301     1-28      rso      170,     1-93      ri9      1*58      1  03  j 

9*97 

S'07  i 

1-94 

V47 

1-43      5-53;     1-69,     896'    2-98     10-80      3-90      7-26      3-25,     6-10      267 

2-88 

•"I 

2-78 
i'75 

•31'     175!      -96      274'      -87      3-20      roo      2-19;     iT4      1-93,     1-25 
•65''    2-93  1      -99      2-94;    1-43      3XO     *'*°     339;    >'44      3>l6      a1^ 

38-11 

3773 

24-14 

19-04    20-83!  26-20!  29-59  1  27-90    35-30    367°    26<i9    ^9'82    24'37;2S68 
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Division  IX,—  YORKSUIBE  (continued). 

YORK,—  WEST  BIDING  (confirmed). 

YORK.—EAST  RIDING. 

YORK.  —  NORTH  RIDING, 

Height  of 
Rain-gauge 
above 
Ground  
Sca-leyol  

Harrogate. 

Arncliffe. 

BcverleyRoud, 
Hull. 

Wartcr, 
Pockliugton. 

Malton. 

Beadlam 
Grange. 

0  ft.  (i  in. 
380ft. 

2  ft.  0  in. 

750  ft. 

3  ft.  10  in. 
lift. 

1ft.  10  in. 
230ft. 

1  ft.  0  in. 
75ft. 

Oft  (Jin. 
192  ft. 

1870. 

1871 

1870. 

1871. 

1870. 

1871. 

1870. 

1871. 

1870. 

1871. 

1870. 

1871. 

January  
February  ... 
March    

"* 

in. 

2'59 
2-72 
2-16 
'79 
i'33 
1-48 
•69 

ns 

•88 

7-56 

2-85 
374 

in. 

'79 
2-98 

''55 
3'H 
1-04 
4-24 
2-38 
r86 
6-63 
3-24 
1-29 
2-08 

in. 
6-24 

5'.10 
3-06 

2-46 
2-48 
3'5* 
'59 
2-24 
2-90 
13-38 

3'94 
4-23 

in. 
2-65 
664 
4-67 
3'9S 
2-03, 

277. 
9-22' 
2-86  ; 
604; 

5'H 
2-13 

4-64 

in. 
1-19 
2-09 
2-28 
•$2 
•8  1 
3'i7 
7i 
1-76 
1-52 

5'79 
1-62 

4'35 

in. 
1*04 
1-79 
•90 
3''4 

I'2I 

2-99 

374 
'95 

477 

T2I 

2-23 
171 

in. 

''43 
1-99 
r62 
•62 
i  '40 
2-83 
•36 
2-04 
j-8o 
5-71 
2-32 
4-41 

in. 
•80 
2-44 

T20 

3'5i 
1-69 
2-95 
4-I7 

'94 
7-8l 

1-80 
'•95 

2-26 

in. 
r88 

2'33 
r6o 

•67 

1*13 

2-60 

•27 
1-93 
no 
5-98 
2-82 
4-01 

in. 

TOO 

2-34 

2-80 
1-79 
2-98 
3-82 
87 
5'9' 
2-13 
1-77 
r6o 

in. 
2-13 
2-49 

'94 
'57 
1-64 
2-40 
•32 
2-23 
1-31 
6*0  1 
4*20 
4-21 

in. 
1*0  6 
2-48 
'93 
3-5i 
i*34 
4-05 

3-98 
1-24 

5-15 
2-63 
1-78 
z-i6 

May   
June  

July       

August  
September  ... 
October  
November  ... 
December  .. 

Totals  

28-14 

31-22 

50-14 

5273 

25-81 

25-68      26-53 

3J'53 

26-32 

27-76 

28-45 

30-32 

Division  X,  —  NORTHERN  COUNTIES  (continued). 

NORTHUMBERLAND  (continued). 

CUMBERLAND. 

Height  of 
Kam-gauge 
above 
Ground  
fcea-lcvel  

Halt  whistle. 

Lilburn 
Tower. 

Eootlo. 

Seathwaite. 

Whinfcll  Hull, 
Cockmnouth. 

2  ft.  0  in. 

Post  Office, 
Kcsnick. 

0  ft.  9  in. 

Oft. 

m 

1870. 

0  in. 
)ft. 

IH71. 

1  ft.  0  in. 
87  ft. 

1ft. 
4± 

1870. 

Oin. 
ft. 

1871. 

1  ft.  0  in. 
U70  ft. 

1870. 

1871. 

1870. 

1871. 

1870. 

1871. 

1870. 

1871. 

January  
I'Ybruary    .  .  . 
Maivh    
April  

iti. 

3-22 

2-38 

1-29 
•83 

1-50 

2-49 
1-46 

''35 
2-32 

5§I4 
r8o 
3-12 

in. 

2'33 
2-17 
1-63 
3'45 

2-27 
4-63 

4-40 

2'78 

1-81 
3*93 

in. 
187 
2-76 
1-19 
•62 
162 
126 
•63 
1-92 
1-05 
3'43 
2'44 
4-48 

in. 
•31 
2-43 

3-6^ 
•90 

2-84 

2-541 
1-24  j 

273 
271 
1-60 

in. 

3-87 
2-88 
2-67 
1-95 

2P 
1-64 

1-46 
1-63 
3-26 
8-33 

3-42 

in. 
2-53 
5-90 
252 
3-62 

!-65 
3-12 
2-15 
2-43 
6-83 

4'44 
4-36 

in. 
13-48 
1367 
9-51 
6-50 
13-49 
6*41 

'75 
2-68 
12-70 
24-17 
8*03 
7-21 

in. 
11-95 
15-99 
10-26 
636 

2-82 
i2'57 
9*10 
5'53 
624 
9-91 
2179 

in. 
5-82 

2-56 
2-85 

5'55 
1-52 

"95 
2-03 

5-22 
11-27 

2-44 

in. 

4'37 

3'33 
2-43 
1-24 
175 

3-82 
2-60 
4-18 
278 
7'n 

in. 

5*96 
2-36 
2-71 
5-56 
4-10 
•98 

3*33 
6-82 
12-44 
4-20 

2'62 

in. 

4'93 
4-70 

4;  5° 

2-67 
173 
4*49 
3-67 

2'20 
4-48 
I-84 

8-13 

May   

June  
July   
August  
September  ... 

(X'tolilT  

December  ... 

Totals  

26-90  1  33-01 

23-27 

25-44 

37-26 

40-91 

ii9'6o 

115-15 

48-86 

4170 

S4'43 

43'9  » 

ON  THE  HAIXFALL  OF  THE  DKITISH  ISLEri. 

ENGLAND. 


Division  TX.  —  YOUKMLTIU; 
(continued). 

Division  X 

._s.,™ 

COUNTIES. 

YORK.  —  NOIITII  HIDING 
(wnfinitrd). 

DURHAM, 

| 

NORTHUMBERLAND. 

j 

Think. 

Scarborough. 

Darlington, 
ftouthond 
Gardens. 

Ushaw, 
Durham. 

Stanhope     j 
Castlo.       i 

Bywell. 

North  Shields. 

2  ft.  0  in. 

1  ft.  0  in. 

1  ft  0  in. 

Oft.  10  in. 

4ft  Om.     , 

Oft.Oin.' 

1ft.  0  in. 

114.  ft. 

102ft. 

140ft. 

(iOO  ft. 

(170  ft. 

87ft. 

124ft. 

1870.    1871. 

1S70     1871. 

1870  j  1871. 

1870.,  1*71. 

1870.    1871. 

1870.    1871. 

1870.J  1871. 

in.        in. 

in.        in. 

1 
in.        in. 

in.     '   in. 

in.     |   in. 

in.        in 

in.        in. 

1  71        '159  i    rGo      1-07 

I38|       67 

2-05      i  17 

4-59;    260 

1-53      r5o 

i  60  j    1*13 

1-94      2'sol    220      171 

JV9  j     i  29 

1-69      i  78 

1-41       151 

1*89      2*46 

i  95  1    1*97 

1-37        -97 

i  40  ;      -62 

I  20  !         76 

1  40        -93 

2'5o;    1-05 

1   l6         J'20 

I  21  \         "69 

"55      1-9* 

•»;!  3-H 

'47  |      2'02 

•62      3-12 

1-50     3-05 

•64    3-40 

•78      379 

'34      ri6 

iioj     1-44 

•?•>!   '31 

1-35      i  89 

-10      1-50 

So  ,      -90 

1-40      1-59 

3-20     4-15 

2  84  j    2  19 

r6o      3-21 

*  54      3'4J 

ri7      3'co 

i  6  1  (     3  60 

2-44     2-54 

44  '     2-89 

79      3  35 

•60      3  77 

71      440 

*55  j    379 

2-1  8  j       69 

231         79 

1-79      i  08 

2-29       1  49 

3'oi       i  05 

2-17        77 

2-12  j         -96 

rai      4-20 

•81      577 

55      3  30 

So      5  03 

i  09      6  'jo 

1-152      648 

•99      4'oi 

523      2-48 

5  56       i  99 

454i     i'9S 

5'c8      231; 

So*      339 

5  i,^      3  30 

347       i'97 

3-15         I'il 

3'7i     3C4 

1-67  '     i  64 

246       r<;G 

2'7J        2'OO 

2  44      3  28 

3  50  j     i'*4 

,    3-40  j    1-70 

6  CO  '      2'O1 

-'SI-,      '97 

479      rSo 

477       3^ 

6  19      2-24 

5  22  |       1*90 

*4'53    15  '4 

18-40  (  2793 

17-97  ,    2PIO 

24-86    27-88    31-52,  3:  Si 

2584    3353 

•    25-22  i    26'l8 

Divihion  X.  —  XOHTHJ:KX  Coryrn:*  (eiMtumd). 

CUMHr.KLiM)  (iWlilll'ul).                     ,                                               WlMMoKEIAM'. 

. 

Corkermoulh 

Miri1  lloiiM1      ,    ,  ,     tr  11          TII              Kirkln       1      ,     ,  , 
uiniMJiii.     ^i-alchv  Hall.         Keiulal.            Sto  )'i  'u       I     ^Pl^'ty"' 

<!roat 
Strii-kl.md, 

asaiii  i«au»                                                                        ; 

IVnnili. 

Of!    (Mil. 

Oft  7  m.          1  fl.  I  in      :      1  ft  ('•  in.          1  ft  0  ,n.     ,      1  ft  Om. 

I  ft  ()  in. 

US  ft. 

aioft.     ,     112  ft.?    \     no  it.         ;.7H't.     ;     442ft 

(5.V)  ft. 

1870 

1S71. 

1S70.    1871.    1x70  -  is;i  '   ISTO.    1S71     IS70     1.^71  i  1>70     1871. 

1S70  ;  1871. 

in. 

in. 

in      i   in.     i   in.        in 

in          in.         in.      (    in          m          in 

in 

in. 

4-41 

398 

568      4-56,     3-8'       172 

5-67,     28^      409      234      3-28,     2-0- 

4-14 

346 

518;     3-89,    227      2-<i4 

3  2Q  ,     5  04       3  o.^      3  26  ,     30-      2  88 

419       v&5 

2  35 

2-94 

344      357'     ro6      r33 

2-8  <;      2  6ft      16^      2  34  ;     i  18      2-30 

1-29!     6-  1  6 

2'  11 

250 

2-34!    2-.n;;     1-30      3-23 

2'o6  i     3-26      i  18      2  6S  :      7s  !     174 

1-49 

226 

402 

•97 

4-30     1-2  1     261      ri6 

4-87!     183      224i     '^!    2^i     Ji3 

2-70 

J*35 

1  97 

175 
2-92 

1-40       1-63'     2-3<;      294 
roSj     2-82      i  c6      302 

1-58       1-98-     i  ^2  !     3's/  !     J  35      279 
1-25      7-67      246)     6  qo        76]    477 

'•71 

273 

2"8<; 

3-39'    4-81       1-49,     2-27 

i  74  !    699      r8i  j    2-^6      2-31      2  72 

2'!^ 

2'<J9 

4-32 

2-23 

47i>    2-81      228      2-07 

3-09      394      2-33  i    3-64      248;    3-20 

3'44 

3-29 

9'  5  6 

11-131     3'6<;  '     sco      383 

102^      66^      736,'    43°'     518,     3*72 

8'I2 

4*35 

3-52 

200 

2-64 
6-32 

3^3'      222.      2-25         I  6l 

279!     6'66      1-41      375 

405      i  56,     3-20      i  19;    2  39  .       93 
2-39;     5-82;    287'     3-58  j    2-2}  1     3-45 

2-62 

2-90 

1-24 
3^9 

( 

36-89 

48*97    40-12!  26-89    30-37 

43-09'  50*251  3377    3696'  1731,  3i'8o 

i                     i           i           i 

35-31  :  38-12 

200                                  REPORT—  1872. 
WALES. 

Division  XI.  —  MOKMOUTK,  WALES,  A>TD  TEE  ISLANDS. 

MONUOTJTII. 

GL  UIORGAN. 

CARMARTHEN. 

PEMBROKE. 

ERKCKNOCK. 

Height  of 
Rain-gauge 
above 
Ground  
Sea-level  

Llanfrcelifa, 
Newport. 

Abci'gavenny. 

Swansea. 

Carmarthen 
Gaol. 

Ilaverforil- 
west. 

l! 

Brecknock 

1                      1 

4  ft.  0  in. 
300  ft. 

1  ft  0  in. 
220  ft. 

14ft 
40 

1870. 

9  in.    !     Oft.  (5  in. 
ft.         I       1)2  ft. 

1ft.  0  in. 
Of)  ft. 

1     2ft.  0  in. 
:       4:17  ft, 

1870. 

1871. 

1870. 

1871. 

1871.  I  1870. 

1871. 

1870. 

1871. 

,   1870. 

1^71. 

i 

Jnmiary     ... 
February  ... 
March    
April  

in. 
4-07 
4-27 
r9o 

.£ 

'22 

3'3I 
3-85 
279 
8-25 
4-64 
2'54 

in. 
2-39 

rs7 
2-53 

6-15 

TOO 

1-91 
5-20 
4'6o 
8-32 
376 

T2I 
4-67 

in. 
2-96 
4-24 
1-96 

'15 

2-08 

'J7 
1-92 

i'39 
1-50 

6'22 
4'68 
2'43 

in, 
3-05 
2-63 
1-96 

374  ,' 
•87 
2-43 

4*54  ,; 
2-46 
6-62, 

4'93 
•85 

2-72 

in. 

2-44 
2-49 
2-28 
•23 
177 

'33 
1-83 
1-87 
1-91 
6-26 

3'52 
roi 

in          in. 

365j     4-I7 
2-40  1     5'55 

173       3'99 
4-10  •      "81 
'86  ;     3-24 
78  ,,      -80 

5'34       '74 
1-70      2'68 
2*99  '!    2'8o 
5-20      9-36 
1-28  ;    5-64 
2-66  ;    1-85 

in. 
4'8o 
4-02 
3-06 
4-69 
•89 
2-99 
7-17 
3-28 
6'66 
7-38 
2-09 
5-09 

in. 
428 

3*92 

3-88 

7i 
3-26 
1-18 
2-21 

270 
275 

8-52 
3-98 

2'62 

in. 
6-05 

33i 
2-24 

4'44 
'« 

,    r5° 
i    4'97 
!    2-18 

i    7-48 
7-64 
1-81 
4-58 

'    in.        in.      ; 

!    5-22     7-14 
i    8-38    3-r- 

'33      37S 
•50      4  76 
3-03!      -9r 

'22         2'l3 

I§73      3'3° 
1    275      481 
1     2-89      5-25 

I0'20         5-99 

,     6-i8|     rc-5 
2-14      4-05 

MHV    

June  

July   .      . 

August  
September  .  . 
October  
November  .. 
December  .. 

Totals  

3879 

45'1I 

29-90    36-80     25^94 

32-69 

4263 

5^i*j 

40-oi 

4673 

43'57 

46-71 

Division  XI.  —  MojriiouTn,  WALKS,  AND  THE  ISLANDS  (continued). 

CARNARVON  (continued). 

ISLE  or  MAN. 

Ol  KRN>KY. 

Height  of 
Rain-gaugo 
above 
Ground  
Sea-level  

Plas  Brercion. 

Llanfuirfc- 
ehan. 

Llandudno. 

Douglas 
Head. 

Poinl  of  Ayr. 

Guernsey. 

i 

1  ft.  0  in. 
25  ft. 

Ofl.8in. 
JOG  ft. 

Oft.  Gin. 
DO  ft. 

Oft.  Gin. 

3ft. 
27  i 

1870. 

4  in. 

t? 

1871. 

12ft. 
204 

1870. 

Oin. 
ft. 

1,^71 

1870. 

1871. 

1870. 

1871. 

1870 

1871.     1870.    1871. 

January     ... 
February   ... 
March    
April  

in. 

5'9J 
2-01; 
1-13 
SMS 

73  ; 

2'Sl 

3f;7 
»'43 
5-3I 

5-J5 
r6?. 

2  Go 

in. 

374 
1-93 
2-61 
2-03 
1-49 
1-30 

'83 
1-95 

2'57 
8-27 
6-52 
3'35 

in. 

374 
3'C3 
2-24 

2-19 

75 
1-84 
4-65 
1-84 

3''4 
5-71 

1-38 
3-91 

in. 

3-85 
2-38 

3'J5 

2'21 

172 

1-16 
•89 
rfii 

2'55 
9'34 

4-48 

3'39 

in. 
3'96 
3-05 
1-85 
3-09 
•83 
1-61 
3-29 
1-37 
4-41 
6-19 
1-85 
2-25 

in. 

2*80 

J'51 
r8o 
2-08 
'T\ 
i  -06 

'54 
1-44 

2'l8 

7-04 
2-94 
3-21 

in. 
i-»7 

2'02 

77 
2-57 
1-19 
227 

3'33 
1-24 

V59 
6-17 

3'24 
*'3o 

in. 

3  '43 
2-89 
2-18 

'33 
i  -08 

•63 

.31 

1-42 
5-65 

2'20 
I  63 

in. 

3'37 
3-28 

"'IS 
4-25 

'45 
ri2 
1-70 
372 

121 

6'5i 

4-55| 
5  'oo 

in. 

2'30 

a'55 
r6o 

'49 
i'47 
•90 

75 

T28 

2-31 
5-81 
2-47 
1-95 

in. 
2-05 
2-94 

J'i5 
2-58 
•6  1 
rig 

173 
2-17 
•88 

3'5' 

2-27 
3-14 

|   in. 

3'45 
1*88 
!    2-55 
76 
i-6s 

'         -21 

1-26 

1    roi 
!      -66 

5'35 

!        370 
257 

Mny    
June  

July    

August    .... 
September  ... 
October  
November  ... 
December  .. 

Totals  

36-59 

34'42 

3673 

3375 

27*43 

30-56 

23-64 

36§4i    23*89  j  24-21 

25-C5 

36-26 

ON  THE  RAINFALL  OP  THE  BRITISH  ISLES, 
WALES. 
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Division  XL  —  MONMOUTH,  WALES,  AND 

THE  ISLANDS  (continued). 

'MovTGOMEitv.j!   CAHD 

RADXOK. 

MiiltlONliTIf. 

FLINT. 

CARNARVON. 

Carno.       i 

Aberyshuth. 

Bhnyader.    1 

Erithdm. 

Macs-y-dro. 

Hawarden. 

BeddgcWt. 

i' 

1 

1  ft.  0  m.      ;     1  ft. 

Oin      ' 

Ufl.Om. 

1ft 

>  in. 

r»fl 

Oin. 

Oft. 

4  in. 

3  it. 

Oin. 

WOfl.        i       4l>ft. 

88l)ft. 

i)(X)  It. 

400  ft. 

L'70  ft. 

1J64  ft.       ' 

1870.    1871.-I  1S70. 

1871 

1870. 

1871. 

1870. 

1871. 

i  1870. 

1871. 

1870. 

1871. 

!  1870. 

1871.! 

in. 

in.        in. 

in. 

in. 

in. 

in 

in. 

in 

in. 

in. 

in. 

in. 

in. 

370      3-60      2*67 

3'95 

4'49 

3^9 

474 

6-43 

1-88 

86 

2-32 

229 

12-30 

8-17! 

2-60      2-40  ,,    2-48 

2-47 

V91 

4-88 

7-62 

790 

,      '9° 

1*73 

133 

2-07 

;    474 

17-38 

2-90 

2*90  i    2-36 

.-  13 

279 

1-48 

<;  68 

4  60 

2-03 

1-14 

1-85 

1-25 

,    779  1    8'8° 

2-30 

430      227 

3-12        "89 

6  15 

3-88 

576 

•61 

2-08 

1-30 

2-13 

6-08  j    9-11 

2-10 

1'20          1  07 

75  ' 

273 

•98' 

4-  06 

1-17 

1-34 

no 

1  02 

8-00 

2-70 

2  '00 

2'8o   '       1-52! 

274: 

•90 

373 

2  65 

2'OJ  , 

1*31 

267 

•73 

2-80 

,    4-82 

4'35 

2-40 

5'5°       3'29  ! 

5'5o1 

re;  8 

6-04 

2^05 

7'47 

'37 

3'54 

•58 

3-23 

i6-r> 

210        2-90          342, 

2-96 

2'00 

2-97 

367 

3'53 

1-41 

i  o<; 

2'32 

X-02 

!     4-67 

3-<;o'     5-70       3-31 

276' 

3-11 

4'1(5 

4'45 

4'3  S 

1-76 

2-9-7 

1-90 

4-29 

i     8-40 

5-96 

11  20        4-80  ,     11-53  ' 

511 

12-23 

6-89     1672 

8-82 

5*48 

4'53 

441 

4-38 

22-92 

1409 

6-30         J  '80         6-40 

301 

3-85 

1-24 

8*82 

2-30 

3  S^ 

143 

2-60  1     r6i 

10-58 

3-20  |      2-40         3-43 

2'26  ,       246 

2-23 

0;8 

633 

rao 

i  53 

288 

M9 

870 

1293 

44-30     40-30      4456 

3676;  4ns 

43'93 

71-72 

60-67 

22-85 

24-63 

2329 

28-22 

101-58 

;.io-89 



Div.  XI.—  MOXMOI  rii, 

i 

<COT1 

AND. 

\V\iiia,  &c.  (cuntinuc<l). 

Divi* 

ion  XII.  —  Sounirux  C<>i\vm:s. 

S\UK           !l       \L1M 

\VlGri)WN 

] 

s'iKKrrn 

1 

THr* 

i 

Snrk. 

Aldernoy. 

South  Cairn.      Littlo 

K,- 

Car-phairn. 

Cargcn. 

Drumlnniig. 

1  ft.  0  in.     , 

JO  ft 

Om. 

1  ft.  hn.          ,'ifl 

,'iin. 

,'ift.  lOin. 

Oft.  4  in. 

Oft 

fiin. 

;uoit. 

•IK  ft 

•JO'M't.               lot  Ifl        i       .77  1  ft. 

80ft. 

15)1  It. 

KO. 

1871.      1870 

1871. 

1870 

1871.     hs70 

1871. 

1870 

1871. 

1870 

1871. 

1870 

i  ""i  l 

in. 

in.         in. 

in 

in. 

in.          in. 

in. 

in. 

in. 

in. 

in. 

in. 

in. 

288 

4-46 

1-56 

3'38 

8-3S 

sri;     2-40 

1-4(1 

6C2 

4-6- 

5-29 

3-92 

4-40 

5'°°  i 

r6s 

1-57 

1-41 

2-75 

895  '    »'«3 

4-30 

7  3° 

5  71 

5  20 

59° 

6'20 

5-00 

2-15 

•98 

172 

•69 

3*00 

2-85 

i'H 

I  'C  I 

2  ZO 

5-18 

1-29 

3'47 

1-60 

•90; 

;    -66 

3-20 

•48 

2-42 

5-61; 

8  '20             '60 

i     3  3° 

2%7l 

5-16 

1-61 

4'33 

2'20 

3-20  ' 

i  '43 

•63 

1-15  |       '42 

4  8s 

2'C5    ,       1  67 

i      '5° 

4'!S 

1*29 

468 

rco 

,    3'9° 

•90  ( 

•18 

•06 

1-96 

3'9S 

240     1-77 

1-16 

i  84 

5-19 

1-40 

2*l8 

i  70 

3-20, 

1-12 

3-83 

1-30 

270 

5-^5         77 

,    r£  5 

1-31 

1-16 

4-83 

1      2'CO 

I'll 

*  '4  5 

2*10 

2  90 

3-10       131 

337 

i'7«; 

4  39 

2-14 

3*C2 

•11 

3  So 

1-69 

4'97 

'99 

4'35 

6-30 

2'80         2'12 

1-26 

S'31 

2-24. 

4-06 

2-60 

1    4*40      i  zc 

5  -20 

4-12 

4-20 

3-52 

8  ic 

4'80         4-41 

i    1'W 

12*19 

5'5° 

8-56 

400 

;  7-5° 

470 

2-62 

1-32 

1-78 

!'47 

4-05 

7*15       2fs8 

|    v*l 

3-35 

4-83 

2-32 

3-40 

2*80 

2-90 

3-24 

2-57 

4-95 

2'20 

3-55       -'°5 

3'°3 

320 

8*67 

2*26 

5-89 

i      2*00 

6-30 

24-33 

3i-3* 

21-05    27-18 

62*25 

56<I5 

22-95 

27*60 

5^-33 

57-41 

39-97 

44-54 

38-8I 

41-90 
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Div.  XII.  —  SoUTlIEttX 

CouNriES  (continual). 

Division  XIII.  —  SOUTH-EASTERN  COUNTIES. 

DUMFIUES  (continual). 

RoMlUKGII. 

SKLKIRK. 

PEEBLES. 

BKUWICK. 

UADDINQTON. 

Height  of 
Bain-gauge 
above 
Ground  
Sea-level  

Wanlockheucl. 

Oft  4  in. 
1330ft. 

Silverbut  Hull, 
Haw  u*k. 

Bowhill. 
11  fl.  Oin. 

1     .vim. 

N.  Ifck 
ItesiM'voir, 

1      IVllicUU'k. 

Thirlestane. 

East  Linton. 

4ft.  0  m. 
ftl-Jft. 

0  ft.  (5  in.     I 

;     iir>oii. 

0  ft.  :i  in.          0  ft,  .'»  in. 

,r>r>s  ft.           DO  ft. 

1870. 

1871. 

1870. 

1S71. 

1870 

1M71. 

1870. 

L" 
2-4C 
2-95 
1-40 
•70 

I  '00 

2-93 

1*20 

roj 

2-4S 

I     365 
1-15 
2-25 

1871. 

1870. 

1871.     1870.    1871. 

January     .  .  . 
February   .  .  . 
March    

in. 
5-66 
6*94 
2-66 
3-07 
5-36 

2'02 
I  89 
I-90 

4'  59 
7*95 
4-50 
2-77 

in. 
6'io 
8-84 
6-26 
428 
1-05 

2'02 
5'*4 

5'59 
3'35 
467 
2-53 
9-21 

in. 

2-5S 
2-33 
TO} 
•96 

1-93 
r86 

2-04 

i  54 
i  97 

335 
1*71 
1-64 

in. 
,8, 

I    91 

2'OC 
4-08 

ro6 

2-87 
3-02 

2*10 

1-95 
2-45 
2-ccj 
3-16 

in. 

334 
I    *'*9 
\    ri2 
|      -So 
2-63 

2-JO 
I-25 

i  '43 

2'10 

379 
ro8 

2'53 

in. 

2x3 

3  5° 
2-13 

389 
1-05 

3'37 
3-16 
2-74 
1-73 
2-83 
1-92 
2-8 

"     ' 
111. 

^•55; 
305! 

I  '90  i 

4'5°i 
no 

2'20 

3'^! 
3'55! 
2'2S 

2  15 
4-60 

3-30; 

in. 
2*40 
i  60 

TOO 

"OS 

1-80 

2'35 
•90 
i  80 
i  60 

350 
1-50 
3-90 

in. 
r6o 

4-10 
1-50 
3-80 
•90 
3-10 

3'5° 
i  50 

3-00 
2-70 
3-70 

2'20 
31-60 

in. 

79 
291 
1-13 

'22 

'57 
I-6J5 

'93 
169 

1       2'2fi 
2-45 

•So 
3-84 

in. 

1-13 

2-26  ' 
•3», 

4? 

3-22' 
2-27 

I  2" 

2-43 

2-55 

3-16, 
1-41 

May   

June  
July    

August  
September  ... 
October  
November  .. 
December  ... 

Totals   

49*3i 

5974 

22-99 

28-50 

25  06 

31-23 

23-65 

i 

34-30.   22-40 

19-30 

25  62 

Division  XIV.  —  MOUTU-WE^TEBX  COUMIEH  (continual). 

LANARK  (continued],       ij                             AYR. 

1 
1                RENFREW. 

Hill  Hml 

Mamfleld 

: 

Rain-gauge 

House,  Miott-. 

!      Girvnn. 

Ai.ch" 

Mlnine. 

Lu-s. 

MlMlMlH. 

Givi-not'Ti. 

above 

Ground  

7  ft.  Oin. 

lit.  Om. 

L'ft. 

'>  in. 

Ofl.  (Jin. 

1     Ofl.  11  in. 

Oil.  (>in. 

Sea-level  

G'JOft. 

1S7  ft. 

'.Mi 

ft. 

:;oft. 

1       :  Mil)  ft 

(A  Ci. 

1870. 

1871. 

1*70. 

1*7, 

M70 

1S71. 

1«70. 

1871. 

.  1S70. 

1871. 

IcSVO 

1871. 

in. 

in.     !|   in. 

in. 

in. 

in. 

in. 

in. 

in. 

in. 

in. 

in. 

January  

2-52 

2-5.1 

4-  IS 

4-36 

3-54. 

3'99 

580 

33°i     2-00 

5-00 

7-13 

February  ... 

r55 

3'X3 

5  H      7*H 

245 

4'53 

4-90 

7'5°|l     375 

575 

564 

865 

March   

•88 

222 

2-06  1    4-14 

143 

4-04 

roo 

4*5°:      i'5° 

4-  50 

1-30 

6  ii 

April  

I  '2  A 

2"  1  2 

2'2O 

2  07 

2*1  I 

•V-U 

I'OO 

no  !'     •»  ">  p 

4*1  C 

2."  C  C 

May  

2'3O 

1*02 

4'  *  5 

•8c 

C'OO 

"7O 

!     cf  1  1 

zi 

1*2  C 

z  55 

C'fil 

r6c 

Juno  

2-49 

•46 

3  88 

2-40 

2-13 

1-901    1-90 

1     5  J3 
2-06 

j  ^5 

2'00 

5  °4 
1-91 

July  

2*  C  1 

A'oS 

1-8  1 

2-84. 

2'O2 

<vcc 

2  '60 

1*AO 

2'  1  2 

.  .  rn 

August  
September., 
October  
November  ... 

79 
2-66 

1-89 

3-24 
1-76 
2-16 

123 

2'06 

370 
12*29 
3-28 

4*45 

4-03 
6*03 

2*06 

4'99 
2-/<; 

5-I5 
2-08 

265 

2-80 

2-30 

5-60 
2'So 

2'6o 

3-80 

4-00 

2-25 

1    4'37 
i     5-38 
2-50 

}** 

4-2° 

2  51 

177 

4'45 
7-15 

3-51 
4-40 
2-52 
6-62 
4-82 

December  ... 

1-91 

1-67 

2-85 

5-76 

205 

5-06 

3-10 

4-40 

!    3-38 

6-38 

4-62 

9-51 

Totals  

H'«3 

26-53 

45-81 

47-83 

33-22 

40-17 

40-80 

42-80 

36-69 

47-88 

47-00 

62-31 

ON  THE  RAINFALL  OF  THE  B1UT1SH  ISLKS, 

BCOTLAND, 


203 


Division  XIII.  —  SouTii-E  VSTEKN 
COUNTIES  (continued)  . 

Division  XIV.  —  SOUTH-WESTERN  COUNTIES. 

EDINBURGH, 

LANARK. 

UlenoorHo. 

Inveivik. 

Charlotte-^  , 
Jtidinburglt. 

Xewmains, 
JJonglus. 

Aucliinraith,  1 
Hamilton.    , 

Ob-MTvatory. 

Baillicstown. 

0  ft,  6  in. 

LM't  ()m. 

Oft.  (Jin. 

Oft.  4  in. 

4ft  <)in. 

Olt   1m. 

Oft.  3  in. 

787  ft. 

(K)ft. 

OTit 

78:}  it. 

IfiOft. 

180ft. 

2:30  ft. 

1X70.    1871. 

1870.     1871. 

1870.     1871 

1870.    1871 

1870.    1X71. 

1X70.  (  1871. 

1870     1871. 

in.        in. 

in.        in. 

in.     '  in. 

in.     !  in. 

in.     •  in. 

in.       "m. 

in.     !  in 

2-40  j      2  70 

i-6/l    1-26 

i  68  '    1-25 

3'48'    4'49 

2-89      2  65 

4'iS      3-38 

5'U.    377 

4-05        2  90 

2-05       i  79 

570      2-41 

5-66  1     3-27 

2-05      275 

6-33,    4-86 

231'    4-63 

2  25      i  «5 

roo        -94 

rnj     1-07 

rog,    454 

•63       i  94 

•93      3-05 

1-09'    3-26 

75      4<6° 

•27      5-11 

•43!    4'S5 

i47j     3'°4 

;    -80    302: 

1-46      4x2 

1-29'     5-52 

r6o       -70 

•77  i      71 

1-31        -83 

3-171       61 

2-18         78. 

3*zo      1*12 

3-72      1-43 

3-25      2-35 

i  80  1     2-98 

2  :<;      1-90 

275      3-29 

i     MS      »75 

1-84    2-72 

i    24^1    3-16, 

195      3'io 

1-26  ;    3-90 

i  65  ,    2-80 

r67,    405 

2'S2         4-51 

371  '    5'^2 

j  65      2-65 

'93      ^'4 

1-29      3-56 

2  48  |    4  29 

1-03      6-55 

I   76         3-66 

125     4-82, 

2-50      305 

177      3-23 

184:    255 

4-09  |     i  So 

'     2-32  '     !  43 

3'7l  ,       1  60 

4-  37      2'  12 

3-50      2-55 

173,      2X2 

i  76  ;    2-45 

475'    4281    295      1-97 

4^1          310 

4  77  i     V<*°  ' 

•85'    4-21 

'      -69      2-87 

2-76  '      211 

I    r<)5  •    2x^ 

1   84         3-27 

'     a-53-     3'57 

2-40  1    3*20 

2-40,     173 

2-40      i  63 

i78|    53* 

1-84     273 

2-87         4-85 

3*^0     4-59; 

'  J770  1  34-35 

16-50    3042 

22-n  ',  26^87 

35-22'  42-09 

21  76  -    32-02 

35-25      40-54 

36-17!  45-69! 

Division  XV.  —  WEST  MIULVSD  COUNTIIS. 

Dl'MBAKTO.V. 

»SlIKLIN(i.                  Ul'lK. 

i 

A  KM  LI*. 

IWle. 

Anldnrork, 
Lorli  Long. 

PolmaiM)     !       ™   1  1 
(larJei..             1LuUa' 

Oiiiipivii- 

tu\vn 

Kliinns  of 
J*!ny. 

Knllabus, 

0  ft.  4  in. 

Oft    10  m. 

U  ft  *J  in.          .*>  ft  .'I  .IK 

;tft.4m. 

3ft.  Oin. 

i     1ft  Om. 

1)1  ft. 

MM  it. 

i-jft.            .V'i't. 

7,')  ft. 

7iit. 

;         t>7  It. 

1870.'  1871. 

1870     1,^71. 

I,s70     l.sTI      18?».    1M1. 

1^70     H71. 

l.sTo     1MI 

1870     1^71.' 

in.     i  in 

in.     !  in. 

in.        in.         in.        in. 

in.        in. 

IP.        in. 

1   in.     i  in, 

5'4o  !    4^3 

7'»9'     75" 

3  So      3'bo       2*8')      .j'i  i 

3-0      6^S 

i  04      27? 

3*39  |    4-i6 

5-00!    6  Si 

3-30      4'6o       2*38  '     6*76 

,     508      7-16 

i  "6  ,     3  ;c 

3-30!    5161 

1-20      3-90 

2*30  '     6  67  • 

•60  !    280        73      r<;2 

i  81       3-41 

1  22         2   sfc 

i'-5      379! 

1-51       5-11 

3  06  1    6  156 

•60  '    4-50       1-31  '     3-76 

,'     179,    447 

1-68-     337      s!5»      3-95 

3'95      *  25 

6-13,      1C2 

27v,      130         275'        -37 

;    4-28        -So 

i^.       87      3-09      1-13 

1-77      2x3' 

3-07      r.SO 

r(>0         2'OC          2'C>Js  ,      2  48 

!     2-45        'S9 

2eo|     1-80;     2-81       1-53, 

3-14      623 

130,     4-10        301]     3-3  «; 

216      3-12 

237|     5'2( 

,    I'*"      494 

|    1-78      5-21' 

i  31      5-86 

roo  i    3-20       1-3  }i    3-34 

,     r*4      a-7i 

77  j     227,     1-39      279 

:  3-75    1-89' 

6-c  6      2-38 

3'10  '      2  50  '       221,      2'71 

i     3  91  '    2-19 

4-05  1     172,     5-00      391 

6-86      5-33, 
1-97      3-19! 
4-03      5-60 

10-38      8-50 
3  16      6x<5 

^•50      3'io      4*25      2'io 
i  55      260       i  77  j    2x6 
3-60  '    4'co      2-90  '     3'S2 

8-52      4-05 

'    i  3'  j    5§°5 
2  07  |    4  70 

528      3-57  !    8-13      5-13! 
1-32      3-03     2-62     467 
no      3-82      3-63      436 

40-00    48-53! 

59-15    71-40 

2665;  38-10     27-63!  37-18,   3832',  45-oc 

1  25-41  .  34-76    39'8c    45-52 
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Division  XV.  —  WEST  MIDLAND  COUNTIES  (continued). 

ARGYLL  (continued). 

Height  of 
Rain-gaugo 
above 
Ground  
Sea-level  

Castle  Toward. 

Amis, 
Appin. 

Callton  Mor. 

Invcrnrv 
Castle." 

Lismore. 

Hynish. 

4  ft.  0  in. 
03ft. 

0  ft.  3  in. 
15ft. 

4  ft.  r>  in. 
(),")  ft. 

0  ft.  1  in. 

;io  ft. 

3  ft.  4  in. 
37  ft,  ? 

1870. 

1871. 

1870, 

1871. 

1870. 

1871. 

1870 

1871. 

1870. 

1871. 

1870. 

U-7 

.January  
February  ... 
March    
April  

in. 
3'99 
5'53 
i*33 
2-48 
3-98 
2-32 
2-68 
2-03 
3-80 
6-21 

2-52 
4-19 

in. 

3*39 
6-51 
4-04 

5'43 
2-44 
2-65 

3'94 
4-00 
1-61 
4-69 
372 
5-68 

in. 

3-20 
11*50 
i  '40 
4-40 

5'3° 
2-80 
5-10 

2'20 

5'9° 

6-60 

1*90 

3-00 

in. 
3-60 
5-40 
5-40 
270 

I  '20 
1-90 
5'00 

4-00 
r8o 
5-00 
570 
9-00 

in. 
4*oi 
6*30 
1-32 
2-39 
4'59 
3'°9 
671 
1*40 
470 
9-19 

2'6l 

395 

i, 

4'45 
6-45 
4-23 
3-69 
2-17 
270 

5-»i 
3-29 

1-97 
4-85 

S! 

i, 

3-00 

3-50 
•50 

3  oo 
7'oo 
2-50 

2'OO 
2'00 

5-00 

9*00 

2-50 

2'CO 

in. 

3  'oo 
2*00 
'5° 

•50 

I'OO 
2'00 

5  'oo 
6'co 

I  00 

1-50 
6  -co 

I2'00 

in. 
I  69 
2-47 
•64 
2-41 

3"J4 
2-36 

3'i3 
i'39 
4-36 
6-48 
1-64 
176 

in. 
4-24 
438 
5''o 
1-84 

'P 
1-64 

3-64 
1-48 
r38 
2'35 
3'94 
4-86 

in. 
7-61 
4-01 
2-85 

4'45 
6-27 

*7? 

4-16 
76 
8-07 
8-17 
463 
5'77 

in. 
ST 
6'5 
7'.S 
?-6 

2'2 

4'5 

1*2 

37 
T9 
8  j 

37 

May  

June  
July  
August  
September  .  .  . 
October  
November  .  .  . 
December  .. 

Totals  

41-06 

48-10 

53-30  j  5070 

50-26 

5228 

42  oo 

41-50 

3r67 

3573 

59*53 

57'3 

Division  XVI.— EAST  MIDLAND  COOTIES  (continued). 


PERTH  (continued). 

Height  of 
Rain-gauge 
above 
Ground  
Sea-level  

Loch  Katrine. 

Auc'htcrardcr 
House. 

Sft.IUn. 
lift  ft. 

1870.    IH71. 

Stronvnr,L(«'h 
Earn  Hnul. 

0  ft,  4  in. 
4liO  ft. 

1870.    1H71. 

Trinity  Ga>k. 

S«mo  1 

L'aWe. 

0  in. 

ft. 

1H71. 

Strath-toy, 
Logiorait. 

Oft. 
83C 

1870. 

0  in. 
ft. 

1871. 

on. 

I:?.* 

1870. 

lin.      an 

5ft.              M 
1871.    1870. 

1ft. 

oi: 

1H70. 

Oin. 
ft. 

1871 

January     .  . 
February  ... 
March    
April  

in. 
5-00 
9-80 
1-30 
3-60 
7-30 
r8o 
2-90 

1-20 
6-60 

3-70 

in. 
6-Jo 
9-40 

6'20 

4-80 
1-80 
2-60 
6-00 
6-40 
2-40 
8-70 
6*40 
9-20 

in. 
2-15 

370 
•70 
70 

2'20 
•90 
1*30 
1-30 
2'10 

•70 

4*00 

111. 

275 
3-20 

2-30 
5-20 

1-25 
3*50 

2-80 

1-40 

375 

2-00 
2*85 

in. 

5'°3 
14-10 
2-43 

6'jo 

2-55 
2-60 

7° 
7-32 
10-25 
3-25 
3-90 

in. 
8-05 
782 
7-90 
4*70 

2'10 
8-05 

575 
2-28 

7'95 
575 
12*30 

in. 
278 
3-16 

3° 
•28 

2'CO 
I  '00 
l-65 
I-40 

3  -co 
376 

4-36 

in. 
2-26 
3-68 
2-30 
530 
•6c 
1-85 
4-30 
3-30 

2'10 

4*10 

2-20 
2*70 

in. 
2-05 
2-80 
•56 
•24 

•96 

1-20 

2T2 

3-30 
1-42 

425 

in. 
2-31 

3'9-i 
1-50 
4-28 
•83 

2'22 

4*10 

2-07 
3*56 

2-1  6 

•84 

29-67 

in 
2*40 
5-68 
'49 
79 
1-90 

'75 
•86 

2T2 

4-08 
1-82 

2-70 

in. 

4\8 
2-03 

2-6|j 

no 
3-2<; 
i  16 
3-12 

May  ...     . 

June  

July   
August  
September... 
October  
November  ... 
December  .. 

Totals  

57'4° 

70*00 

24-05 

3i-SS 

61-33 

75'57 

24-59 

34^9 

21-39 

27-13 

29*26 
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Div.  XV.  —  (continued). 

Division 

XVI.  —  EAST  MIDLAND  COUNTIES. 

AUGVLL  (continued). 

CLACKMANNAN. 

KlXItOHR. 

FIFK.       ,!                PERTH. 

Corran, 
i    Loch  Kil. 

Ardnamnr- 
chnn. 

Dollar. 

Lodi  l>vcn 

Sluice. 

Xooktnn.     ,   Kipppnro-w 

Deaiuton. 

Oft,  4  in. 

\\  ft.  (>  in. 

Oft 

[>  in. 

Oft.  10  in. 

Oft.  (nn.           Oft    tin. 

Oft.  4  in. 

14ft.? 

82  ft. 

17- 

ft. 

80ft                  100  ft 

1870. 

1871. 

1870. 

1871. 

1870. 

1871. 

1870. 

1871. 

1870     1871.     1870.!  1871. 

1870. 

1871. 

i 

in. 

in. 

in. 

in. 

in. 

in. 

in. 

in. 

!                                          1 

in.      ,    in.         in.         in. 

in. 

in. 

4-65 
4'  30 

6-65 
9-40 

2-37 
1-49 

2-71 

3-60 
380 

2-94 
6-23 

'      2'20 
TOO 

2-30         2'2I  !       1-31         4-30        2  50 
4-401       2'00         3-89         260!      4-10 

3'94 
4-23 

2-931 

570 

2  75 

795!      '97 

274 

•27 

V73 

•50 

r8o 

'771     ro6        -io  ',    2'45 

6*10 

185,    1-82 

1-17 

r}6|    643        -50 

5-30 

•50!     5-17        -20,    4'2c 

i'ii 

4-40: 

5-4I 

1-651    2<C9 

i  30 

3'S3 

1-04 

1      l'7o 

•80 

172  i         '90         2-20  1         -45 

2*96 

no 

5-65 

1-05 

1-91 

•81 

1-98 

2-32 

rrfo 

2-30 

1-91  j     2-32        roo  ,     2-30 

171 

1-87; 

580 

595 

3-20 

3-30 

1-8,4 

3'93 

,      '80 

4-45 

'971     3'9°       i'8oi    4-20 

1    2<C5      5*35 

2-50 

7-70 

1-84 

2-93 

1-42 

2-64 

70 

240 

•95)    2-32        -501     3-10 

I      *95 

411 

885 

2-25      4-95 

2-32 

4-11 

2-74 

2  60 

2-20 

2'47      1-44      2-20!     r6o 

1-90 

8-40 

5-00      5-10 

4-24,    2-94 

420 

4-20 

324]     3-24      4-  sol    230 

!    V31 

vw 

170 

3-85!    2-941    428 

2-3  s 

35" 

1-50 

1      270 

I'SS:     3'43       *  10,     2'13 

i     1-33 

vn 

4-20    1  1-95  1    2-30 

7-22 

307 

V49 

3-9° 

,    n° 

3-40  j    1-98       3-10  1    3-10* 

'    £'87      4*30 

1            i 

60-31 

65-25!  30-98 

3761 

31-61 

41-99 

2140 

34-10 

21-69!  30-94     23-70'  32-40 

! 

30*22    41  81 

Division  XVI.-—  EA.VT  Mmuxn 
COUNTII-S  (wiitinwil). 

Di 

ir-Evs 

TI.KX  COUNTIES. 

nsion  X^  II.  —  N»m 

Fom.. 

Ki  \r\«  m\r 

Anr.iurrs. 

Dnn<let\ 
XoiTopolii. 

Arbrcuili. 

Muntro-e 

Tl.o  r.urn.          »                \ 
Unvlnn.           Bracraar-     | 

Aberdeen. 

Lcochrl, 
Cuslmie. 

i 

Oft. 

.'>  in. 

'Jft.Om  

Oft 

4  in           lit.  0  1,1. 

Oft  4  in. 

oft.Oin.     i 

1«< 

It.              liO  ft. 

noon. 

±1."H1.              111411.      I        1K"»I1. 

8,vj  ft.      : 
i 

1870. 

1871. 

1870 

1871. 

1870. 

1871. 

1S70. 

1*71.     1870     1S7I.I 

1870. 

1871. 

1870.    1871. 

1 

, 

in. 

in, 

in. 

111. 

ill. 

in. 

in. 

in.         in.        in.     * 

in. 

in. 

in         in. 

170 

•90 

r6o 

no 

1^0 

roc 

2'2O 

i  So        -So        -61 

1-38 

1-30 

1-36 

roi 

2  10 

4-20 

2-36 

3  °° 

2*40 

4'  3  5 

4ro 

47°      4'4°  ,     3  6» 

2'^2 

3'4* 

4-03 

3'°3 

•So 

75 

•68 

•69 

47 

•56 

7° 

70        -37'     273 

•83 

J43 

•7C 

•30 

6-10 

*39 

•6S 

5-11 

•60 

440       2-03  (    26^ 

1-50 

4-16 

i'o8  1    4-09 

1-15 

•85 

T20 

•72 

1-47 

2'12 

2-40 

•70  ,     2  66      i  06 

M6 

•63 

2-38        -91 

1-55 

r8o 

1-83 

1-42 

298 

I  -6l 

•90  1    r8o      i  28  ,    1-90       -83 

ro6 

i       j 

2'  50 

1-25 

3-co 

I'll 

3-21 

4'  34 

4'34 

170 

5-20  _     1-97      374 

3-03 

2-85 

1    *  /  - 

4'^2 

1-40 

I-70 

148 

2-36 

•30 

2-50       479,     2-49 

•80 

2'2I 

2-63 

1-95 

2'I4I      249 

2-154      3>I0 

3  10 

2  oo       3'6S      372 

I-QI 

1*76 

1     3-0; 

3'3C 

1     3  IS 

3-150,     3^9      278 

492 

3-52 

4-20 

540       4-00  (    4-51 

2  51; 

3-(57 

376 

1-85 

I'fio  |      2'l8|       2-90 

323 

4'17 

3  '9° 

2  bo  i     2*4^  |     1*70 

='39 

242 

3'44 

175 

4-25      1-25      362      1-39 

574 

1-49 

470 

1-40       1-951     1-62 

490 

1-42 

5'95 

22-15 

28*65  I  22-40  j  26  69 

31-01 

3374 

2870 

33-20  j  30-38'  30-35 

24*00 

25-18 

31-31 

29-37 
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Division  XX.  —  MFNSTER. 

Div.XXl.— 

LEINSTEK. 

CORK. 

KERRY. 

WATERFORD, 

CLAHK. 

CARLOW. 

Height  of 
Rain-gauge 
above 
Ground  
Sea-level  

Cork, 
Queen's 
College. 

Fcrraoy. 

ICenmare, 
Killarney. 

Watcrford. 

Killaloe. 

Fonngli 
ITousc, 
Bagnalstown. 

0  ft. 
65 

1870, 

Oin. 

ft. 

1871. 

4ft. 
tU 

1K70. 

Oin. 

I  ft. 

1S71. 

•4ft. 
10( 

1870 

0  in. 

ft.      : 
1871. 

4ft. 
00 

1870. 

0  in.     ' 

ft.       ! 

IS71. 

f>  ft.  0  in. 
1'JttR. 

l«70.    1871. 

1ft. 
!U( 

1870. 

5  in. 

H't. 

1871. 

January  
February   ... 
March    
April 

in. 
476 

4'39 
2-24 
1-14 
2-38 
•64 

I'OI 

1*60 

3  '44 
670 

3'33 
3-98 

in. 
4-92 
4'47 
2*64 
4-48 
•65 

4'22 
4-67 
2'05 

4'59 
3-43 
5"o6 

4'20 

in. 
3'So 
3  '07 
2*55 
•91 
2-16 
•7« 

'9J 
1-16 

275 
6-18 
223 

2  89 

in. 
4'32 
4'55 
2-28 
3-19 
•66 
3-10 
380 

i'53 
2-87 
3-82 
1-92 
3'5* 

in.        in. 
3-37      7-50 
'    4-67      678 

|    4-96I    378 
5-63      2-48 
4  95        '06 
•26      5  70 
•28      7  53 
5-5i      5'i4 

12-68;   3-98 
16-51:   7-05 

8-66      4-43 
i'53j    8-29 

in. 

475 
3«z6 
2-99 
•82 

3'5° 
1-29 

'47 
2-17 
2-36 
571 
3-78 
242 

in 
4-81  ' 

3-93' 
2-18, 

4'5! 
71 

374 

5'C2 

3'S7 

2  60 

S'31' 
439 
39-> 

111. 

575 
3-02 

274 
2-07 

3*93 

71 

'•J° 
2-49 
3-66 
991 

2'2C 

3^o 

111. 
4'96 
3-70 
252 
4-92 
•99 
275 

5  '99 

281 

2'02 
4-50 
2  00 

3  51 

in. 
4-12 
2-83 

2*34 
roi 
i  96 
i  06 
1-53 
2-83 
2-63 
386 
2-34 
i  Si 

29-07 

in. 
3-48 
3'3» 

2'C4 

3-57 
•24 
2-25 
<ns 

2  ;2 

3-co 

3««! 

2-7 

2'6c 

May   

Juno  

July    .    ... 

August  
September  .  .  . 
October  
November  ... 
December  ,,. 

Totals  

35-61 

45-38 

29-09 

35'56 

69*01 

62*72  ' 

3355 

44-67  ^ 

40-78      40-70 

33-88 

Division  XXII.  —  CONKAUGHT  (continued)  • 

Division  XXITI.  —  1  J,SXI;K. 

1 

! 

BOFCOMMON.            i! 

1! 

SLIGO. 

C  WAX.             ExXISKlLLEJf  .  | 

1 

i 
ANTRIM.      ] 

i 

Height  of 
Kain-gauge 
above 
Ground  
Sea-level  

Holywcll. 

Doo  Castle. 

Mount 
Shannon, 
Sligo 

R->d  Hill^,          P!orcn,-o     ' 
JJi'lturbet.            Court. 

! 

A^lialec, 
Lurgiin. 

5  ft.  G  in. 

1  ft.  0  in. 

4ft. 
70 

1870. 

">  in. 

ft. 

1871. 

Oft. 
20?- 

1870. 

Dili.         11  ft.  Oin. 
U't.              ;)()()  ft. 

1871.  p  1H70.    1871. 

1ft. 

10: 

1870 

0  in. 
)ft.      • 

1871., 

1870. 

1871.  •;  1870. 

r 

1871. 

January  
February   ... 
March    
April  
May       

in. 
3-28 
2-74 

l'Sl 
1-46 

1-68 
1-81 

2  12 
2-48 

3'32 
59* 
i'93 
2-90 

in.     i 
2-98  i 
3^  1 
2-15  ' 

3-22 

''34 

4-27 

5'49 
2-48 

I-95 

2'2I  , 
I-92; 

I<99, 

in. 

3-3i 
4-12 
2-23 
1-72 
3-30 
1-53 
r66 
•86 

3'59 
9-92 
2-56 
3-41 

in. 

4'57 
3-86 
3-06 
4'i8 
1-42 
3-65 
5-64 
2-41 

2'2I 
3-67 
2'57 

3*60 

in. 
3-32 
2-26 
3-30 

175 
2-86 

2'22 

r86 

3'°5 
4-07 

IO'J2 
3-25 

4''5 

in. 
4-11 

3'34 
3-21 

a'51 

1-06 

271 

6'13 
2-66 

i'55 
3-21 
3-26 
3'35 

in 
4-19 
2-51 

r54 
ri6 
2-91 

1-7.2 
1-65 
1-24 

3^5 
7-60 
1-86 
3-22 

in.     j,   in.     ', 
4-33       4-86 
3-36       5-38' 
2-83  ,     i'44  ' 
3-31  '!     201 
•92  :     3-62 
2-09        1-13 
7-82'!       -27 
2-46  ,     1-38 
2-03       374 

2-59  •'.  «'»s 

1-78       2-64 

2-52   s      4-35 

in,     , 
4'49, 
47  5  ' 
3'93 
4-56 
1-17, 
1-91 

8-22 

3'37 
2-19 

3'57 
4-24 

3'»9 

in. 

2-95 

I  -ol 

146 
1-20 
2-l8 

ro6 

2-25 

r45 
2*29 

7'57 
i'57 
2-97 

i 
in. 

3-33' 
2-84  i 

1§35 

2"a6 

'5S1 

2-02  , 
5-09  ; 
3'00  ; 
2-56' 
2-41, 
2'C2 
2-I5  | 

1    r    J     

i  «hino  

July   

August   
September... 
October  
November  ... 
December  ... 

Totals  

31-22 

33*62, 

38-21 

40-84 

42-21 

38-50 

32-45 

3604;!   42-97 

46-29 

28-86 

30-I8, 
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Division  XXI.  —  LEINSTEE  (continued). 

Division  XXII.  — 

CONNAWET. 

CARLOW 
(continued). 

QUEEN'S  Co. 

KING'S  Co. 

ll 

WICKLOW.    |!     DUBLIN. 

GALWAY. 

i 

Galwiv 

ttrownes  Hill, 
Carlow. 

Portarlington. 

i; 
Tullainoro.    | 

Fassnroe, 
Bray. 

Black  Rock. 

Cregg  Park. 

Queen's 
College. 

1  ft  Oin. 

1  ft. 

2  in. 

3ft. 

0  in.    i 

oft.  Oin,     !!    20  ft.  Oin. 

3  ft.  Oin. 

8  ft.  2  in. 

201  ft. 

240ft. 

233  ft.      ' 

2JO  ft.       '         <IO  ft. 

130  ft. 

M  ft. 

1870. 

1871. 

1870. 

1871.  |  1870. 

1871. 

1870. 

1871.     1870. 

1871. 

1870. 

1871. 

1870.    1871. 

in. 

in.      1  in. 

in. 

in. 

in.     , 

in. 

in.         in. 

in. 

in. 

in. 

in.        in. 

3'H 

3'59 

2-83 

3'43 

2-81 

3  '43 

4-20 

379  i    2'59 

3-16 

382 

3  60 

4-11 

644 

2-42 

278 

'75 

2-00 

1-82 

2-14. 

3-36 

3-98       2-68 

2-63 

2-97 

2-8  1 

272 

4-78 

7-41 

175 

228 

I-46 

267 

175 

171 

2'12 

•68 

T22 

302 

j-45 

2*21 

1-08 

4-61 

'93      3''7         -98 

4-00 

•65 

3'47         '65 

2-86 

1-81 

498 

2'6l 

3'44 

*'75 

'41 

2-15 

'63          2-12 

'45, 

2-27 

•32 

I  20 

•16 

379 

•86 

i    4'36 

1-28 

ro6 

2-37 

•86 

2-33        '69 

2-7r 

•48 

3-08 

70 

2'54 

98 

3'97 

!     i'45      3-50 

74 

5-20 

1-17  1     5-62,     1-07 

6  29 

•46 

4-11 

•68 

5'94 

''33 

495j     3'43 

6*20 

1-99 

2-62 

1-61 

i  97       i  49 

1-70 

2'20 

1-24       1-96 

no 

1-99 

214 

3^9 

3-64. 

2^65 

2-19 

2*95 

r6o      2-66 

1-19 

2-64 

4-46       i  "j  2 

4'io 

3-02 

1-39 

3-51 

2-18, 

5-60 

3-13 

6-54 

*-83'     5'54 

i     "9 

864 

3-4* 

6  64  i     2  84 

6-09 

3'4* 

1    9<69 

220 

2'2I 

2-19 

1-82 
2-63 

1-04      1-65        -65,    1-44 
1-93      1-82      2-361    170 

2  90 

181 
179 

1-541     in 
2-94  1      '99 

•89  j     1-46 

2*10  I      418 

1    4'57 

I  3-65 

2-44, 

28-24   33-10    26-04!  28-51     24-86 

29-09 

33  J4 

33-25,    25-02 

28-11 

30-01  j  36  84  ;  44  84 

3969 

Division  XXTIT. — TLSTKK 


ANTRIM  (continui 

(}\                  'LONDONDERRY.       TIRONK.                     DONEGAL. 

Antrim. 

Queen's 

Carrii'kfergiK  '  Londonderry'.        Omagli.          L'ttcrKonny 

Dung'oe. 

College. 

1  ft.  0  in. 

7  ft.  4  in. 

1  ft.  Oin.      '     Oft.  Inn.           1  f<   Om           1  It-  *  i». 

Oft 

(i  in. 

IftUft. 

08  ft. 

ISft.                 80  fl                 2M)lt.               108ft. 

10ft 

1870. 

1871. 

1S70.  «  1871. 

1S70.'1871      1870     1871.     I.s70.    1^71.     1^70.    1871. 

1870 

1S7J. 

in. 

in. 

in.         in. 

in.     i   in.      '   i".        >"•         >"         i»-         '"•     -  "•• 

in. 

in. 

^•^^ 

3-18 

2-44'    4-38 

337'     34-1       3'°°      4*44       2<S7      411'      3'93      57° 

273 

4'37 

'74 

2-64 

265.     324 

281       367,     2'S5      250       261      242^     4'i       3'5° 

3-30 

2-70 

1-6} 

1-40      i  78 

i*2i  '     2-ci  i     rcq      3051      *8o      204-      i  77      4'4^ 

1*68 

4'37 

•86 
2-38 

3-90 

1-03 

1-35      3-22 
264       -58 

1-83  1    4-12:    2'io,    4-12  i     1-76      375'     3'-6      4'42 
2-58  •      -871    2-04'      -16       284        -671     3l6'     I-29 

2-35 

2'10 

1-23 

1-69 

r*H 

1'2  1  '      1*97 

ric  '     rijS  ,      17°      2*40       1*55      -'331'     ~  7^  !     3^ 

2  O2 

2-84 

260 

6-2C) 

i  61      3-86 

2-27  :     «rto!     1-95!    6-20       206,     579'     1*82  1     9-43 

2-14 

577 

2-87      178 

2-36     ri4 

2^9      2-83        57'    3-97!    i4°i    2'8°      a'1  5      ri9      2  33  '    3'5° 
''43!    3'39  i    "]•    *54i!    4  S3.    37$       V^      I<67  •     59°;    *78 

2-7S 

2-29 
3-63 

7-60 

2-57 

9-90      3-08      8-31;    2*44''    980'     1-63       770      2-49,11-05      474      85° 

4-12 

75      a'S^ 

1-05,     174 

1-36,    2-99       2-50;     3-40       2-15      1-47,     4'49      4'5° 

4-02 

3'5^ 

2-56        2  11 

2-39  ;    i  84 

2-96,    245;     3'55''    27o       a'33  '    r5D,     4'9C      4'47 

2*86 

5'53 

28-54 

3^73 

30-14'  31-91 

30-70135-05'   37-27,  37-18     3106    31-43     49-42    52<63 

39-18 

43-65 

1  872. 

Q 
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Report  of  the  Committee,  consisting  of  the  Rev.  Dr.  GINSBURG,  W. 
HEPWORTII  DIXON,  Rev.  Dr.  TRISTRAM,  F.R.S.,  General  CHESNEY, 
Rev.  Professor  RAWLINSON,  and  JOHN  A.  TINNK,  appointed  for 
the  purpose  of  undertaking  a  Geographical  Exploration  of  the 
Country  of  Moab. 

lieport  on  the  Exploration  of  Southern  Moabt 
By  CHRISTIAN  1).  GiNsnuita,  LL.D. 

THE  expedition  left  London  011  Wednesday,  January  KHh,  1872,  and 
arrived  at  Jaffa  on  Monday,  January  22nd,  about  cloven  o'clock  in  the 
morning.  The  party  consisted  of  Dr.  (Jinsburg,  Dr.  Tristram,  and  !Mr. 
Johnson.  Mr.  Klein,  tlio  original  discoverer  of  tlio  Moabilo  Stone,  arranged 
to  join  them  at  Jerusalem.  The  object  of  the  expedition  was  to  get  to  Moab 
as  soon  as  possible ;  it  was  determined  not  to  tarry  in  the  Holy  Land,  how- 
ever much  some  of  us  felt  tempted  to  explore  the  country.  We  therefore 
proceeded,  at  3.30  P.M.  on  the  saino  day,  to  Kamleh,  taking  Lydda  on  our 
way  to  Jerusalem.  Early  in  the  morning  of  the  following  day  (January 
23rd)  we  started  for  Jerusalem  over  Beth-Horon,  and  reached  the  sacred  city 
in  the  dark. 

After  waiting  six  days  at  Jerusalem  for  an  escort,  and  making  the  neces- 
sary preparations,  wo  left  for  Hebron  January  30th,  at  10  A.M.,  where  we 
arrived  about  six  o'clock  in  the  evening  of  the  same  day.  Here  wo  engaged 
Abou  Dachouk,  the  Sheikh,  of  the  Jehalin  tribe,  to  conduct  U*  safely  to 
Kcrak.  He  entrusted  his  old  uncle,  Abou  Salama,  to  head  the  escort ;  and 
we  left  Hebron  at  1.30  P.M.  on  Thursday,  February  1st.  As  it  had  been 
determined  to  enter  Moab  by  the  south,  we  now  made  our  way  to  Engedi, 
and  arrived  at  Um  (ihazeLit  at  5.30  P.M. 

Though  this  place  is  halfway  between  Hebron  and  Engedi  almost  in  a 
straight  line,  and  though  the  old  Abou  Salama,  our  guide  (who,  like  his  an- 
cestors,  was  born  and  brought  up  in  this  neighbourhood),  has  ncted  as  a  guide 
to  former  explorers,  yet  he  does  not  seem  to  have  mentioned  Um  (ihazehit 
to  those  few  travellers  who  have  come  this  way  before  to  explore  the  basin 
of  the  Dead  Sea,  nor  can  it  be  found  in  the  most  recent  maps  of  Syria. 

We  pitched  our  tents  for  the  night  at  this  biippo.scd  now  placo,  near  tho 
encampment  of  the  liaabneh  tribe.  At  10.5  A.M.  on  Friday  (February  2ml) 
we  left  for  Engedi,  where  we  arrived  at  4.30  P.M.  Here  we  encamped  near 
the  beach  of  the  Dead  Sea,  and  opposite  thn  Monb  shore  and  mountains,  to 
which  we  were  making  our  way.  We  left  Engedi  in  the  afternoon  of 
the  following  day,  which  was  Saturday,  and  determined  to  pitch  our  tents 
for  Sunday  at  Sebbeh. 

Between  Engedi  and  Sebbeh  we  passed  on  the  shore  of  the  Dead  Sea  tho 
following  four  Wadys: — Wady  Ghar,  which  is  close  to  Kngedi,  and  which  wo 
crossed  at  1 2.37  P.M.  ;  this  Wady,  which  our  old  Sheikh  solemnly  assured 
us  was  Ghar,  is  marked  both  in  Van  de  Yelde's  and  in  Lynch's  maps  as 
Areyeh.  The  next  is  Wady  Chobrah,  which,  according  to  Mr.  Klein's  most 
painstaking  cross-questioning,  we  found  to  be  the  proper  spelling,  and  not 
Khuberah,  as  it  is  spoiled  in  Van  de  Vcldc's  map ;  this  Wady,  which  wo 
reached  at  2  P.M.,  is  an  hour  and  twenty-three  minutes  from  the  former  one. 
The  third  Wady,  which  is  an  hour's  distance  from  the  second,  and  which  is 
marked  in  Van  de  Velde  as  Wady  Halil,  we  were  positively  assured  is  Wady 
Mochrath ;  whilst  the  fourth  Wady,  which  is  about  forty  minutes'  distance 
from  the  third,  and  which  has  no  name  at  all  in  Yan  de  Yelde,  we  were  told 


GEOGRAPHICAL  EXPLORATION  OF  MOAB. 

is  Ncmriyeh.     Tho  distance  between  this  Wady  and  Wady  Beyal,  where  we 
camped,  wo  did  in  a  little  less  than  an  hour. 

Having  spent  Sunday,  February  4th,  at  Sebbeh,  and  explored  the  ruins  of 
the  famous  fort,  we  started  on  Monday,  at  7.45  A.M.,  for  the  Wady  Zuweirah, 
where  wo  arrived  at  3.30  P.M.,  and  encamped  for  the  night.  In  the  seven 
hours  and  three  quarters  which  it  took  us  to  get  from  Wady  Seyal  to  the 
Wady  Zuweirah,  wo  passed  no  less  than  ten  AVadys,  respectively  called 
(1)  Wady  Sebbeh,  (2)  \Vady  el  Kattar,  (IJ)  Wady  Havhav,  (4)  Wady  Benin, 
(5)ltabbat  el  Jumuz,  (<5)  Wudy  el  Kittor,  (7)  Wady  Morscd,  (8)  Wady 
Chasrurah,  (9)  Wady  urn  Berrck,  and  (10)  AVady  Nojd. 

Of  these  ten  Wadys,  which  are  almost  equidistant,  only  six  are  laid  down 
in  Van  do  Veldo's  map ;  and  even  of  these  six  tho  names  of  three  only  cor- 
respond, the  names  of  two  out  of  tho  three  being  reversed  (viz.  Nos.  4  and 
5  in  this  lleport),  whilst  the  names  of  the  other  three  (viz.  Um  el  Bcduii, 
AVady  llatruru,  and  Um  Baghck)  arc  not  to  be  found.  It  may  be  here 
remarked  that  Wady  Nemriyeh,  which,  according  to  our  guide,  is  on  (he 
south  of  Sebboh,  is  in  Van  de  Vclde's  map  on  tho  north,  that  the  eliifs  come 
up  quite  close  to  the  sea  between  AVaclys  S  and  0,  leaving  no  beaeh  whatever, 
and  that  wo  had  here  to  make  our  way  over  tho  roeks.  This  fact  is  not 
pointed  out  in  Van  de  Volde's  map. 

.Being  determined  to  cross  the  dangerous  Valley  of  Salt  early  in  the  day, 
we  left  the  Zuweirah  at  (>  A.M.  on  Tuesday,  Frbnuiry  15th.  Before  leaving 
this  remarkable  spot  we  were  detorminod  to  explore  it,  as  well  as  the  range 
of  salt  mountains  which  is  known  by  the  name  nf  Khafhm  or  Jebel  Usdum. 
Jt  will  be  remembered  that  this  is  the  spot  marked  in  l)e  Suulcy's  map,  as 
well  as  in  the  map  of  Palestine  used  in  our  British  schools,  as  the  site  of 
Sodom ;  indeed  PC  Smiley  declares  thai  he  saw  here  "  the  ruins  of  a  build- 
ing which  was  anciently  a  part  of  Sodom."  Anxious  as  some  of  our  party 
were  to  see  the  relics  of  the  doomed  rity,  a  careful  inspection  of  the  heap  of 
btones  referred  to  left  no  doubt  upon  the  mind  that  they  are  the  remains  of 
a  mediaeval  square  tower,  which  was  erected  here  to  protect,  the  labourers  in 
the  salt  mountains  who  carried  on  traffic  with  Hebron  and  other  towns. 

Between  the  Zuweirah  and  our  entering  the  A^alley  of  Salt  we  passed  tho 
marvellously  torn  and  rent  salt  mountain,  as  well  as  three  Wadys.  Our 
Sheikh,  Abou  Salama  (tho  brother  of  the  very  man  who  was  l)e  Saulcy's 
guide,  and  who  gave  him  such  minute  information  about  the  ruins  of  Sodom), 
could  not  even  tell  us  tho  name  of  any  of  the  AVadys.  One  of  these  had 
actually  bored  a  tunnel  through  the  salt  mountain,  and  thus  made  a  remark- 
able hole  through  tho  cave  in  Jebel  Usdum.  The  beach  now  was  nothing 
less  than  a  soft  slimy  mud.  The  distance  between  the  Wady  Zuweirah  and 
the  extreme  point  of  the  Es  Snbkah,  where  \ve  began  crossing  it,  is  an  hour 
and  a  half.  At  7.30  we  entered  upon  tho  margin  of  the  barren  flats  of  back- 
water. After  marching  for  about  three  hours  knee-deep  in  slush,  and  cross- 
ing seven  drains,  some  of  which  wore  dry  and  some  still  draining,  we  arrived 
iu  the  front  of  the  Saphia  at  10.;$  A.M. 

IFore  our  troubles  began.  Seeing  our  cavalcade  crossing  the  Salt  valley, 
the  Moabkes  must  have  thought  that  we  were  fair  game  for  plunder,  or  that 
we  were  como  to  invade  their  homesteads.  On  approaching  the  Saphia,  wo 
found  throe  tribes  arrayed  against  us  in  front  of  the  wood,  beyond  a  narrow 
intervening  stream.  The  grotesque  mob,  as  wo  noarod  them,  uttered  shrieks, 
yells,  and  war  cries,  firing  off  their  few  guns,  and  refusing  to  let  us  enter 
their  territory.  Abou  Salama,  our  old  Sheikh,  and  Daud,  our  dragoman, 
with  a  fow  of  our  Bedouins,  bravely  jumped  over  the  stream.  The  horses  of 
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the  old  Sheikh  and  the  young  dragoman  fell  into  the  water,  and  the  riders 
were  soon  seen  rolling  on  the  ground  and  struggling  with  their  enemies. 
One  of  our  Bedouins  was  lying  prostrate  on  the  ground,  and  bleeding  pro- 
fusely. After  a  few  minutes  the  Sheikh  and  the  dragoman  were  again  on 
their  legs  and  parleying  with  their  assailants,  assuring  them  with  solemn 
oaths  that  we  had  not  come  to  invade  the  country.  We  were  at  last  allowed 
to  cross,  and  were  led  by  these  bands  of  robbers  into  the  Saphia,  where  a 
place  of  encampment  was  assigned  to  us  about  three  miles  towards  the  north. 

After  pitching  our  tents  we  clearly  saw  that  our  safety  consisted  in  keep- 
ing together,  and  not  straying  singly  into  the  wood,  since  these  robbers  were 
lurking  behind  the  trees  and  bushes  for  prey.  The  three  tribes  who  occupied 
the  Saphia,  and  who  now  considered  us  fair  game,  are  the  Bcne  Attia,  the 
Haaz,  and  the  "VVarroney.  We  were,  in  fact,  virtually  prisoners,  inasmuch 
as  we  did  not  venture  to  go  beyond  our  tents ;  and  we  therefore  deemed  it 
more  prudent  to  remain  within  our  encampment  the  rest  of  the  day,  which 
was  Tuesday,  February  Oth.  In  the  mean  time  the  robbers  secretly  des- 
patched messengers  to  the  Mugclly  of  Kcrak  to  inform  him  that  a  batch  of 
European  magnates  were  in  the  Saphia,  and  that  they  too  should  come  and 
have  their  share  out  of  us.  The  son  of  the  Mugclly  Sheikh  of  Kcrak,  as  it 
might  be  supposed,  immediately  came  over  and  declared  ihat  wo  were  in  the 
hands  of  cut-throats  and  robbers,  and  that  he  came  to  save  us  from  them. 
From  the  respect  and  deference  which  the  Saphia  tribes  paid  him  we  believed 
his  declarations,  and  indeed  began  to  fool  ourselves  more  secure  and  at 
liberty. 

We  now  determined  to  explore  the  Saphia  and  the  extensive  ruins  in  the 
neighbourhood.  To  do  this  we  had  to  negotiate  with  the  Saphia  robbers, 
not  only  for  permission  but  for  escort.  Their  demands  were  exorbitant.  As 
we  decided  to  sec  what  could  be  seen  here  wo  made  the  best  bargain  wo 
could;  and  about  11  A.M.,  February  7th,  we  started  on  our  explorations,  ac- 
companied by  eight  of  the  Saphia  princes  on  horseback.  Our  direction  was 
south-west  of  the  Saphia,  and  we  rode  through  a  forest  of  acacia,  thickets  of 
tamarisk,  and  dwarf  palms,  till  we  came  to  very  extensive  ruins.  These 
ruins,  according  to  our  guides,  are  divided  into  three  parts ;  one  is  called 
Sheikh  Isa  (Jesus),  the  other  Tvasur  el  Bashairn,  and  the  third  tbeMashnuka 
(hanging-place).  In  the  second  of  these  ruins  we  saw  coipses  of  women 
lying  about. 

After  carefully  inspecting  the  ruins,  which  cover  between  one  and  two 
miles  of  the  ground,  it  may  be  inferred  that  though  the  bulk  of  those  which 
still  rise  to  a  considerable  height  above  the  ground  are  decidedly  remains  of 
mediaeval  sugar-mills  and  other  buildings  of  that  period,  the  foundations,  and 
indeed  thp  larger  portion  of  the  hewn  stones  strewn  about,  are  as  decidedly 
partly  relics  of  buildings  of  the  Koman  period  and  partly  the  remains  of  edi- 
fices of  a  much  older  date  than  the  Koman  occupation  of  this  district.  They 
most  probably  exhibit  the  Moabitc  fortified  frontier,  both  against  the  Jews 
on  the  west  of  the  Dead  Sea  and  against  the  Edomites  on  the  east  and  south- 
east. 

The  fact  that  this  is  the  southern  frontier  of  Moab  suggested  another  con- 
clusion, which  elucidates  a  geographical  remark  in  the  Pentateuch  on  the 
limits  of  Moab  that  is  greatly  obscured,  and  is  perfectly  without  meaning  in 
the  authorized  version.  In  Numbers  xxi.  12,  Itf,  we  are  told  that  the 
Israelites  removed  from  Zared,  "and  pitched  on  the  other  side  of  Arnon, 
which  is  in  the  wilderness  that  cometh  out  of  the  coasts  of  the  Amoritos/' 
This  verse  therefore  gives  the  Arnon  as  the  northern  limit  of  Moab,  thua 
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assuring  tho  Israelites  that  all  north  of  the  Arnon  up  to  Hcshbon  is  to  be 
theirs.  In  confirmation  of  this  statement,  the  sacred  writer  quotes  in  the 
verse  immediately  following  tho  declaration  made  respecting  the  frontiers  of 
JMoab  from  "  The  Book  of  the  Wars  of  Jehovah/'  wherein  the  whole  extent 
of  Moah  from  souih  to  north  is  most  minutely  fixed,  and  tho  two  boundaries 
are  .distinctly  specified,  viz.  tho  southern  boundary  is  Yahab  in  Suphah 
[Saphia],  and  the  brooks  of  Arnon  the  northern  boundary. 

Completely  surrounded  by  the  escort  of  these  savages,  we  left  our  encamp- 
ment at  (S  A.M.  As  our  tents  were  pitched  almost  in  the  centre  of  this  oasis, 
we  passed  through,  for  about  two  miles,  a  forest  of  acacia,  tamarisk,  dwarf 
palms,  and  reeds  on  the  shores  of  the  Dead  Sea,  bearing  north-north-east. 
At  about  8.20  we  reached  the  ruins  of  Um  el  Ilashib,  and  about  8.40  we 
crossed  the  Wady  Korcha. 

The  name  of  this  YYady  disclosed  a  remarkable  fact,  which  Dr.  Ginsburg 
believes  will  henceforth  definitely  bettle  a  geographical  point  mentioned  in 
the  famous  inscription  on  the  Moabite  Stone.  On  this  triumphal  pillar  King 
Mcslia,  tells  us,  in  line  ii,  that  he  erected  the  monument  in  question,  at  Korcha. 
In  lines  ^1,  U4,  LV>  we  are  told  that  this  king  built  and  greatly  fortified 
Korcha  aftei  the  expulsion  of  the  Jews  from  Northern  Moab ;  and  though 
the  word  is  treated  as  a  proper  name,  and  lienco  is  without  the  article,  yet 
epigraphists  of  great  distinction  maintain  that  the  word,  according  to  its 
form,  cannot  be  a  proper  name,  and  therefore  is  the  Pint-land  or  Jfurfcet. 
Now  the  existence  of  a  Wady  named  Korcha,  spelled  in  exactly  the  same 
way  as  on  the  inscription,  leaves  it  beyond  the  shadow  of  a  doubt  that  Korcha 
on  the  Moabite  Stone  is  the  proper  name  of  a  town.  Whin,  in  the  sequel, 
we  come  to  Pihon,  we  may  be  able  to  show  the  position  of  this  town. 

doing  on  still  due  north  we  came  (circa  0.^  A.M.)  in  about  twenty-two 
minutes  from  Wady  Korcha  to  Wady  Mirwaeha,  and  in  an  hour  and  a  quarter 
more  reached  the  iiiins  of  Xnmeiru  (/.<.  circa  10.15).  These  ruins  are  in 
extent  more  than  half  a  mile,  and  cover  a  s-urfaee  of  uneven  ground.  The 
stones  of  ancient  buildings,  which  are  strewn  about  in  all  directions,  are 
mostly  very  large,  about  a  foot  and  a  half  in  diameter,  but  roughly  cut. 
Some  foundations  of  buildings,  as  well  as  the  remains  of  a  quadrangular  wall, 
arc  distinctly  discernible.  The  great  geographical  interest  of  this  place  arises 
from  the  fact  that  it  figures  on  the  maps  of  the  few  eminent  travellers  who 
have  explored  this  region  as  the  site  of  two  remarkable  places  mentioned  in 
the  liible.  Thus  hby  and  Mangles  (p.  44S),  as  well  as  Lynch  (p.  345), 
identify  it  with  the  ancient  /oar,  to  which  Lot  and  his  daughters  rled  for 
shelter  at  the  de>lnu ti«>n  of  Sodom  ;  whilst  J)e  Saulcy  marks  it  as  the  site 
of  Xeboim,  which  was  destroyed  at  the  same  time  as  Sodom.  The  locality, 
however,  as  well  as  the  name,  correspond  far  more  \uth  the  ancient  Ximrim 
mentioned  in  Isaiah  xv.  (>,  and  Jeremiah  xlviii.  lil,  than  with  either  of  these 
hypotheses. 

Marching  due  north  for  about  three  quarters  of  an  hour,  we  entered  a 
thicket  of  thorny  trees  and  bushes,  ami  then  crossed  Wady  Axzal  at  11.30  A.M., 
leaving  a  fringe  of  reeds  near  the  beach  of  the  Dead  Sea  to  our  left.  We 
continued  our  march  north-east,  ascending  a  hill  and  leaving  the  promontory 
or  peninsula  of  Lissan  somewhat  to  our  left.  We  now  ascended  the  southern 
portion  of  the  ravine  through  which  the  Wady  Drah  flows  into  the  Dead  Sea, 
and  crossed  the  Wady  at  about  2  P.M.  Our  journey  was  now  almost  due 
east,  ascending  all  along  by  the  side  of  the  ravine ;  and  at  3.150  we  reached 
tho  top  of  the  hill  Drah,  about  (>UO  feet  above  the  Dead  Sea.  The  scene  of 
our  encampment  here  was  most  charming.  To  our  left  was  the  deep  ravine 
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through  which  the  Wady  Kerak  flows,  with  a  perfect  oasis  on  its  slopes  and 
with  a  Bedouin  encampment.  To  our  right  there  was  a  perpendicular  moun- 
tain rising  above  us,  on  the  summit  of  which  are  the  ruins  of  an  ancient 
tower,  which  was  evidently  designed  to  guard  the  pass  to  Kerak.  At  our 
back  was  the  peninsula  of  El  Lissan,  and  in  front  of  us  wore  the  steep  moun- 
tains of  Moab,  through  the  defiles  and  over  the  giddy  heights  of  which  wo 
had  to  wind  our  way  to  Kerak.  By  the  lurid  light  of  our  bivouac  fires  this 
remarkable  spot  looked  sublimely  lonely.  The  Mugelly  with  great  cunning 
selected  this  place  as  best  serving  his  purpose. 

We  retired  to  rest,  little  dreaming  what  we  should  have  to  wake  to.  In 
order  to  show  how  secure  we  were  under  his  protection,  and  to  lull  us  to 
sleep  pleasantly,  the  Mugelly  got  up  a  sham  fight  with  the  Saphla  robbers, 
charging  them  with  moan  behaviour  towards  us,  and  threatening  to  stab 
them,  for  which  purpose  ho  actually  drew  out  his  dagger.  As  it  was  an  affair 
between  themselves,  quarrelling  about  the  money  we  gave  them  to  buy  them- 
selves a  lamb  for  supper,  we  did  not  interfere,  but  went  to  sleep  as  soon  as 
the  deafening  noise  of  these  villains  subsided,  and  rose  early  to  resume  our 
journey  to  Kerak,  which  was  only  four  hours  and  a  half  distant. 

It  was  here  that  the  true  character  of  the  young  Mugelly  showed  itself, 
and  that  we  learned  to  our  bitter  cost  why  he  urged  us  to  dismiss  onr  Jehalin 
escort,  and  why  he  adroitly  selected  this  lonely  spot  for  our  encampment. 
No  sooner  did  he  perceive  that  "\ve  had  begun  to  strike  our  tents  than  ho 
demanded  .£70,  and  declared  that  he  would  not  allow  us  to  proceed  unless 
the  money  was  forthcoming.  He  at  last  consented  to  take  25  napoleons ;  and 
at  about  8  A.M.  we  started  on  our  journey.  What  might  happen  to  us  at 
Kerak  when  lodged  in  the  clutches  of  this  vagabond  was  more  than  any  of  us 
dared  to  think  of.  We  tried  to  comfort  ourselves  with  the  fact  that  one  of 
the  gang  was  a  Christian,  and  that  he  might  be  of  help  to  us  when  the  worst 
came  to  1ho  worst.  We  proceeded  on  our  journey  not  in  a  very  good  humour 
for  exploring.  We  continued  ascending  a  ridge  of  wild  mountains,  called 
Akabat  Charaza,  crossed  the  Wady  Clmruza,  and  came  to  the  ruins  called 
El  Kabo  (i.  e.  the  cave),  about  1000  fert  above  the  Dead  Sea  (circa  J)  A.M.). 
Here  we  were  told  a  Christian  Sheikh  lived  in  olden  days,  who  exacted  tri- 
bute from  all  travellers  to  or  from  Kerak.  The  hill  on  the  right  of  El  Kabo 
is  called  Bothench,  whilst  the  hill  more  to  the  north  still  is  called  Ehnanzar 
(i.e.  watch-tower).  Ascending  still  higher  wo  climbed  a  ferruginous  hill, 
called  Jebel  el  Hadid,  passed  Wady  Umeshanan  at  J).JJO,  Wady  Itu^cis,  with 
the  spring  called  Ayin  Ruseis,  at  11.15,  reached  the  plateau  of  Omsidre  at 
12,  and  descended  to  the  bottom  of  Wady-Korak  at  12.40.  We  now  began 
climbing  an  almost  perpendicular  zig/ag,  leading  to  the  summit  on  which 
the  ruins  of  this  famous  fortification,  with  its  enclosed  huts,  are  planted. 

On  our  way  to  Kerak,  the  Mugelly  was  very  anxious  that  we  should  earnp 
outside  this  vulture's  nest  in  the  deep  valley  hclow,  which  is  exceedingly 
fertile,  and  where  there  are  ruins  of  ancient  buildings  and  a  sugar-mill.  To 
this  we  decidedly  objected,  as  we  should  have  been  cut  off  from  all  communi- 
cation with  the  inhabitants,  and  in  that  case  the  vagabond  could  make  any 
demand  upon  us  without  the  possibility  of  our  appealing  to  any  one.  He  had 
therefore  to  lead  us  up  to  Kerak.  The  road  consists  of  a  very  steep  terrace 
on  a  charming  ravine,  strewn  all  over  with  stones  of  different  shapes  and 
various  sizes.  These  stones  being  imbedded  in  the  precipitous  ascent,  form, 
in  fact,  crooked  steps.  So  steep  is  the  ascent,  that  we  had  to  dismount  and 
lead  our  horses.  We  reached  the  top  at  1 .30  P.M. 

It  was  fortunate  that  we  went  to  examine  the  place  immediately  after  our 
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arrival ;  for  soon  after  we  returned  to  our  tents  the  son  of  the  Mugelly,  who 
brought  us  from  the  8aphia,  came  and  demanded  no  less  than  (JOG  napoleons, 
as  the  remainder  of  the  money  for  bringing  us  here  arid  for  allowing  us  to 
encamp  at  Kerak.  We  of  course  refused  to  pay  any  thing,  and  told  him  that, 
although  he  had  extorted  25  napoleons  from  us,  he  had  no  right  to  act  in  this 
hostile  manner,  Seeing  that  wo  were  determined  not  to  be  bullied  out  of 
any  more  money,  he  forbade  us  to  leave  our  tents,  and  we  thus  became  pri- 
soners. In  this  plight  we  were  visited  by  the  Greek  catechist,  whom  Mr. 
Klein  knew.  He  procured  us  a  messenger,  whom  we  secretly  despatched  to 
Jerusalem  with  a  letter  to  Mr.  Moore,  the  British  Consul,  informing  him  that 
we  were  prisoners  and  that  (500  napoleons  were  demanded  of  us. 

As  it  was  Saturday  wo  made  up  our  minds  to  a  quiet  rest  in  our  tents  for 
two  days,  which  wo  did  not  grudge,  as  we  were  tired  and  wearied  out  with 
annoyance  from  the  Kerak  vagabonds.  In  the  midst  of  our  gloom,  however, 
a  ray  of  light  appeared.  We  heard  that  Zadam,  son  of  the  Sheikh  of  the 
Hone  Sachar,  with  whom  Mr,  Moore  the  consul  had  made  a  contract  at  Jeru- 
salem to  take  us  from  Kerak  to  the  north  of  the  Arnon,  had  arrived  here,  and 
was  the  guest  of  the  Mugelly. 

The  old  Sheikh,  the  father  of  the  Mugelly  who  had  plundered  us  on  our 
way  from  the  Supliia,  we  had  not  seen  as  yet.  Wo  were  told  that  he  camped 
three  hours  from  Kerak,  that  he  was  a  better  man  than  his  rascally  offspring, 
and  that  though  "his  belly,  too,  was  as  large  as  our  tent,  his  mind  was  ats 
wide  as  the  ocean."  We  therefore  sent  a  messenger  to  our  future  protector 
and  guide  /adarn,  requesting  him  to  come  to  our  tents.  At  about  1^  A.M. 
the  old  Sheikh  of  the  Mugeliy,  with  Zadarn  of  the  Uene  Sachar,  and  a  host 
of  Moabite  grandees  came  to  pay  us  a  visit.  To  this  old  Mugelly  Sheikh. 
in  conclave  we  recited  our  troubles,  lie  at  once  set  us  at  liberty,  and 
told  us  we  were  perfectly  five  to  go  A\!HTO  wo  liked,  that  his  country 
was  our  country,  and  no  man  should  dare  to  touch  us  or  make  any  demand 
of  us. 

Our  joy  was  now  boyoiul  bounds.  Wo  woro  not  only  sot  at  liberty  without 
money  and  without  pnco,  but  wo  wore  told  wo  might  go  wherever  and  do 
whatever  wo  liked.  To  our  further  satisfaction  wo  saw  the  old  Sheikh  taking 
his  seat  on  the  ground  union*;  his  magnates,  fifty  ymls  from  our  tents,  with 
his  son  opposito  him  in  tho  ring,  and  hoard  him  rating  the  scoundrel  as  hard 
and  as  loud  as  possible,  tolling  him  that  lie  had  brought  sluuno  and  confusion 
of  face  upon  his  old  father  in  tin*  sight  of  those  ( Wsvfa  (which  is  tho  name 
they  give  to  distinguished  foreigners),  and  doi  landing  that  tho  -•")  napoleons 
taken  from  us  should  at  once  be- restoml.  We  oven  hoard  that  tho  money 
which  had  boon  divided  between  tin*  thief  robber  and  about  a  do/on  minor 
scoundrels  was  actually  being  collected.  Heing  thus  set  at  liberty,  we  devoted 
tho  rest  of  Saturday  and  tho  following  day  to  tho  exploration  of  this  stupen- 
dous ruin  and  tho  (own.  The  following  is  a  summary  of  tho  results: — 

Tho  very  entramv  into  this  e\t  aordinary  ruin  of  Korak,  or  tho  "•  Hook  of 
the  Desert"  (l\tnt  Dcmrti},  as  it  was  called  in  the  middle  ages,  is  romurk- 
ahlo.  It  consists  of  a,  long  ;m<l  winding  pa.  sago  of  about  Ion  toot  through  a 
high  ridge  of  tho  natural  roik,  which  forms  a  cavern  gnto.  It  is  in  such  a 
zigzag  that  we  could  not  see  those  of  our  party  ^ho  woro iil toon  yards  bcforo 
us.  It  is  surmounted  by  an  illegible  Arabic  inscription.  Looking  at  it  from 
tho  summit  of  the  neighbouring  mountains  which  overtop  it,  Korak  exhibits 
tho  form  of  a  rude  triangle;  whilst  from  the  bottom  of  tho  ravine  it  appears 
like  a  vulture's  nest,  constructed  on  a  peak  more  than  4000  feet  above  tho 
Dead  Sea. 
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To  understand  the  plan  *  of  this  fortification,  it  is  necessary  to  bear  in 
mind  that  the  hill,  the  summit  of  which  contains  Jverak,  rises  on  three  sides 
from  a  deep  valley,  thus  yielding  natural  buttresses,  which,  from  their  im- 
mense height  and  perpendicular  form,  defy  any  attempt  at  scaling  them.  It 
is  only  the  north-west  and  south  sides  which  are  joined  to  the  neighbouring 
mountains  by  crests  of  rocks;  these,  therefore,  require  artificial  protection, 
and  it  is  for  this  reason  that  the  fortification  consists  of  two  distinct  parts, 
viz.  the  tower  on  the  north-west  and  the  castle  on  the  south. 

The  tower  is  a  large  oblong  building  of  immense  height,  constructed  of 
very  huge  and  neatly  cut  sandstone.  Yiewing  it  from  the  town,  it  looks  like 
three  out  of  four  skeleton  walls  of  an  unfinished  edifice,  being  open  towards 
the  defile.  It  is  furnished  with  galleries  and  staircases  inside  the  thickness  of 
its  walls,  putting  the  different  stories  of  which  it  consists  in  communication 
with  each  other.  It  presents  its  three  faces  (the  circumference  of  which 
measures  about  131  yards)  to  the  defence  of  the  exterior,  and  is  joined  by 
its  two  extremities  to  the  town  which  it  was  designed  to  defend.  The  stones 
of  which,  it  is  built  have  been  cut  from  the  side  of  the  rock  on  which  it  is 
erected.  By  this  process  the  north-western  side  has  not  only  been  separated 
from  its  adjoining  mountains,  but  the  tower  has  obtained  a  very  steep  but- 
tress. From  the  Arabic  inscription  Kl  Melck — Daher — jBybars  in  the  central 
wall,  it  is  called  "  The  Tower  of  Duller,''  or  "  The  Tower  of  Eybars."  It  was 
within  this  three-walled  tower  that  we  camped,  and  were  imprisoned  in  our 
tents.  We  saw  Jerusalem  most  distinctly  from  the  top  of  this  tower.  The 
castle  or  fortress  on  the  south,  which  was  designed  to  defend  this  side,  left 
by  nature  unprotected,  is  in  form  a  long  square,  widening  towards  the  north, 
the  north  face  being  about  153  yards,  the  south  87,  the  east  218,  and  the 
west  240,  thus  making  a  circumference  of  about  098  yards.  It  is  separated 
from  the  city  on  the  north  by  a  wide  ditch,  and  is  defended  on  the  south  by 
an  immense  reservoir,  which  is  flanked  by  an  enormous  ditch,  more  than 
08  feet  wide,  cut  in  the  rock.  A  rampart,  with  galleries  stretching  across 
the  length  of  the  enclosure  of  the  castle,  divides  it  into  two  courts,  viz.  a 
lower  court  towards  the  cast,  and  a  higher  court  towards  the  west. 

In  the  eastern  or  lower  court  is  a  chapel,  vuth  nave  of  S2  feet  long,  four 
windows,  two  in  each  side,  and  ending  in  a  semicircular  arch.  There  is  a 
staircase  in  the  thickness  of  the  north  wall,  which  loads  to  the  platform  on 
the  top  of  the  edifice.  Irby  and  Mangles  have  noticed  remains  of  large  fresco- 
paintings,  one  apparently  representing  a  king  in  armour,  another  the  mar- 
tyrdom of  a  saint  who  has  his  bowels  twisted  out,  as  well  as  an  imperfect 
inscription  in  Gothic  letters  (p.  3<>4).  JJut  with  the  exception  of  the  inscrip- 
tion nothing  is  now  to  be  seen.  This  court  also  contains  the  dungeon. 

In  the  angle  of  the  western  extremity  of  the  higher  court  is  the  gate  of 
the  castle,  which  leads,  through  a  long  and  narrow  passage,  to  two  other 
doors  furnished  with  portcullis  and  complicated  defences.  These  had  to  be 
passed  before  entrance  conld  be  obtained  into  the  enclosure.  The  court  con- 
tains numerous  cisterns  and  immense  magazines  of  five  or  six  stories  high, 
which  are  now  partly  dilapidated.  This  castle  was  built  about  A.D.  1143 
by  Payen,  who  was  cup-bearer  to  the  King  of  Jerusalem,  and  who  received 
Kerak  as  a  fief  after  the  execution  of  Knight  Eomanus. 

*  For  a  sketch  of  the  plan  of  Kerak,  as  well  as  for  an  able  treatise  and  sonic  verbal  com- 
munications on  the  same  subject,  according  to  which  I  have  been  enabled  to  correct  and 
supplement  rny  rough  notes,  I  tender  my  best  thanks  to  M.  Maviss,  the  learned  architect 
of  the  Due  de  Luyne's  expedition  to  the  east  of  the  Dead  Sea.  For  the  working  out  of  the 
plan  which  was  exhibited  I  am  indebted  to  my  wife.— -C,  D,  GIN#BITKG. 
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Between  the  Tower  of  Bybars  on  the  north  end  and  the  castle  on  the  south, 
there  arc  ruins  of  numerous  buildings  as  well  as  an  immense  reservoir. 

The  plateau  on  which  the  town  is  built  measures  in  its  greatest  length 
from  north  to  south  852  yards,  and  in  width  from  east  to  west  770  yards. 
Taking  it  as  a  rude  triangle,  the  north-east  face  of  the  rampart  measures 
about  1 02S  yards,  the  south  face  8(>H  yards,  and  the  west  face  7^2,  making 
a  total  of  i£<)2S  virds.  In  other  words,  the  plateau  of  the  rock  on  which 
Kerak  is  built  is  not,  only  more  than  4000  fret  above  the  Dead  Sea,  but  is 
surrounded  by  u,  rampart  more  than  a  mile  and  a  half  in  circumference,  ex- 
clusive of  the  tower  on  the  north  and  tho  castle  on  the  south, 

Hut  though  the  fortifications  are  of  the  crusading  period,  some  of  the  ruins 
in  the  town,  and  of  tho  materials  used  in  the  constitution  of  the  modern 
dwellings,  are  decidedly  relics  of  the  Roman  occupation  of  this  place.  These 
houses,  which  are  some  distance  from  the  fortifications,  are,  as  a  rule,  under 
the  ground.  They  exhibit,  a  very  extraordinary  appearance  at  a  distance, 
since  little  nioro  llrm  the  outlines  of  squares  are  visible  above  the  ground. 
Dr.  (linsburg  rode  over  several  of  them  without  porcehiug  that  he  was  on 
tho  to]>  of  human  residences.  On  goinu:  or  descending  into  one  of  them,  he 
found  it  consisted  of  out*  largo  room  only,  and  had  a  few  arches  thrown  across 
it,  on  which  were  the  rafters.  In  this  house,  which  was  occupied  by  a  rela- 
tive of  the  Sheikh  of  Kerak,  were  the  bases  of  four  ancient  columns,  with  a 
.Mosaic  pavement  in  the  centre,  of  which  the  occupant  made  a  circular  hearth, 
with  a  raised  rim  around  it.  A  fire  was  burning  on  it ;  and  a>  there  was  no 
hole  in  the  roof  to  serve  as  a  vent,  the  whole  room  was  full  of  smoke,  so  much 
so  that  ho  could  not  remain  there  more  than  a  few  minutes,  much  as  ho 
wished  to  examine  the  place.  There  W»TC  also  raised  recesses  in  the  room, 
serving  as  a  bed  and  as  receptacles  for  corn.  Part  of  the  room  also  was  set 
apart  for  the  horse,  and  the  goats  too  wen1  admitted.  There  is  not  a  single 
dwelling-place  among  the  hundreds  of  houses  with  a  window. 

The  population  of  Kerak  is  about  SOOO,  about  (>0()0  Mussulmans  and  1000 
(Jroek  Christians.  The  ioimer  count  about  2000  muskets,  and  the  latter 
from  about  r>00  to  (>00.  After  a  minute  inspection  and  examination  of  the 
ruins  of  the  place.  Dr.  (Jinsburg  could  discover  no  trace  whatever  to  justify 
us  in  marking  Kerak  on  our  maps  as  the  Kir  Moab  or  tho  Kir  Harascth  of 
the  Ih'ble. 

AVe  were  now  determined  to  make  the  best  of  our  time ;  and  hfuing  hcaicl 
that  the  Sheikh  of  the  Musrelly,  who  appeared  as  our  second  deliverer,  was 
likely  to  disappoint  us,  we  endeavoured  to  see  as  much  as  possible.  AVc 
therefore  started  eaily  on  the  following  day  accompanied  by  two  horsemen, 
nephews  of  the  Sheikh,  to  survey  the  neighbourhood  of  Kerak.  "We  rode  to 
the  south  of  the  town  over  magnificent  ridges,  doun  rugged  and  steep  ravines, 
and  across  beautiful  highland  country  from  8  \.w.  to  *">.^0  P. AT. 

\Ve  first  came  to  the  place?  called  (Jolamt-h  el  Sapela,  from  which  Ibrahim 
Pasha  bombarded  the  town. 

Ati).lf>,  still  travelling  S.S.K,  we  reached  the  first  ruin  of  Kirjathaim, 
which  is  on  a  hill.  The  stones  which  nunk  the  basis  of  the  walls  arc  now 
in  a  different  position  from  what  they  oiiginally  were,  and  distinctly  show 
that  the  traces  of  the  buildings  which  they  indicate  are  of  a  much  later  date, 
probably  of  the  crusading  period.  As  the  summit  of  the  hill  is  only  about 
1000  yards  in  circumference,  and  as  the  ruins  on  the  slope  around  do  not 
extend  very  far  down,  the  town  must  originally  have  been  small.  Still  tho 
immense  stones  which  are  strewn  about  in  all  directions,  and  the  extensive 
caves  on  the  ridges,  show  that  it  was  iu  olden  days  a  very  strong  and  im- 
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portant  place.  There  are  terraces  running  down  at  regular  intervals  to  the 
bottom  of  the  hill. 

At  9.20  we  roachod  the  slater  hill,  on  which  the  second  part  of  Kirjathaim 
stood.  Its  ruins  are  almost  exactly  like  those  on  the  other  hill.  And  as  the 
terraces  here  like  those  there  descend  all  around,  the  rings  of  which  they 
consist,  as  a  matter  of  course,  becoming  wider  and  wider  as  they 
near  the  bottom,  tlio  last  terraces  of  the  two  hills  meet  at  the  foot,  and  so 
connect  the  two  parts  of  the  town.  For  this  reason  the  plsico  was  called 
Kirjathaim  =  "  the  doable-towned."  In  each  part  we  saw  a  deep  well,  with 
thoroughly  cemented  walls,  capable  of  holding  a  very  largo  quantity  of  water. 
As  the  crow  Hies,  Kirjathaim  does  not  seem  more  than  ten  minutes  from 
Kerak. 

At  9.30  we  left  Kirjathaim,  and  in  less  than  ten  minutes  we  reached  a 
place  called  Kirbaih  ^ulot,  and  in  about  a  quarter  of  an  hour  after  (9.45)  we 
came  to  Kirbath  Aziza.  Here  we  found  an  old  wine-press  cut  in  the  rock, 
and  on  the  other  side  of  the  ruin  we  saw  an  enormous  well.  A  very  little 
further  on  we  came  to  Kirbath  Nukacl,  and  at  10.10  to  Chorba  Chaviya.  We 
then  reached  (at  10.40)  a  tremendous  natural  cavern,  called  (Java,  und  got  to 
Mochra  at  10.53.  This  is  a  very  extensive  ruin,  and  has  some  remarkable 
cisterns,  caverns,  and  other  remains  of  former  glory  rarely  seen  in  other 
places.  The  most  interesting  part  of  this  place,  however,  is  in  its  bearing  on 
the  history  or  geography  of  Moab  as  recently  disclosed  on  the  Moabite  Stone, 
inasmuch  as  it  supplies  one  of  the  two  missing  places  mentioned  on  this 
Triumphal  Pillar.  l"n  lines  lit  and  14  of  the  inscription,  Mesh  a,  king  of 
Moab,  tells  us  that  after  capturing  Ataroth  and  slaying  its  inhabitants,  "  the 
men  of  Gad  who  dwelled  in  it  from  time  of  yore,'1  he  repeopled  the  place 
with  "the  men  of  Moohralh."  The  context  plainly  shows  that  these  men 
must  have  been  faithful  subjects  upon  whom  the  king  could  rely,  and  that 
hence  their  dwelling-place  was  youth  of  tho  Arnon  ;  but  as  far  as  our  know- 
ledge goes,  no  such  place  has  hitherto  been  ideiitiiied.  There  can  therefore 
bo  hardly  any  doubt  that  this  is  the  pi  nee. 

"Within  five  minutes  of  the  above  ruin  ( IO.;17)  we  came  to  a  place  in  ruins 
called  Gel-gul.  After  an  hour  and  a  quarter  (I ^.7)  we  reached  Mode,  where 
we  saw  a  "Roman,  mile-stone.  The  inscription  was  so  defaced  that  we  could 
not  decipher  in  which  reign  it  was  set  up.  At  l.lio  we  passed  tho  \Vady 
Mcdin.  On  onr  way  back  we  examined  the  ruin  Chorbath  Theniuh,  which 
is  close  to  Kerak.  It  is  an  extensive  ruin,  and  it  is  rather  remarkable  that 
so  largo  a  fortification  and  town  should  have  been  erected  so  near  the  for- 
midable forts  of  Kerak. 

It  was  well  that  we  had  made  use  of  our  liberty  thus  to  examine  the 
neighbouring  country ;  lor  on  our  return  we  found  the  old  Sheikh  with  his 
retinue  of  sons,  cousins,  nephews,  brothers,  and  officials  sitting  in  council 
around  and  within  our  t<  nt.  IFo  heard  that  we  were  to  leave  Kerak  soon  ;  and 
as  he  wanted  a  pretext  to  plunder  us,  he  told  ns  he  had  been  informed  that  we 
had  sent  a  messenger  to  Jerusalem  to  report  his  son's  conduct.  Tho  f;ict  is 
that  the  Greek  prk'st,  who  for  sonic  reason  or  other  expected  money  from  us, 
and  of  course  was  disappointed,  got  to  know  that  his  catechist  had  secretly  pro- 
cured us  a  messenger,  and  reported  to  the  MugolJy  Sheikh  that  we  had  sent,  a 
letter  to  Jerusalem.  What  harm  this  could  have  done  to  the  old  Sheikh  was 
a  mystery,  since  he  pretended  to  repudiate  his  son's  robbery.  The  motive, 
however,  was  apparent.  In  spite  of  all  his  cunning  devices  to  conceal  it,  wo 
saw  perfectly  well  that  he  wanted  to  extort  money  from  us,  and  that  he  must 
do  it  at  once.  This  pretended  deliverer  of  ours  therefore  suddenly  changed 
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into  an  insulted  enemy.  Ho  declared  in  the  midst  of  his  people  in  our  face, 
that  he  cared  neither  for  the  Governor  of  Nabulus  nor  for  the  Pashas  of  all 
the  East,  nor  for  the  Consuls  at  Jerusalem,  and  that  he  was  determined  to 
send  us  back  to  the  Saphia  to  the  robbers,  from  whom  he  now  said  his  son 
had  delivered  us.  The  young  Mugelly  hud  therefore  no  more  made  his  face 
black  by  his  conduct  to  us  at  the  Drah  as  the  old  rascal  declared  before,  but 
rendered  us  unspeakable  service  by  saving  our  property  and  our  lives. 

This  was  now  the  story  oftho  old  Mugelly  Sheikh,  and  to  this  we  had  to 
address  ourselves.  Our  feelings  may  easily  be  imagined  when  we  found  our 
professed  friend  suddenly  changed  into  as  great  u  robber  as  his  son.  Tho 
Bene  Sachnr  chief  who  came  to  Kerak  to  letch  us  told  us  that  it  all  meant 
money,  and  that  we  must  make  up  our  minds  to  submit  to  another  extortion. 
Tho  question  was  therefore  discussed  what  would  satisfy  the  old  vagabond. 
We  decided  to  give  him  twenty  napoleons  and  bis  brother  five  napoleons,  and 
with  this  he  was  satisfied. 

With  feelings  of  great  relief  we  left  the  old  ruined  castle,  congratulating 
ourselves  that  we  had  tit  last  actually  escaped  from  this  fiery  furnace.  Hut 
we  had  not  gone  more  than  .'100  yards  when  a  very  violent  rain  commenced, 
accompanied  by  a  terrific  hailstorm.  The  horses  refused  to  proceed,  and  we 
had  to  return  to  take  shelter  behind  the  walls  of  the  Greek  church.  In  a 
few  minnto,s  we  were  wet  to  the  skin,  and  it  Deemed  that  e\en  the  elements 
conspired  against  us  to  keep  us  at  Keralc. 

After  waiting  for  an  hour  and  a  hall1  behind  the  walls  and  among  tho 
tombs  in  this  drenching  flood,  we  made  a  fresh  start  at  lii.UO.  The  anxiety 
of  tho  muleteers  to  get  away  was  so  great  that  they  would  not  allow  the, 
storm  to  stop  them,  and  had  gone  on  without  us.  Our  joy  in  leaving,  which 
was  now  brightened  by  a  httlo  sunshine,  made  us  forget  that  we  had  tre- 
mendous ravines  to  descend  and  precipitous  heights  to  climb  of  thousands  of 
feet.  It  was  only  when  we  weiv  actually  facing  these  giddy  heights  and 
depths  that  \\o  began  to  think  how  their  natural  difficulties  were  now  en- 
hanced by  the  heavy  rain.  However,  we  got  through  without  any  further 
accident  than  some  of  tho  mules  falling  down  and  upsetting  tho  luggage, 
which  created  a  Jt.ibel  of  swearing  and  such  an  incessant  shouting  and  cla- 
mouring ainong.-t  the  Arabs  as  only  those  can  realize  who  have  ever  had  the 
misfortune  to  hear  it. 

On  our  way  to  Kabba,  after  ascending  the  next  height,  we  passed  along  a 
beautiful  highland,  which  might  be  made  exceedingly  fertile  by  a  little  cul- 
tivation ;  but  the.se  Bedouins  prefer  plunder  to  work,  and^  only  sow  that 
which  they  absolutely  require  for  themselves  and  <  attlo.  Tho  \\  hole  journey 
from  Kerak  to  Uabba  took  us  three  hours  and  a  half.  We  passed  through 
C'horbath  Uakin,  a  small  ruin  about  an  hour  from  Iverak,  llelher.  and  Mm- 
ehar.  Whalever  these  places  may  have  been  in  olden  days,  at  present  only 
large  scattered  stones  and  the  bases  of  walls  remain  to  show  that  at  all  events 
some  of  the  buildings  AUTC  strong  and  capable  of  defence.  At  four  o'clock 
in  the  afternoon  we  reached  Hal'ha. 

This  is  supposed  to  be  Ar,  the  ancient  capital  of  AIo:ib  (Dent.  ii.  i),  L'tt). 
\Ve  camped  on  tho  site  of  an  ancient  pool,  about  f>0  by  (>0  yards,  and  about 
1M  feet  deep.  There  were  three  large  caverns  in  the  walls,  which  were  a 
godsend  to  us ;  for  it  was  pouring  rain  on  onr  arrival  here,  and  these  caves 
afforded  shelter  to  us  and  our  horses  whilst  the  tents  were  being  pitched. 

Between  onr  camp  and  the  ruins  of  Kabba  there  was  about  a  quarter  of  a 
mile,  and  there  wcro  fwo  more  pools  from  which  tho  ancient  city  derived  its 
chief  water-supply.  As  tho  rain  continued  we  could  not  do  more  than  inspect 
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the  ruins  before  nightfall ;  but  early  in  the  morning  Dr.  Giusburg  and  Mr. 
Klein  went  to  examine  them  more  closely.  Unlike  Kenik,  Kirjathaim,  and 
other  ancient  places,  the  ruins  of  Itabbu,  which  are  about  a  mile  and  a  half 
or  two  miles  in  circumference,  are  situated  almost  on  a  level,  with  the  ex- 
ception of  one  part,  which  is  on  a  very  low  hill.  On  the  northern  side  are 
the  remains  of  an  old  temple,  with  several  columns  still  standing.  There  are 
011  all  bides  caverns,  large  and  small,  cisterns  of  various  dimensions,  and  wells 
of  all  sorts,  which  show  that  the  place  in  its  entirety  must  have  been  of  great 
importance.  There  are,  moreover,  scattered  among  the  ruins,  large  blocks 
of  basalt,  which  arc  hewn  into  smooth  stones  for  use,  and  which  arc  evidently 
of  much  older  date  than  the  bulk  of  the  ruins. 

It  was  here  they  saw  a  basalt  slab,  of  almost  exactly  the  same  dimensions 
as  the  celebrated  Moabito  Stone,  which  had  evidently  been  prepared  for  an 
inscription,  but  which,  for  some  reason,  had  been  left  unin.scribed.  Several 
others  of  smaller  size  were  also  seen,  which,  from  their  slnbby  appearance, 
were  apparently  intended  for  tablets.  These  ancient  relies  afford  every  op- 
portunity to  the  dealers  in  Moab  and  Jerusalem,  whose  cupidity  has  been  roused 
by  the  discovery  of  the  Moabite  Stone,  to  supply  the  demands  of  the  market. 

The  impression  that  was  formed  of  the  ruins  of  Kabbu  is,  that  though  there 
are  among  them  many  vestiges  of  the  .Roman  period,  such  as  pillars,  cisterns, 
extensive  roads,  &c.,  there  arc  very  few  relics  of  an  older  date.  To  examine 
llabba  thoroughly,  as  it  ought  to  be  done,  one  should  remain  on  the  spot,  and 
work  quietly  for  at  least  a  week,  turn  up  all  the  important  stones,  and  in- 
vestigate and  measure  all  the  various  pools,  cisterns,  and  caverns.  This, 
however,  we  could  not  do.  l>ut  after  a  close  examination  of  the  place  and 
its  surroundings,  they  came  to  the  conclusion  that  JUabha  is  not  the  ancient 
Ar,  the  antiquated  form  of  III,  or  All  Moab,  as  it  is  stated  on  the  most 
recent  maps.  llabba  is  almost  in  the  centre  of  Southern  -Moab,  whilst  the 
Scripture  Ar  Moab  was  on  the  confines  of  the  Arnon,  and  marked  the  ex- 
treme northern  limit  of  the  trans- Arnonic  Moab,  Yahab  in  the  Saphia  de- 
fining the  southern  frontier  (comp.  JJout.  ii.  «J(i ;  Joshua  xiii.  1(5;  Numb, 
xxii.  30,  and  ibid .  xxi.  1»J  and  14).  The  Greek  name  Areopolis  was  fh\st 
given  to  the  ancient  Ar  Moab  on  the  Arnon,  and  afterwards,  when  Ar  Moab 
was  destroyed  by  an  earthquake  (comp.  St.  Jerome  on  Isaiah  xv.),  it  was 
transferred  to  the  modern  llabba. 

We  left  llabba  at  S.itf  (Feb.  loth)  on  Thursday.  At  5).UO,  tnuolling 
N.N.E.,  we  came  to  a  place  called  Ka.sr  llabba  ( /.  e.  the  Palace  of  llabba). 
The  ruins  here,  though  small,  are  exceedingly  massive.  The  stones  of  which 
the  palace  was  built  are  enormously  large ;  they  are  bevelled,  and  somewhat 
resemble  those  of  the  old  wailing-plaee  at  Jerusalem.  The  bases  and  cor- 
nices of  columns  which  lie  about  on  the  ground  measure  4  feet  8  inches  in 
diameter.  The  fact  that  in  many  parts  of  the  shattered  walls  the  bevelled 
part  of  the  stones  was  turned  the  wrong  way,  shows  that  the  buildings  have 
been  shaken  by  a  violent  earthquake. 

In  leaving  Kasr  llabba  at  9.55  we  saw,  at  a  distance  to  the  left,  ruins  on 
a  hill,  which  arc  called  Shichan.  On  the  greater  part  of  the  way  to  these 
ruins,  the  old  Roman  road  is  still  most  distinctly  traceable.  Whilst  some  of 
our  party  were  marching  with  the  mules  to  the  Arnon,  we  galloped  to  Shi- 
chan, which  we  reached  at  11.20,  It  is  4700  feet  above  the  Dead  Sea,  and 
has  a  very  remarkable  cistern  on  its  summit.  The  distance  between  Kasr 
llabba  and  Shichan  is  about  8  miles.  In  descending  the  summit  we  found 
ourselves  for  at  least  a  mile  and  a  half  on  regular  terraces,  which  had  evi- 
dently been  most  carefully  cultivated  in  olden  days.; 
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On  leaving  this  place  at  11.35,  and  marching  to  the  Arnon,  the  change  of 
the  soil  was  extraordinarily  sudden.  From  the  fertile  ground  around  these 
ruins  we  all  at  once  came  upon  a  most  dreary  wilderness,  which  was  only 
relieved  by  tremendous  holes  in  the  ground,  and  by  dried-up  and  stunted 
bushes.  It  was  not  till  we  came  close  to  the  verge  of  the  Arnon  that  signs 
of  fertility  began  to  show  themselves.  We  reached  this  awful  ravine  at 
1.55  P.M. 

The  southern  side,  though  not  as  perpendicular  and  as  grand  as  the  descent 
at  Engcdi,  is  exceedingly  stoop,  being  2150  loot  deep.  It  took  us  fully  an 
hour  and  a  half  before  we  reached  the  stream  at  the  bottom  at  tf.i30.  All 
the  way  down  the  traces  of  the  old  Koman  road  and  unfinished  Roman  mile- 
stones are  to  be  noticed.  The  stream  is  narrow  and  rapid,  and  to  the  right 
of  the  descent  are  still  to  be  soon  the  ruins  of  two  arches  of  the  bridge,  which, 
however,  in  its  present  form,  is  not  older  than  the  time  of  the  Crusades. 

The  cliff  at  the  northern  ascent  is  1J)00  feet  high.  As  the  road  extends 
over  a  wider  ground,  it  is  on  the  whole  not  so  steep.  It  took,  however,  quite 
as  long  a  time  to  ascend  it  as  the  descent  on  the  southern  side  occupied. 

Here,  where  the  maps  put  the  ancient  Aroor,  Dr.  fiinsburg  and  Mr.  Klein 
left  Dr.  Tristram  and  his  friends.  A  messenger  had  arrived  from  Jerusalem 
with  the  sad  tidings  of  the  dangerous  illness  of  Mr.  Klein's  oldest  child,  lie 
at  once  decided  to  return  to  Jerusalem, -\\hich  was  pei feet ly  natural.  Mr. 
Klein  was  the  only  one  who  could  talk  with  the  Arabs,  and  we  Mere  almost 
entirely  dependent  upon  him  for  the  information  from  the  Hedouins.  The 
Arabs  pronounce  the  same  word  differently :  and  apart  from  a  thorough 
knowledge  of  the  language  in  all  its  various  provincialisms,  it  requires  great 
tact  to  obtain  the  necessary  information  from  them.  Mr.  Klein,  with  his 
complete  mastery  of  the  language,  and  especially  his  intimate  acquaintance 
with  the  ways,  manners,  and  customs  of  the  Arabs,  not  only  knows  how  to 
get  information  out  of  them  (a  tact  which  he  acquired  by  twenty  years'  resi- 
dence among  and  intercourse  with  them),  but,  above  all,  he  understands  how 
to  test  the  correctness  of  the  information  by  a  series  of  direct  and  indirect 
cross-questioning,  which  is  quite  an  Eastern  art.  As  it  appeared  to  Dr. 
(xinsburg  that  Mr.  Klein  was  thus  an  essential  member  of  the  expedition,  he 
determined  to  return  with  him. 

Dr.  (jinsburg  continues  : — 

AVe  left  the  Arnon  at  7.^0  V.M..  February  Irlth  ;  travelling  due  north, 
almost  nil  the  way  on  the  remains  of  the  old  Roman  road,  and  passing  the 
imaginary  site  of  the  B'blioal  Aroor,  wo  came  to  the*  inins  which  go  by  the 
name  Diban  :it  8  V.M.,  i.e.  in  about  halt'  an  hour.  From  the  fu-t  that  the 
famous  Moabite  Stone  was  discovered  here,  1  devoted  some  time  to  the  ex- 
amination of  the  place.  The  whole  of  this  once  celebrated  stronghold  is  in 
ruins;  there  is  not  a  single  hut  to  bo  found  on  the  spot.  The  circumference 
of  the  ground  on  which  the  ruins  lie  prostrate  is  at  least  a  mile  and  a  half. 
Like  Kirjathaim  in  the  south  of  the  Arnon,  this  town  was  originally  built  on 
two  hills,  the  sloping  terraces  of  which  joined  at  the  bottom;  and  by  this 
means  the  place,  which  looked  at  a  distance  like4  two  distinct  cities  at  the 
top,  was  joined  into  one  at  the  bottom.  Notwithstanding  its  undoubted  ago, 
few  traces  of  antiquity  are  to  be  seen  among  the  shattered  ruins  of  the  walls. 

The  old  stones  have  evidently  been  used  up  for  later  buildings;  and  it 
would  require  a  sojourn  in  the  place  for  at  least  a  fortnight  carefully  to  turn 
up  the  foundations  and  the  heaps  of  ruins  to  ascertain  whether  some  other 
valuable  relies  are  to  be  discovered  here. 

From  a  careful  inspection  of  the  place  in  connexion  with  the  ruins  not  far 
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off,  I  am  convinced  that  it  is  not  the  site  of  the  ancient  Dibon,  but  of  Korcha. 
My  reasons  for  this  conclusion  are  as  follows : — i.  In  all  the  eight  passages 
of  the  Bible  wherein  the  name  Dibon  occurs  (Numb.  xxi.  30 ;  xxxii.  3,  34 ; 
Josh.  xiii.  9,  17;  Isa.  xv.  2;  Jer.  xlviii.  18,  22),  no  data  are  given  to  fix  its 
exact  site.  The  christening,  therefore,  of  these  ruins  by  the  name  Dibaii,  on 
the  part  of  the  Arabs,  like  the  naming  of  many  other  localities,  has  been 
suggested  by  Biblical  explorers,  ii.  The  Moabite  triumphal  pillar  which  was 
found  here  gives  us  the  direct  information  that  Mesha  erected  it  at  Korcha, 
a  city  which  this  monarch  built.  As  no  one  who  will  examine  the  enor- 
mously heavy  fragment's  of  this  huge  block  of  basalt,  with  its  delicate  inscrip- 
tion, will  suppose  that  it  has  been  brought  here  intact  from  another  place 
without  the  inscribed  letters  being  injured,  the  spot  where  it  was  found  must 
be  the  site  of  its  original  erection.  And,  iii.,  between  this  place  and  the 
stream  Valch,  an  hour's  distance,  there  are  several  old  ruins,  the  names  of 
which  our  Bedouin  guide  could  not  tell.  One  of  these  is  most  probably 
Dibon. 

After  a  careful  investigation  of  this  ancient  site,  we  left  to  cross  the  north- 
Arnonic  portion  of  Moab.  Our  route  was  now  to  have  been  over  the  upland. 
Going  in  a  north-westerly  direction,  we  passed  several  rums,  and  crossed  tho 
stream  Valeh,  about  an  hour  from  what  is  called  Dibon.  .From  this  place, 
instead  of  pursuing  the  usual  course,  due  north  over  the  highland,  our  Hedouin 
took  us  westward,  right  over  the  range  of  mountains  to  Mayin,  or  what  is  sup- 
posed to  be  Cullirrhoe.  In  this  charming  valley,  to  the  hot  springs  of  which 
Herod  the  Great  resorted  during  his  last  illness,  we  pitched  our  tents  close  to 
the  encampment  of  the  Awazini  tribe,  to  whose  protect  ion  we  were  recom- 
mended by  Abou  Zudam  of  the  Bcne  Sachar. 

ISarly  in  the  morning,  February  17th,  we  left  for  the  Jordan,  escorted  by 
Abou  Wardy,  the  Sheikh  of  the  Awazim.  lie,  too,  led  us  across  tho  range 
of  mountains  instead  of  by  the  usual  upland  road.  Tho  most  remarkable  and 
significant  part  of  my  experience,  bearing  on  the  value  of  the  information 
obtained  from  tho  liedouins,  I  gained  on  this  part  of  my  journey.  In  looking 
at  a  map  of  Palestine,  it  will  be  seen  that  this  range  of  mountains  has  played 
a  most  important  part  in  the  history  of  tho  Jews.  From  those  heights  Balak 
king  of  Moab,  and  Balaam  the  prophet  of  Haal,  beheld  the  Israelites  en- 
camped on  the  Plains  of  Moab.  From  here  Mosos  tho  great  lawgiver  saw  the 
promised  land  :  here  hu  diod  and  was  buried.  Here  we  passed  across  tho 
very  spot  marked  on  the  maps  as  Pisgzih  and  Xebo. 

We  had  with  us,  from  the  Arnon  to  Mayin  or  Callirrhoo,  a  Bedouin  who 
was  a  native  of  Northern  Moab,  tho  whole  extent  of  which  is  only  about 
twenty  miles  in  length  and  as  many  in  width.  The  fact  that  he  was  the 
only  companion  of  Zadam,  the  magnate  of  the  Bone  Sarhar,  and  that  with 
this  chief  he  was  to  be  our  guide  for  more  than  a  month,  sufficiently  shows 
that  he  was  no  ordinary  man  of  his  tribe.  From  Mayin  again  to  the 
Plains  of  Moab  and  the  Jordan  we  had  with  us  the  Sheikh  of  the  Awnzim 
himself,  who  was  not  only  born  and  brought  up  in  the  neighbourhood,  but 
is  the  chief  of  the  whole  district.  Yet  neither  the  second  in  command  of  tho 
Bene  Sachar  nor  oven  the  chief  himself  of  the  Awazim  could  tell  us  a  single 
name  of  gorge,  valley,  mountain,  or  ruin  between  Dibnn  and  the  Jordan. 

The  reason  of  it  is  simply  this.  Jri  Palestine,  which  has  been  visited  by 
pilgrims  ever  since  the  fourth  century,  who  eamo  in  search  of  tho  places 
wherein  the  events  connected  with  tho  life  of  our  Saviour  have  transpired, 
the  law  of  demand  and  supply  has  brought  to  the  surface  whole  regions 
which  would  otherwise  never  have  been  named.  Those  who  came  thousands 
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of  miles  under  the  greatest  privations  to  do  homage  in  the  birth-place  of  the 
Saviour,  on  tho  various  spots  where  the  greatest  of  his  miracles  were  per- 
formed, where  ho  suffered,  died,  and  was  buried,  were  determined  to  have 
tho  scenes.  Hence  tho  different  sections  of  the  Church,  inspired  by  pious 
devotion,  and  aided  by  the  cupidity  of  the  natives,  have  not  only  been  ablo 
to  discover  the  place  of  every  event,  but  to  secure  for  themselves  severally  a 
different  spot  where  the  same  event  was  enacted. 

The  case,  however,  is  different  in  Moab.  Here  110  events  connected  with 
tho  life  of  Christ  have  taken  place.  Hero  no  pilgrims  have  come  in  search 
of  sites.  Very  few  even  of  explorers  have  traversed  the  country.  Hence 
the  natives,  who  can  neither  read  nor  write,  and  who  arc  dependent  for 
information  upon  hearsay,  have  never  heard  from  outsiders  what  places  are 
wanted,  and  therefore  do  not  know  them,  and  cannot  supply  them. 


Geographical  Exploration  of  J/W>.     fit/  "Rev.  II.  B.  THISTRAM,  F.R.S. 

THE  expedition  for  the  exploration  of  the  country  of  Moab,  RO  liberally 
aided  by  the  grant  of  the  British  Association,  .set  out  from  Jerusalem  on  tho 
30th  of  January.  Our  party  was  reinforced  by  M"r.  K.  C.  Johnson,  who  proved 
himself  invaluable  both  as  a  suneyor  and  u  photographer;  Mr.  Jhrxton,  not 
less  eflicient  as  a  photographer  and  observer;  Mr.  Ilayne,  \\ho  devoted  him-, 
self  witli  great  success  to  the  botany  of  the  country;  Mr.  Mowbray  Trotter, 
to  whose  gun  wo  were  indebted  for  many  a  meal ;  and  the  Rev.  F.  A.  Klein, 
of  Jerusalem,  the  discoverer  of  the  Moabite  Stone,  who.se  thorough  knowledge 
of  Arabic  and  of  the  people  and  the  country  rendered  him  an  invaluable 
member  of  the  party,  till  suddenly  recalled  home  bj  a  melancholy  domestic 
affliction. 

We  determined  to  enter  the  country  from  the  south,  n*  being  the  most 
difficult  and  least  known  route,  our  course  being  by  Hebron,  Kngedi,  Mn.su da, 
or  Sebbeh,  Jebel  Usduni,  and  thence  across  the  Srbkha,  or  barren  sand-Hat, 
which  extends  for  several  miles  to  the  south  of  the  Dead  Sen.  This  wo  ac- 
complished with  a  guard  of  the  Jehaliu  tiibe  of  Arabs.  At  the  edge  of  the 
Sebkha  we  were  on  tho  frontier-line  of  ancient  Moab  and  Kiloin  ;  and  here 
wo  met  with  some,  little  ditliculty  from  a  robber  tribe,  the  Heui  Atiyeh.  with 
whom,  however,  after  a  faint  show  of  hostilities  and  a  few  random  shots,  we 
were  able  to  make  terms.  We  found  the  (Jhor  es  S.itieh,  which  we  were  ablo 
to  examine  at  leisure,  very  much  more  extensive  southward  and  eastward 
than  it  is  marked  in  the  maps.  It  is,  in  fact,  a  fertile  belt  scarcely  raised 
above  the  level  of  the  Dead  Sea,  1<»  miles  from  noith  to  south,  and  fed  by 
the  numerous  perennial  streams  and  springs  which  gush  from  the  lofty  sand- 
stone range  th:tt  forms  the  buttress  of  the  Hauls  Plateau  of  Moab.  On  tho 
heights  above  the  southern  extremity  are  the  Milages  of  Tutilch  and  Feifeh, 
on  the  banks  of  streams,  which  we  were  not  able  to  visit.  Our  exploration 
of  the  Satieh  was  carried  out  under  considerable  difficulty,  as  the  natives  were 
lawless,  and  we  could  only  move  with  an  escort  of  horsemen.  However,  we 
were  able  to  ascertain,  in  our  rides  with  our  guards  and  in  several  rambles 
on  foot,  that  there  are  no  remains  of  importance  in  the  oasis  itself.  The 
principal  ruins  are  of  some  extent,  indicating  a  well-built  tillage,  with 
several  fragments  of  columns  and  Itouum  work,  called  Xasr  el  Hushireh;  and 
a  little  higher  up  is  a  tolorably  perfect  water-mill,  and  a  Saracenic  gateway 
of  rather  rude  construction,  belonging  apparently  to  a  ruined  Khan  j  it  is 
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now  called  <f  Mushnekkr,"  or  "  the  gallows."  No  other  ruins  could  we  find. 
We  explored  on  foot  the  widest  part  of  the  Safieh  towards  the  Dead  Sea,  on 
the  edge  of  which  a  rank  vegetation  of  sedge  and  reed  takes  the  place  of  the 
dense  thickets  of  nubk  and  dom  tree  which  stud  the  cultivated  plain,  here 
about  four  miles  wide. 

Leaving  the  Safieh  we  proceeded  by  the  route  of  Irby  and  Mangles  to  Drua. 
The  day's  journey  led  us  through  every  conceivable  variety  of  vegetation  and 
non-vegetation.  Leaving  the  Nahr  el  Hassan,  the  great  eourcc  of  fertility  to 
the  Safieh,  we  passed  through  a  scrubby  plain,  rushes,  cancbrakes,  and  finally 
a  bare  salt  marsh,  without  a  scrap  of  vegetation  to  tho  sea,  and  a  gravelly 
shelving  slope,  with  scattered  gnarled  acacias  above  it;  near  its  commence- 
ment is  a  ruined  village,  Um  el  Hashib,  not  far  from  ihc  Wady  Grahhih. 
The  barren  plain  is  fringed  by  a  fetid  ditch,  well  named  Mir'whur,  or  "  stink- 
ing river,"  with  salt  and  offensively  smelling  liquid.  Having  crossed  the  salt 
plain,  we  came  to  tho  JSrahr  Hanyir  and  Nahr  Niiueirah,  salt  .streams.  At 
this  latter  are  the  mean  and  almost  obliterated  ruins  of  a  largo  place,  appa- 
rently unfortified,  and  usually  marked  in  the  maps  as  the  ancient  Rimrim  of 
Scripture.  This,  however,  we  have  reason  to  believe  is  incorrect,  as  tho 
position  is  defenceless  ;  and  we  were  told  of  ruins  higher  up  near  tho  sources 
of  the  stream  in  the  mountains,  which  still  bear  tho  name  of  "  tho  waters  of 
Nimeirah."  Near  them  is  another  Scripture  locality,  "  the  brook  of  the 
willows,"  which  is  given  to  the  head  of  the  next  stream  before  it  leaves  tho 
mountains. 

A  little  above  this  lower  Emnrim  we  visited  the  ruins  of  a  fort,  Khirbet  es 
Sheikh,  which  appears  to  have  been  nothing  more  than  a  watch-tower  to 
guard  the  road. 

After  crossing  the  Nahr  es  Asal,  or  Honey  lliver,  wo  began  to  ascend  the 
shoulder  of  the  Lisaii,  a  mass  of  barren  salt  marl,  without  a  trace  of  life,  past 
or  present,  and  in  a  few  hours  i cached  Draa,  generally  said  to  bo  the  an- 
cient Zoar,  after  crossing  the  Wady  Weydah,  in  which  the  palm-tree  is 
abundant. 

Draa,  though  the  seat  of  a  bishopric  in  the  time  of  Eusebius,  lias  left  no 
traces  beyond  lines  of  foundations  and  heaps  of  sandstone,  some  of  them 
squared  and  dressed.  But  the  deep  glen  on  the  crest  of  which  the  city  stood 
is  richly  wooded  with  palm,  oleander,  and  other  trees  ;  and  its  fertile  belt  can 
be  traced  by  the  eye  as  far  as  the  Mezraah,  a  wide,  scrubby,  tree-dotted  plain, 
opening  on  tho  bay  to  the  north  of  the  Lisan,  and  now  covered  with  the 
tents  of  the  Iteni  Atiych.  This  has  been  traversed  by  Messrs.  Palmer  and 
Drake. 

Prom  Draa  we  ascended  to  Kerak  by  the  route  so  well  described  by  Irby 
and  Mangles.  A  fort,  hitherto  unnoticed,  guards  the  pass  about  halfway 
up,  called  El  "Kubboh.  The  character  of  the  architecture  is  crusading,  and 
the  local  tradition  makes  it  the  stronghold  of  a  Christian  Sheikh.  Just  to 
the  south  of  this,  the  "Wady  of  the  Willows  "  was  pointed  out  to  us.  Wo 
calculated  the  ascent  from  Draa  to  Kerak  to  be  87:20  foot, — Dra'a,  though 
on  the  brow  of  a  bold  shoulder,  being  570  feet  below  the  sea-level,  and 
Kerak  3180  feet  abovo  it  (barometric).  I 

Without  pretending  to  compare  the  country  with  Switzerland,  and  at  the 
risk  of  incurring  tho  sneers  of  those  who,  judging  only  by  bigness,  accuse 
any  one  who  is  enthusiastic  on  Palestine  of  "Holy  Lund  on  the  brain,"  any 
one  less  prejudiced  than  these  critics  will  admit  tho  pass  to  be  a  magnifi- 
cent one,  and  the  situation  of  Kerak  to  be  majestic. 

It  has  already  been  described  by  Irby  and  Mangles,  and  is  sufficiently 
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known  to  students.  The  entrance  to  Kerak  is  certainly  unique,  by  an  arched 
natural  tunnel  in  the  side  of  a  precipitous  cliff,  out  of  which  the  traveller 
emerges  in  the  midst  of  the  city.  The  photograph  shows  this  gateway  into 
Kerak.  It  is  needless  to  describe  the  extraordinary  position  of  the  city  and 
its  natural  and  artificial  strength  against  the  resources  of  inediieval  or  modern 
Oriental  assault.  It  was  undoubtedly  the  strongest  natural  fortress  in  Syria 
before  the  introduction  of  modern  artillery — a  platform  of  a  triangular  shape, 
each  side  from  J  to  J  mile  in  extent,  inacossible  except  by  exposed  mountain- 
paths  on  all  side.s,  save  where  a  neck  of  hind  connects  it  with  the  adjoining 
mountains,  and  this  cut  through  by  n  wide  iosso  of  30  feet  deep  and  touch- 
ing massive  walls  18  feet  thick  above  it. 

The  fortifications,  Phoenician  or  Jewish  in  their  lower  parts,  then  Roman, 
surmounted  by  the  work  of  Crusaders,  arc  of  vast  extent  and  enormous 
height.  The  photographs  give  some  idea  of  the  vast  labour  expended  on 
these  works. 

Wo  found  Kerak  as  little  hospitable  as  have  our  predecessors  in  this  land. 
The  Mndjilli,  though  holding  a  Turkish  commission,  is  practically  indepen- 
dent, and  is  in  unscrupulous,  avaricious,  and  cunning  chieftain.  We  were 
held  as  prisoners  for  some  days  to  ransom,  after  entering  under  his  son's 
safe  conduct ;  but  our  imprisonment  was  not  severe,  though  rather  costly. 

On  ono  dny,  when  our  keeper  relented,  \vc  were  able  to  go  out  with  a 
guard,  and  ride  many  miles  to  survey,  while  the  rest  of  the  party  photo- 
graphed nearer  home. 

Our  survey  proved  very  successful  in  fixing  the  sites  of  many  mined  places, 
some  of  them  hitherto  unknown  by  name,  and  the  others  erroneously  placed 
in  all  the  existing  nrips.  Our  course  lay  chietiy  south  for  twelve  miles,  and 
thence  back  by  a  detour  to  the  eastward.  Crossing  the  deep  valley  of  Tziatin, 
where  the  soldiers  of  Ibrahim  Pasha  were  slaughtered  in  1*44  in  attempting 
to  cut  their  way  from  the  north,  >ve  marked  the  position  of  Jelam  es  Sebbhu, 
where  Ibrahim  Pasha  had  his  camp ;  and  then  of  Kureitin  (evidently  an 
ancient'  Kiriathain),  the  remains  of  twin  ancient  towns  close  together,  each 
on  a  low  knoll.  This  fashion  of  two  adjacent  towns  with  the  same  name 
seems  to  have  been  very  prevalent  throughout  the  whole  of  Moab. 

Here  we  found  ouixc-lves  on  the  high  tableland  ^hieh  forms  the  country  of 
Moah,  studded  thickly  in  every  direction  with  ruined  villages  and  towns, 
always  situated  on  gentle  swellings — Kirbet  A/i/eh,  Kirbct  Xekud,  M'hheileh, 
Howeiyeh,  Jubah  (on  the  old  Roman  road),  Mahkhcnnah  (mentioned  by 
Irby),  Modeh,  Abon  Taleb,  Mesh'had,  and  Severn  I  others.  Modoh,  like 
Kureitin,  has  been  a  tttin  eity,  and  there  is  a  Roman  milestone,  unmutilatrd, 
close  to  it,  of  the  date  of  Antonine.  At  none  of  those-  iuin>  did  we  lind  any 
water,  but  wells  and  cisterns  innumerable,  from  til'iy  to  one  hundred  in  each 
place,  generally  one  for  eaeh  house,  and  oil-presses  and  ^  ine-presses  cut  in 
the  rocky  slopes.  We  returned  by  "Martin,  more  extensive  ruins  than  the 
others.  Here  were  sarcophagi  and  srulptured  fragment-*,  and  house-walls 
quite  perfect,  but  without  ti  trace  of  mortar  between  the  dressed  stones.  \Ve 
saw,  but  did  not  visit,  the  ruins  of  Moureyah,  Hamad,  Suhl,  and  Xaehal, 
mentioned  by  Irby. 

Prom  the  Kerak  people  we  obtained  a  long  list  of  names  of  ruined  sites 
known  to  them,  upwards  of  sixty  in  number,  some  of  which  seem  the  Arabic 
representatives  of  Hebrew  names.  Dhnnah  (perhaps  the  Dininn  of  Isaiah, 
commonly  held  to  be  identical  A\ith  Dibon),  Lubeirah,  Sumrah,  Yaroud, 
ttetir,  Iladadah,  Uuhun,  Zerar,  Ilhomoiid,  Azour,  and  others. 

In  a  few  days,  by  the  aid  of  Sheikh  Zadam  of  the  Ueni  Sakkr,  we  were 
*  " 
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able  to  leave  Kerakfwithout  the  payment  of  a  very  heavy  ransom  (.£70  in 
all),  and  started  lor  the  north. 

It  must  be  remembered  that  TCcrak  is  the  one  inhabited  place  in  the  whole 
country,  the  only  town  or  village  in  the  vast  and  once  densely  peopled 
region  between  Es  ftalt  in  Gilcad  and  Shobck,  a  little  village  in  the  ancient 
Edom. 

Passing  the  ruins  of  Suwciniyeh  and  Duweineh,  after  descending  from 
Kerak,  and  ascending  again  more  than  1000  feet,  we  rode  through  the  ruins 
of  Hakim  nnd  Mikhersit,  from  which  place  we  followed  the  Komau  road 
to  the  ancient  Kabbath  Moal),  now  11  abba.  These  are  some  of  the  most 
extensive  and  finest  ruins  in  Moab  ;  but  the  incessant  rain  prevented  our 
taking  any  successful  photographs.  AVo  camped  inside  an  immense  Roman 
tank,  00  yards  by  50,  and,  though  filled  to  a  considerable  extent  with  the 
refuse  of  the  goats  which  are  horded  there,  Mill  nearly  150  feet  de-op. 

The  city  scorns  to  have  been  a  square,  more  than  a  mile  eacli  way.  One 
fhie  temple  has  some  columns  and  two  arches  left ;  but  all  else  are  only  broken 
walls,  with  long  linos  of  straight  narrow  streets  and  countless  vaults  arched 
over,  The  ruins  are  Komau,  but  with  many  carved  stones  from  earlier  edifices 
built  in,  and  many  dressed  blocks  of  basalt,  telling  of  a  still  more  ancient  city. 
There  arc  several  green  mounds  covering  extensive  masses  of  masonry,  which 
might  probably  repay  excavation. 

Prom  Jlabba  we  followed  the  Horn  an  road  northward,  passing  a  very  perfect 
little  Koman  temple,  one  and  a  half  mile  from  tho  city,  and  soon  afterwards 
a  ruined  town  (the  remains  of  which  seem  anterior  to  the  Ivoman  occupation), 
Missdchh,  and  immediately  afterwards  Humeitah,  the  Ilammat  or  "Animah.'' 
of  Palmer,  probably  an  ancient  Ham. 

Kasr  Kabbah,  or  Beit  el  TCurm  (the  house  of  the  vineyards),  four  miles 
north  of  Kabbah,  has  possessed  a  magnificent  Corinthian  temple  ;  the  diameter 
of  the  columns,  many  of  which  with  the  frieze  are  standing,  is  4  feet  8  inches. 
Hence  the  Koman  road  divides,  one  lino  going  towards  Shihan,  the  other, 
more  easterly,  to  the  passage  of  the  Arnon.  The  former  crosses  the  gentlo 
depression  which  marks  the  commencement  of  the  AVady  (ihurwch.  An 
easy  slope  reaches  to  the  top  of  Jebel  Shihan,  on  the  southern  side  of  which, 
lining  the  Koman  road,  are  very  singular  remains,  countless  small  enclosures, 
fields  or  gardens,  all  formed  of  blocks  of  basalt,  undressed,  and  no  limestone 
employed;  they  cover  many  acres.  The  road  here  has  been  only  15  feet 
wide.  The  city  itself,  on  the  top  of  the  hill,  has  been  built  chiefly  of  limestone, 
with  very  little  basalt.  The  cisterns  are  numerous  and  of  considerable  depth  ; 
but  they,  as  well  as  the  wells,  arc  now  all  dry. 

Descending  by  N.E.  we  passed  through  the  ruins  of  Balh'ua,  and  overtook 
the  rest  of  our  party,  who  had  followed  the  other  route.  Near  tho  edge  of 
the  ravine  of  the  Arnon  arc  the  remains  of  an  old  fortress,  Kirbot  Sum'hra, 
and  then  Muhatct  el  Haj,  conjectured  to  be  the  Jahaz  of  Scripture,  shape- 
less ruins, 

The  passage  of  the  Arnon  has  been  described  by  several  of  our  predecessors, 
who  have  certainly  not  exaggerated  its  magnificence  or  their  fatigues.  ]5y 
our  barometers  the  depth  is  21  o()  feet,  and  the  southern  plateau  is  200  feet 
higher  than  that  to  the  north.  The  Koman  paved  way  may  be  frequently 
traced,  as  well  as  tho  remains  of  tho  bridge  below.  From  crest  to  crest, 
we  computed  by  triangulation  to  be  about  three  miles.  The  upper  part  of 
the  southern  side  reveals  a  superficial  basaltic  stream,  which  is  absent  on  the 
north.  There  are  numerous  ruined  forts  all  along  the  Koman  causeway.  On 
the  northern  brow,  a  mile  east  of  the  road,  arc  the  ruins  of  Arar,  the  ancient 
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Aroer ;  and  ee  the  city  that  is  in  the  midst  of  the  river  "  (Josh.  xiii.  16)  is  no 
doubt  indicated  by  the  remains  in  the  luxuriant  strip  of  semitropical  verdure 
that  fringes  the  Arnon  far  below  it. 

Here,  from  the  news  of  a  sad  domestic  affliction,  brought  to  us  at  Babbah 
by  a  messenger  who  had  been  beaten  and  robbed  of  the  letters  by  the  scouts  of 
the  Kerak  ruffians,  Mr.  Klein,  to  whose  aid  we  are  really  indebted  for  the 
success  of  our  expedition,  through  his  masterly  knowledge  of  the  language 
and  his  friendship  with  the  Beni  Sakkr,  was  compelled  to  leave  us  and  return 
hastily  to  Jerusalem.  Ho  was  accompanied  by  Dr.  Ginsburg. 

From  the  northern  crest  of  the  Arnon  bank  a  good  view  could  be  obtained 
of  the  general  lie  of  the  Wadys  which  here  furrow  the  high  land. 

The  Arnon,  or  Wady  Mojib,  is  formed  a  little  above  where  we  crossed  it 
by  the  junction  of  three  ravines  of  nearly  equal  height,  the  northern  one 
named  by  Zadam  Wady  Seideh,  the  name  given  in  all  the  maps  to  the  central 
one,  and  the  others  Makhanas  and  Balhua. 

A  ride  of  three  miles  across  a  dreary  highland  plain  brought  us  to  Dhiban, 
another  double  city  on  two  knolls,  whose  caverns,  cisterns,  underground  store- 
houses, and  semicircular  arches  present  no  peculiar  features.  To  the  west  of 
both  knolls  is  a  little  stream,  near  which  the  famed  monolith  was  found,  and 
in  which  water  was  running.  All  the  surrounding  hills  are  limestone,  and 
there  is  no  basalt  except  what  has  been  brought  here  by  man.  It  is  need- 
less to  say  that  no  inscribed  remains  now  exist  above  ground ;  but  we  found 
a  very  finely  dressed  basaltic  oil-press,  with  the  upper  stone  lying  close  to 
the  outer  cylinder,  by  the  bank  of  the  stream. 

From  Dibon  we  struck  eastward,  by  the  route  taken  by  Messrs.  Palmer 
and  Drake,  towards  Um  Easas.  The  road  lay  up  a  wide  depression,  which 
could  scarcely  be  called  a  valley,  known  as  Kurm  Dhiban  (the  vineyards  of 
Dibon),  and  continuously  for  three  miles  were  the  traces  of  the  vineyard- 
ridges  across  the  slopes.  These  are  "  the  plains  of  the  vineyards  "  of  Judges 
xi.  33,  the  route  taken  by  the  Amorites  after  their  discomfiture  by  Jephthah. 
Bnjurn  Selim,  a  shapeless  inconspicuous  heap,  is  the  only  ruin  on  the  way 
from  Dibon  to  Um  llasas.  This  latter  seems  placed  too  far  east  by  Palmer, 
who  has  also  erroneously  marked  the  Hadj  road  as  touching  it,  and  placed 
it  ten  miles  too  far  west — a  mistake  not  to  be  wondered  at  when  we  con* 
sidor  the  very  great  difficulties  under  which  Mr.  Palmer  and  Mr.  Drake 
accomplished  their  visit. 

A  Roman  road  does,  however,  touch  Um  Easas  from  Heshbon  to  the  south. 
Um  Kasas  was  of  necessity  very  hastily  examined  by  our  only  predecessors, 
and  is  of  much  greater  extent  than  had  been  imagined.  The  outline  of 
the  city  and  its  walls,  apparently  repaired  at  a  later  period,  is  perfect, — no 
grass-grown  mounds,  but  simply  fallen  or  falling  buildings,  with  streets 
encumbered  by  the  masonry  and  countless  arches ;  no  heathen  temples 
within  the  city,  but  five  Christian  churches,  one  of  them  probably  a  cathedral, 
and  all  of  the  Basilica  type.  The  apse  was  generally  perfect,  with  the 
plinth  and  beading  decorated  by  bosses  carved  with  alternate  heads  and  crosses. 
Some  of  them  we  photographed.  Outside  where  wo  were  camped  was  the 
amphitheatre,  now  grass-grown,  and  several  very  deep  cisterns,  not  very 
large  superficially. 

The  most  interesting  ruin  here  is  a  Christian  mortuary  tower,  which  Mr. 
Palmer  has  sketched,  close  to  the  ruins  of  a  Byzantine  church,  of  which  we 
took  photographs.  This  tower  is  a  landmark  for  miles  round,  and  ludicrous 
traditions  are  locally  attached  to  it, 

Um  Raaas  appears  to  me  to  be  probably  the  «  Thamatha"  of  the  <  Notitia,1 
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the  station  of  the  first  Yalentian  "Ala  ;"  and  the  name  is  preserved  in  the  Wady 
Thamed  close  by.  It  certainly  must  have  been  one  of  the  most  important 
cities  in  these  highlands  in  the  lloman  times,  and  is  on  the  lloman  military 
road. 

We  made  expeditions  eastwards  to  the  ruined  fort  M'seitbeh,  where  there 
was  abundant  water  in  a  large  cistern,  and  the  Hadj  road  eleven  miles  east 
of  it,  east  of  which  is  the  ruined  Khan  Zcbib,  which  places  have  never  before 
been  visited.  Khan  Zebib  is  evidently  built  on  the  ruins  and  with  the 
debris  of  a  former  great  city;  and  to  the  cast  of  it  arc  the  remains  of  an 
interesting  Doric  temple.  Jemail  (two  and  a  half  miles  south  of  Um  Rasas) 
and  Ghazal  (Khazaleh  of  Palmer's  map)  were  also  visited.  At  both  of  them 
there  was  water,  and  traces  of  vineyards  in  the  neighbourhood.  Khan 
Zebib  is  above  the  rise  of  the  AVady  Hhabek,  the  head  feeder  of  the  Zcrka 
Main  or  Callirrhoe,  a  wide  shallow  basin  fed  by  the  drainage  from  a  lime- 
stone range  to  the  east  of  it. 

The  Hadj  road  is  here  closely  marked  by  about  fifty  parallel  furrows, 
formed  by  the  tread  of  long  lines  of  camels  pursuing  the  same  tract  for 
ages  in  succession. 

Near  the  great  temple  cast  of  Khan  Zebib  are  numerous  natural  caverns, 
which  form  subterranean  labyrinths,  and  have  been  cemented  and  used  as 
reservoirs  in  past  ages  :  now  they  seem  occasionally  employed  as  hiding- 
places  and  folds  by  the  Bedouins.  Beyond  these  are  a  number  of  artificial 
mounds  and  circles  of  stones,  affording  unquestionable  evidence  of  the  cairns 
of  the  primaeval  inhabitants. 

"We  spent  several  days  at  Um  llasas,  in  the  hope  of  securing  a  stone  which 
is  buried  there,  but  which  the  Bedouins  would  not  reveal  to  us.  I  have 
seen  a  squeeze  of  this  stone,  which  is  now  in  the  possession  of  Dr.  Dodge, 
of  Beirut,  having  been  taken  by  a  Bedouin  before  the  stone  was  buried  ; 
it  is  of  basalt,  and  bilingual.  The  centre  is  occupied  by  a  serpent  biting 
a  scorpion.  On  the  serpent  arc  inscribed  numerous  Phoenician  characters, 
and  on  one  side  is  a  long  inscription  of  many  lines  in  the  Phoenician  cha- 
racter ;  on  the  other,  arranged  in  a  similar  semicircular  fashion,  one  in 
apparently  jMabathean  letters.  I  hope  ere  long  to  obtain  a  copy  of  this 
important  inscription, 

From  Um  Itasas  we  travelled  K.W.,  passing  Bcihar  and  the  ruins  called 
Drtia,  a  Moabite  city  of  the  very  oldest  typo,  probably  the  Zoas  of  Eusebius, 
and  the  seat  of  a  bishopric.  This  place  has  not  been  previously  noticed,  and 
solves  some  of  the  difficulties  which  have  encumbered  the  topography  of  the 
Zoas  of  the  Pentateuch. 

In  two  hours  we  crossed  the  \Vady  Thamed,  overhanging  which,  on  a 
peninsula  formed  by  the  river,  is  an  immense  heap  of  stones,  apparently  an 
old  keep  and  enclosure.  It  is  300  feet  above  the  AVady,  and  is  known  as 
Um  ll'mail.  We  made  this  our  station  1'or  a  few  days.  Three  miles  north 
of  it  is  Zafaran,  with  a  fort  of  large  squared  stones  on  the  top  of  a  till,  and 
the  remains  of  the  town  below  it.  There  arc  no  traces  of  arches  here,  and 
the  place  seems  prc-lloman.  It  may  perhaps  be  the  IsTaar  ftafari  of  tho 
*  Notitia/  the  station  of  the  second  Ala  miliarcnsis.  Near  it  are  the  similar 
ruins  of  El  Alaki,  and  two  miles  further  El  Herri,  a  fortress  on  a  knoll  and 
a  town  below  it,  with  the  old  Koman  road  passing  close  by. 

The  next  ruin,  N.E.  from  hence,  is  UmWclcod,  one  of  the  most  important 
and  extensive  in  the  whole  country.  The  ruins  are  of  three  distinct  types, 
pre-lloman,  lloman,  arid  a  Saracenic  Khan.  "No  previous  traveller  has  visited  it, 
and  its  local  name  gives  no  clue  to  its  aiicicnt  name.  The  lioman  road  passed 
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through  it.  There  is  an  amphitheatre ;  the  pavement  of  a  forum,  surrounded 
by  the  bases  of  columns,  is  entire,  41  paces  by  JJ8,  and  just  beyond  it  the 
eastern  gato  of  the  city,  outside  which  is  an  interesting  little  Doric  temple, 
12  yards  by  10,  facing  cast,  the  niches  being-  still  in  situ. 

The  streets  hero  have  been  arcadcd;  and  we  found  in  some  places  the  flat 
slabs  of  stone  which  formed  the  flooring  of  the  dwellings  above  the  streets 
still  entire.  15y  the  bide  of  thoso  old  streets  the  ancient  Khan  looked  but  a 
work  of  yesterday. 

Wo  followed  the  Itoman  road  from  Urn  AVeleed  to  Um  el  luisoir.  There 
is  no  ruined  bridge  as  marked  in  the  maps  ;  but  there  is  a  long  massive  wall 
across  part  of  the  plain,  built  for  the  purpose  of  guiding  the  floods  into  ihe 
cisterns.  Um  el  Kuseir  is  of  the  same  type  as  the  last  named  city,  but  not 
so  extensive. 

Hence  we  struck  eastward  to  Xixa,  where  we  spent  a  week.  It  is  men- 
tioned in  the  (  Xotitia'  as  the  headquarters  of  the  Dalmatian  lllyrican  cavalry. 
The  remains  of  Ziza  are  very  perfect.  The  tank  is  simply  magnificent,  140 
yards  by  110  (sec  Photograph):  many  of  the  stones  are  0  i'eet  in  length. 
Much  engineering  ingenuity  is  shown  in  the  mode  by  which  the  upper  valley 
has  been  banked,  and  a  system  of  sluice-gates  arranged  for  tilling  the  pool 
and  letting  off  the  superfluous  rainfall. 

Above  it  is  a  strong  Saracenic  fort,  still  entire,  and  which  wa,s  occupied  by 
Ibrahim  Pasha.  The  upper  story  lias  been  fitted  for  engines  of  war,  and 
many  stones  taken  from  Christian  chambers  marked  with  plain  hj  mbols  appear 
in  the  walls.  The  ancient  city  is  on  a  long  ridge  further  up,  occupying 
several  acres,  and  full  of  sculptured  ruins.  The  whole  lull  is  honeycombed 
with  cisterns.  The  principal  remains  seem  not  earlier  than  the  Christian 
period,  comprising  several  churches. 

Six  miles  east  of  Xiza  we  crossed  the  Had  j  road,  not  far  from  the  base  of 
the  limestone  range  which  forms  the  eastern  limit  of  the  highlands  of  Moab. 

A  little  beyond  this,  at  the  very  base  of  the  hills,  but  without  any  trace 
•of  water,  we  discovered  a  palace  which  surpass  in  interest  any  other  of  the. 
ruins  which  this  expedition  has  brought  to  light,  From  the  eminences  near 
/iza  we  had  detected  a  pile  of  masonry  in  this  direction  ;  the  Ucni  Sakkr  gave 
it  the  name  of  Mashita,  and  spoke  of  it  as  being  like  the  other  ruinous 
heaps  which  we  were  continually  examining. 

A  gazelle  had  beguiled  our  ride,  and  not  a  little  were  we  startled  when 
we  reined  in  our  horses  in  front  of  a  facade  of  which  only  the  photographs 
can  give  the  slightest  idea.  Two  days  were  well  spent  in  photographing  and 
measuring  (sec  Plan  and  Photographs).  \Ve  were  in  nfter  perplexity  as  to 
the  origin  of  these  magnificent  buildings ;  nor  was  our  difficulty  lessened  by 
the  long  lines  of  inscriptions  in  an  unrecognized  character  on  the  lower  corners 
outside  the  inner  palaee.  One  thing  was  plain,  the  palace  had  never  been 
finished,  at  least  in  its  decorations;  and  we  have  to  thank  Mr.  Fergusson  for 
having  given  us  the  clue  to  the  solution  of  the  problem.  Mr.  lYrgusson  is 
decidedly  of  opinion  that  it  is  the  work  of  Chosroea  11.,  the  Sassanian  king 
of  Persia,  after  his  conquest  of  Syria,  Xorth  Arabia,  and  Kgypt  in  A.D.  <>ll- 
(522.  The  builders  seem  to  have  been  interrupted,  for  it  is  evident  that  the 
decorations  were  never  finished.  This  is  explained  by  the  advance  of  the 
Emperor  Heraclius,  who  so  brilliantly  swept  the  Pei^ian  out  of  the  whole  of 
his  conquests,  and  recalled  for  a  moment  the  glories  of  old  Rome. 

There  are  no  more  ancient  remains  of  any  kind  in  the.  neighbourhood, 
and  no  Saracenic  additions  whatever.  Mashita  stands  forth  in  absolute 
solitude  and  isolation,  unlike  the  cities  of  Moab,  with  their  traces  of  many 
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epochs.  It  probably  was  erected  as  a  hunting-palace,  to  gratify  the  luxurious 
taste  of  Chosroes.  Mr.  Fcrgusson  has  pointed  out  the  indications  in  this 
wonderful  sculptured  fumade  of  Byzantine  art,  guided  by  Persian  design 
(see  Plan  and  Photograph). 

It  is  not  a  little  strange  that  so  perfect  and  unique  a  building  has  remained 
unnoticed  and  undiscovered  by  any  European  before  us,  and  without  any 
tradition  attaching  to  it  by  the  Bedouin.  There  is  no  trace  here  of  any  de- 
struction by  the  hand  of  man.  The  sculpture  is  of  extraordinary  depth  and 
scarcely  weathered,  as  may  be  seen  by  the  photographs. 

Travelling  north  from  Ziza,  the  ruins  of  Kustul,  evidently  some  Roman 
"  castcllum,"  possess,  as  may  be  seen  from  the  photographs,  a  character  distinct 
from  any  other  Moabito  cities.  There  are  the  several  walls,  cisterns,  and 
arches,  these  latter  unusually  massive  and  well  finished ;  but  besides  them 
two  castles,  with  many  semicircular  bastions,  surmounted  by  a  sculptured 
balustrade  of  the  Corinthian  order.  The  principal  castle  is  8i  yards  square. 

The  smaller  castle,  isolated  from  the  city,  would  seem  to  have  been  a  temple 
fortified.  AVe  found  a  Greek  altar  of  white  marble,  and  several  marble  capi- 
tals, which  must  have  been  imported  from  the  Greek  islands  or  Asia  Minor. 
Below  the  city  is  a  tank  likes  that  of  Zizn. 

Six  miles  north  of  Jvustiil  1  wiled  Thenib,  a  heap  of  cisterns,  walls,  and 
arches,  and  two  miles  further  north  Itujum  Hamani,  a  ruined  heap  of  shape- 
less stones.  This  was  our  extreme  north-eastern  point. 

Travelling  west  from  Kustul,  Um  Zibarah  presents  only  a  large  assembly 
of  hummocks  and  hollowed  cisterns.  Crossing  the  commencement  of  Wudy 
Jifar  wo  reached  the  top  of  Jebcl  Jelul,  a  most  remarkable  hill,  hitherto 
unnoticed,  or  placed  close  to  Heshbon,  rising  300  feet  above  the  plain  and 
covered  with  ruins.  Pieces  of  Doric  entablature  were  strewn  about.  The 
panorama  from  Jelul  was  uninterrupted  for  several  miles  in  all  directions. 

Prom  Jelul,  turning  south,  we  passed  tSufa,  crossed  Wady  JIabis,  the  ruins 
of  Betan  el  Barei],  JIabis  city,  and  then  leaving  the  highlands  followed  down 
the  gorge  of  the  llabis,  the,  main  feeder  of  the  Zerka  Main.  Owing  to  the 
ruggedness  of  the  road  it  was  u  two  days'  journey  to  the  hot  springs  of  Cal- 
lirrhoc.  AVe  had  now  left  the  country  of  the  Beni  tSakkr,  and  were  in  that 
of  the  Hauiaydeh.  These  latter  have  been  spoken  of  as  an  independent  tribe, 
and  the  remains  of  the  ancient  Mouhitcs.  AVe  never  found  them  inhabiting 
huts,  but  only  tents  like  other  Bedouins ;  physically  they  seemed  decidedly 
inferior  to  the  Beni  Sakkr,  who  treat  them  as  mere  vassals,  pjibtnring  their 
cattle  and  camels  where  they  please  in  Humaydeh  territory,  and  summoning 
them  to  their  service.  They  obeyed  the  orders  of  Zadam  implicitly,  when 
he  desired  Ibn  Tarif  or  any  other  of  their  Sheikhs  to  act  as  our  guides  in  any 
part  of  their  country.  ]STcr  were  wo  once  asked  for  backslash  from  the  time 
we  left  the  Kerak  men  till  we  reached  Jericho.  Their  chief  men  never  pre- 
sumed to  enter  the  tent  with  Zadam,  but  consorted  Avith  the  servants.  The 
gorge  of  the  Callirrhoo  is  one  of  the  grandest  T  have  seen.  AVe  had  to  ascend 
to  a  narrow  secondary  plateau  and  then  descend  KJOU  feet  to  the  hot  baths. 
The  north  face  of  the  ravine;  is  red  sandstone  below  and  whito  limestone 
ubove;  the  south  face  is  formed  by  a  stream  of  basalt,  in  many  places  co- 
lumnar. 

Our  camping-ground  Avas  delicious,  by  the  side  of  a  Avarm  sulphur  torrent, 
90°  Falir.  just  whoro  it  dashes  into  the  cooler  stream  of  sweet  Avater  in  front 
of  us.  The  hot  sulphurous  springs  all  issue  from  tho  north  face  of  the  gorge, 
at  the  junction  of  the  red  sandstone  with  the  limestone.  In  a  reach  of  threo 
miles  there  are  ten  principal  springs  and  many  minor  ones,  dashing  down 
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little  nullahs  or  canons,  all  shaded  with  date-palms  and  canebrakc.  The 
temperature  of  the  upper  spring  was  only  85°,  that  of  the  fifth  and  tenth, 
which  arc  the  largest,  was  135°  arid  140°  at  their  exit  from  the  rock.  The 
heated  stream  of  the  Callirrhoe  retains  a  temperature  of  70°  at  its  niouth. 

There  is  not  a  trace  of  lloman  baths  or  of  building  of  any  kind ;  this  is 
not  to  be  wondered  at  when  we  observe  the  rapid  deposit  of  sulphur  now" 
forming  about  all  the  lower  springs.  These  sulphurous  deposits  form  crum- 
bling cliffs,  under  which  the  hot  stream  has  in  many  places  made  itself  a 
tunnel,  to  which  the  Arabs  have  pierced  holes  through  the  overlying  crust, 
over  which  they  sit  and  <'iijoy  a  natural  vapour-bath. 

Wo  made  this  lovely  glen  our  headquarters  for  eight  days,  and  thoroughly 
examined  the  neighbourhood.  The  castle  of  Machyerus  (M'Kaur),  the  place  of 
the  martyrdom  of  St.  John  Baptist,  does  not  seem  to  have  been  noted  by  any 
predecessor,  and  is  wrongly  placed  in  the  maps.  It  stands  to  the  S.E.  of 
the  head  of  the  Wady  Sgara,  the  next  glen  to  the  south  of  Callirrhoe.  Its 
natural  position  is  accurately  described  by  Joseplms ;  but  there  is  nothing  left 
to  give  any  idea  of  the  great  strength  of  its  fortiiications.  The  citadel,  ibolated, 
as  Pliny  observes,  from  the  city  below,  has  only  foundations  of  the  keep  just 
level  with  the  soil,  circular,  exactly  100  yards  in  diameter;  within  it  is  a  well 
of  great  depth,  a  large  and  deep  oblong  cemented  cistern,  and  two  duiif/eotis, 
one  of  them  very  perfect.  The  town  occupied  the  ridge  of  a  long  crest  running 
cast  and  west  to  the  west  of  the  fortress,  and  is  marked  by  a  stupendous  heap  of 
stones,  beyond  which  are  the  foundations  of  several  forts  and  of  a  small  temple. 
The  stone  heap  is  250  yards  long  and  of  great  height,  and  the  crest  is  3SOO 
feet  above  the  Dead  Sea.  The  tinest  view  on  the  east  bide  is,  1  think,  from 
the  top  of  the  ridge  between  M'Kaur  and  Callirrhoe. 

Attarus,  the  ancient  Ataroth,  and  Kurciyat  (Kiriathaim)  were  also  visited. 
At  tar  us  is  certainly  in  extent  among  the  most  considerable  of  the  Moabito 
ruins,  but  featureless  ;  Jebel  Attarus  is  three  miles  distant  from  the  site  which 
bears  the  name  of  nncient  Ataroth.  It  has  been  <TO\\  ned  by  a  massive  square 
fortress.  The  feature  most  remarkable  in  this  treeless  country  is  a  line  tere^ 
binth,  which  attracts  the  eye  from  far  and  is  noticed  by  liurkhardt.  Hound 
this  hill  and  in  the  undulating  plain  between  it  and  the  city  the  ground  is 
sparsely  covered  with  trees,  the  only  wooded  spot  in  the  highlands.  Tere- 
binths, oaks,  and  especially  the  almond-tree  in  abundance,  pre&eut  un  aspect 
most  refreshing  in  this  bare  and  monotonous  land. 

Jvureiyut  has  nothing  worthy  of  note,  and  from  hence  to  the  Arnou  there 
is  scarcely  a  ruin  on  the  eastern  edge  of  the  plateau. 

In  the  neighbourhood  of  the  Callirrhoo  we  observed  several  prehistoric 
stone  circles,  like  those  found  at  Beitin  and  elsewhere,  and  many  cairns^  which 
seem  far  anterior  to  the  mounds  of  the  cities. 

An  expedition  to  Zara  (the  Zareth  Shnphan  of  the  Bible)  was  full  of  interest. 
The  narrow  ravine  of  the  Callirrhoe  it  was  impossible  to  follow  ;  and  we  were 
compelled  to  mount  the  heights,  cross  two  more  gorges,  and  follow  the  crests 
till  we  descended  2000  feet  from  a  lower  plateau  upon  the  oasis  of  Zara. 
This  is  not,  as  marked  on  the  maps,  at  the  mouth  of  the  Callirrhoe,  but  consi- 
derably to  tho  south.  It  was  a  city  of  lieubcn,  its  frontier  to\\n  on  the 
shore,  and  shows  lew  traces  of  later  occupation.  We  may  traee  the  features 
of  the  Jewish  town,  a  central  fort  on  a  knoll  and  the  houses  clustering  round 
it,  as  may  be  seen  to-day  at  (Jibeon  and  elsewhere.  We  wore  surprised  to 
find*  a  wido  extent  of  rich  land  fringing  the  Dead  Sea,  abundantly  watered 
by  hot  springs,  some  sulphurous  and  others  sweet,  This  belt  reaches  to 
within  a  short  dUtuuce  of  the  mouth  of  the  Arnou.  Northwards  some  bold 
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headlands  intervene  between  it  and  the  Callirrhoe,  and  a  scramble  we  had  to 
get  round  to  the  fissure  through  which  the  river  emerges,  forming  a  spit 
covered  with  tamarisk  at  its  entrance.  It  is  needless  to  say  that  we  found 
the  shore-Hue  laid  down  by  Lynch  most  accurate,  but  the  sketching-in  of  the 
country,  even  close  to  the  water's  edge,  most  inaccurate,  as  his  party  in  this 
district  seem  rarely  to  have  left  their  boats.  There  is  a  striking  contrast 
between  the  eastern  and  western  shores ;  on  the  latter  there  are  only  a  few 
patches  of  verdure,  scarcely  breaking  the  desolate  barrenness  of  the  coast-line  ; 
on  the  east  all  is  exuberant  verdure  and  continually  running  streamlets  to 
the  water's  edge.  The  palm-tree  is  abundant,  and  clings  to  the  sides  of  the 
little  ravine  from  a,  height  of  over  1000  feet  to  the  very  ed^e  of  the  sea  (see 
Photograph),  while  the  varying  shrubs  and  flowers  overpower  the  botanist. 
This  must  be  attributed  to  the  sandstone  formation,  which,  underlying  the 
eocene  deposits,  nowhere  appears  on  the  west,  while  it  is  greatly  elevated  on 
tho  eastern  side. 

Arrived  at  the  mouth  of  the  Callirrhoe,  we  ascended  the  gorge  on  foot  with 
an  ibex-hunter  for  our  guide,  and  though  the  scrambling  was  severe,  were 
richly  rewarded.  At  the  shore  the  cliffs  are  000  feet  high,  and  the  opening 
only  100  yards  across,  sometimes,  as  we  ascend,  only  «*0  yards.  It  winds  and 
turns  suddenly,  and  the  glow  of  the  red  sandstone  walls  is  gorgeous.  Paths 
or  tracts  of  course  there  are  none  ;  and  we  were  compelled  to  climb  as  best  we 
could  up  the  side,  when  a  waterfall,  Jebel  Moia,  /.  e.  k(  waterhilV  barred  all 
progress. 

After  having  thoroughly  investigated  this  district  wo  turned  northwards, 
visiting  at  leisure  the  sites  on  the  western  edge  of  the  highlands  where  the 
cities  of  Moab  were  most  crowded. 

In  this  region,  as  far  as  Heshbon,  I  must  notice  the  great  number  of  dol- 
mens which  everywhere  occur  in  these  parts,  which  arc  too  rocky  to  have 
been  ever  subjected  to  the  plough ;  I  have  counted  more  than  twenty  in  one 
morning's  ride.  They  are  all  of  one  pattern,  three  stones  placed  endwise 
forming  three  sides  of  a  square,  and  a  large  stone  forming  the  cover,  generally 
about  six  feet  in  diameter.  I  never  found  four  supporting  stones. 

We  followed  a  road,  Jewish  or  lloniau,  to  Maon  and  then  to  Medeba,  On 
every  side  are  the  foundations  that  mark  the  boundary-walls  of  fields  or  vine- 
yards, while  the  Belka  Arabs  here,  for  the  first  time,  exemplify  the  natural 
fertility  of  the  country  by  their  cultivation  of  large  tracts  in  wheat  and 
barley. 

For  the  ruins  of  Main  (Boal  Meon),  which  occupy  four  adjacent  hills,  and 
of  Medeba,  which  retains  its  Bible  name  unchanged,  I  can  but  refer  to  our 
photographs. 

At  the  latter  we  camped  for  some  days  and  visited  the  ruins  to  the  east 
and  north.  Medcba  contains  more  perfect  llonian  remains  than  any  of  the 
other  western  cities  of  the  highlands.  It  is  not  in  a  hollow,  but,  like  all 
other  towns  of  Moab,  on  the  top  of  a  knoll.  The  forum,  or  whatever  else  it 
imay  have  been,  is  the  largest  we  have  seen,  2<s<)  by  2-10  yards,  with  a  colon- 
nade, and  tho  bases  of  the  columns  still  in  situ,  many  temples  and  later 
Christian  churches.  The  most  remarkable  remaining  work  is  the  reservoir, 
built  on  the  same  principles  as  Solomon's  pools,  and  120  yards  square,  with 
its  walls  30  feet  thick  at  the  base,  tapering  to  18  feet.  It  would  be  tedious  to 
describe  the  temples  and  churches  of  Medeba,  which  at  least  prove  the  dense 
population  of  this  part.  The  other  northern  cities  of  Moab  call  for  no  special 
mention ;  they  occur  every  half  mile,  and  are  alike  in  their  main  features.  Man 
has  had  little  or  nothing  to  do  with  their  decay.  AVe  examined  carefully  the 
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heights  overhanging  the  Dead  Sea  with  a  view  to  Ncbo.  The  modern  Nebbeh 
affords  exactly  the  view  described  in  Deuteronomy,  and  I  can  find  no  other  to 
rival  it.  The  city  of  Ncbbeh  is  lower  down  on  a  spur  of  the  range,  and  with 
remains  more  perfect  than  ordinary.  The  whole  country  is  here  densely 
crowded  with  ruins  ;  but  tho  names  do  not  indicate  their  ancient  equivalents 
— Maslubiyeh,  Kuseir,  Et  Tein,  &c. 

From  Nebbeh  we  worked  to  Ayun,  Mossa,  Hcshban,  &c.,  which  have  been 
visited  by  many  others.  We  made  some  sojourn  in  the  Seisaban,  and  iden- 
tified Itnmah,  Beth  Jesimoth,  and  other  sciiptural  sites,  and  thence  worked 
down  the  shore  of  the  Dead  Sea  towards  Ciillirrhoe.  We  ascertained  that 
the  Seisaban,  tho  ancient  plains  of  Shittirn,  is  of  very  much  greater  extent 
than  the  maps  represent.  The  fertile  Ghor  extends  from  the  Beit  Xcmcirah, 
or  upper  fords,  to  within  3  miles  of  the  mouth  of  the  Callirrhoc,  and  is  well 
watered  throughout ;  but  in  ancient  warfare  this  region  could  never  bo 
defended,  and  the  ruins  arc  unimportant,  though  there  is  not  a  single  mound 
without  the  stones  which  tell  of  some  fort  of  the  olden  time. 

We  trust  we  have  by  our  expedition  carried  out  the  intentions  of  the 
British  Association.  We  have  carefully  mapped  the  whole  country  north  of 
the  Arnon,  every  previous  map  of  which  we  found  to  be  a  mere  work  of  tho 
imagination.  Wo  have  left  no  ruin  in  that  tract  unexplored  ;  and  though  wo 
have  brought  home  no  Moabito  stones,  we  never  dreamt  we  should  be  able 
to  do  so.  The  grant  was  for  r/*w/w_^7mvf7  exploration,  and  that  we  have  endea- 
voured conscientiously  to  carry  out,  and  have  brought  to  light  some  twenty 
ancient  cities  hitherto  un visited  and  unknown,  and  others  known  only  by  name. 
The  zeal  of  my  companions  enabled  me  to  exhibit  about  lUO  photographs. 


Sur  I3  elimination  des  Fonctions  Arbitraires. 
By  CH.  HERMITK,  Corr.  Member  of  the  Mathematical  Society  y  London. 

[A  communication  ordered  by  the  General  Committee  to  be  printed  in  cxtcnso.] 

C'KST  la  definition  geometrique  (Tune  famille  de  surfaces  par  un  certain  mode 
de  generation  qui  a  conduit  a  detinir  analytiquement  une  fonction  z  de  x  ot 
y  par  le  systemc  do  deux  equations 


(.r,  ?/,  r,  «.  A,  B,  .  .  .  L)  =  0,  1 
y,;,a,A,B,  ...L)=:0j 


ou  ontront  un  parametrc  variable  a,  et  un  nombro  quelconque  n  de  fonctions 
nrbitraires  de  «,  roprosentoes  par  A,  B,  .  .  .  L.  Obtenir  une  c'(|untion  aux 
differences  partielles,  a  la(\ucllc  satisfiiit  la  fonction  z  quels  que  soient  a  ct 
ccs  n  fonctions,  sera  la  question  traitee  dans  cette  note  par  une  methodo 
nonvcllc. 

J  'observe  en  premier  lieu  que  les  relations  donnecs  permettcnt  de  considerer 
a'  it  \j  comine  dts  fonctions  de  r,  dont  les  derivees  success!  ves, 


*        y_g.      y-.g. 
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s'obtiendronfc,  soit  diroctomcnt  si  Ton  pout  avoir  x  et  y  cxplicitemcnt  exprime's 
en  z,  soifc  par  los  regies  relatives  aux  fonctions  implicitos.  Dans  ce  dernier 
cas  nous  aurons  d'abord, 


y+=0,      ...    (2) 
dy          dz 


pus: 


et  ainsi  do  suite. 

En  second  lieu  jo  remarquo  quo  s=/(,r,  ?/)  t'tant  la  fo  notion  qui  resulte  do 
rclimination  du  paramctrc  a,  on  rcproduini  idcntiquement  la  quantite  s  si 
Ton  y  remplace  x  ct  y  par  Ics  valours  qn'on  lire  de  la  resolution  de.s  equations 
(1),  car  autrcment  ce  sorait  de  deux  relations  concluro  unc  troisieino  qui  en 
serait  distincte.  D'aprc-s  cola  et  on  regardant  A*  et  i/  commc  ibnctions  de  z9 
la  premiere  derivee  de  Tidcntite  obtenue  donnera  Fegalite  suivante  : 


la  seconde  et  la  troisieme  celles-ci  : 


9  a  w 

los  quantites  a?',  ct?",  <r'",  y\  //",  ;y'r/  dovant  otro  romplaeecs  par  lours  valours 
en  fonctioii  do  z,  ou  elimiuees  au  moycn  dcs  relations  (2),  (;i),  itc.  En  con- 
tinuant Ics  monies  calculs  jusqiui  la  deiivt'o  d'ordre  ;?,  on  parviondra  h  un 
systc'iue  de  n  equations,  ou  Ics  derivoos  particllcs  de  Tordre  le  plus  elcve 
seront  evidcmuient  : 

dnz         dnz  d"z 


et,  en  y  joignant  les  deux  relations  proposecs,  il  sera  possible  d'cftectuer 
relimination  du  paramo  tro  «  ct  des  n  fonctions  arbitral  res  A,  B,  .  .  .  L. 
C'est  le  rcsultat  chercho  qui  est  ainsi  une  e^imthn  aux  differences  purtklles 
d'ordre  u. 

Dans  le  cas  le  plus  simple  de  ?i=l  ,  lors(]u'il  u'existo  qu'une  seule  fonetion. 
arbitrairo,  cctte  equation  aux  differences  partielles  s'obticnt  immediateiuent 
en  resolvant  par  rapport  a  a  et  A  les  equations 

(f>(j,  y,  z>  a,  A)  =  0,     i/,(.r,  ?/,  z,  a,  A)  =  0  ; 
ayant  en  effet 

<*=$  (#,  y,  -),     A=l'  (a-,  y,  z), 
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il  no  restera  plus  traco  du  parametre  ni  de  la  fonction  arbitrairo  dans  les  re- 
lations (2)  qui  deviennont : 

ct  lo  resultat  do  ?  elimination  do  a/  et  y  entrc  ces  equations  et  Pequation  (4) 
est  ininiediatemcnt  donne  on  egalant  a  zero  lo  determinant : 

dx     dx     d.v 
Jz     <?t^     r?Hr 


i 


--—  ,     ~~i~ 

dz      dz 


Sans  m'arrctcr  a  tircr  do  1;\  los  equations  aux  differences  partielles  des  cylin- 
drcs,  des  cones  etc.,  jo  p  rends  pour  cxcinplc  les  surf  acts  nylces  dont  la  gene- 
ratrico  est  la  droite  : 


co  qui  nous  dounera  un  cas  d'eliininaliun  de  trois  foiictions  arbitraircs.     Or 
ay  ant 

a-'  =  A,  a;"  =  0,  0;'"  =  0;     ?/'  =  «,  //"  =  °,  y'"  =  (}, 

les  equal  ioiib  (*">)  et  (0)  dcvicuucnt  sim[)leincnt 


et  il  ne  reste  plus  qu'a  elfectiK^r  1'elinunation  de  -  ,  ce  tpii  est.  bien  en  effet 

lo  resultat  coiinu. 

La  consideration  des  surfaces  cnveloppes.  oil  s'ollre  un  nn>de  de  generation 
cntieremenl  diilV-rent  des  precedents,  eonduit  a  detinir  line  ionction  z  de  .r  et 
?/  par  deux  equations  eontenaut  un  parametre  variable  «,  et  dont  Func  est  la 
derivee  do  Tautre  par  ra]>])orl  a  c<1  purametro.  En  desi^nanl  de  nouveau 
par  A,  B,  ,  .  .  L,  n  ixmutions  arbitrairos  do  a,  ees  conditions  b'oxprimont 
ainsi  : 

f(x,i/9z,a,\,'B,...'L)s=Q9      ......    (7) 

;j-/l^^,«,A,B,...L)  =  0,     ......     (8) 

ct  nous  nous  })roposons  encore  de  former  entre  Li  fonction  et  les  variables 
indepcndantes,  une  equation  aux  dillerenccs  partielles  qui  subside  quelles 
qiie  soient  cos  foiictions  do  a. 

A  cet  eit'et  je  concois  ([lie  .t  et  t/  soient  dcteriuines  par  les  equations  (7)  et 
(8)  en  fonction  do  z}  de  maiiiero  a  avoir  toujours  les  relations  precedcmment 
obtcnues  : 


T- 
dy 


*    -j         v          -;-'  -i   r 
dx         ay         \dx-     dxdy 


V'Z 
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Mais  je  procederai  differemment  pour  calculcr  les  derivecs : 


on  raettant  a  profit  unc  drconstanco  importante  qui  s'offrc  lorsqu'on  vcut 

dz    dz 
tirer  de  ces  c'quations  les  derivees  partielles  y-t,  - .-.     Differentiant  pour  ccla  la 

premiere  pur  rapport  i\  .r,  en  supposaut  «  fonction  de  a,  y,  z,  il  vient 

dx        dz  dx        da  dx 
ou  simplement  d'apres  Tequation  (8), 


So;  ""  «fc  c^  ""     ' 
et  on  obtiendrait  do  meme  : 

''/  +  <V  d~  =  0> 

d)j        dz  dy 

Or  nous  n'avons  plus  dans  ces  relations  les  derivecs  dcs  functions  arbitraires 
par  rapport  an  parametre,  et  nous  en  tirerons  les  quantites  chercbes  it1',  y, 

....  exprimees  an  moyen  sculcment  de  A,  B,  .  .  .  L,  en  observant  que    ~rj 

par  exemple,  e'tant  uno  fonction  ciitieromcnt  deterininee  de  <v  et  y,  que 
j'appellerai  pour  un  moment  0  (,r,  ?/),  on  aura 

d0       dd    ,   .   dd    , 

=    ~  07  +        y  ; 
dz       dx  dy 

d'ou  Ton  voit  qu'on  devra  ecrirc 
d 


, 
>v          d^  ^ 

et  pareillcnicnt 


d^/dz\  _    d>z     j      d2z    , 
'dz  \d~y)        dx<ly  X       d>f  tj  ' 


D'apres  cela  en  representant  suivant  1'usago,  les  derivecs  partiellcs  du  pre- 
mier ordre  par  p  et  g  ;  celles  du  second  ordre  par  r,  «,  t,  nous  aurons  pour 
determiner  a?'  et  y',  ccs  deux  equations  : 


et  il  cst  clair  qu'en  continuant  de  difforenticr  par  rapport  a  z,  on  formera  de 
proche  en  proche,  les  derivees  de  x  ct  y  jusqu'a  un  ordro  quclconque  n  —  1, 
avec  cette  circonstance  quo  les  derivees  partiellcs  de  z  jusqu'a  Tordre  n  seront 
introduites  dans  leurs  expressions.  II  en  result  c  qu'en  les  substitnant  dans 
les  relations  (4),  (5),  (6),  etc.,  on  sera  conduit  a  tin  systeme  de  n  equations 
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cntrc  ces  derivees  partielics  et  Ics  qnantites  a,  A,  B,  .  .  .  L.     Nous  pouvons 
done  en  y  joignant  cellcs-ci, 


offectucr  IVliminatiou  da  paranietre  et  dcs  n  fonctions  arbitrages ;  c'est  lo 
riMultat  chcrche  qui  est  ainsi  une  equation  aux  differences  partiellcs  d'ordre  n. 
Nous  aliens  en  faire  rapplicatiou  a  deux  exemples  tires  de  la  geometrie,  apres 
avoir  remarquo  quo  Ics  equations  ci-dcssus,  on  ,r'  et  ?/',  jointes  a  la  relation 
(4)?jp.v'-f  £//'  — 1=0,  donncnt  par  Feliminatiou  dc  x  et?/',  la  condition  A  =  0, 
A  etaut  lo  determinant  du  systemo  suivant : 


Mais  si  on  ajoute  aux  formes  do  la  premiere  et  do  la  secondo  colonne  hori- 
zontale  ceux  do  la  troisieme,  multiplies  d'abord  par  p  et  ensuite  par  <j,  on  aura 
plus  simplcment  A  =  B"  — d  en  posant : 


Co  rosulfat  pent  s'obtcnir  directomcnt  d'une  manierc  tres-facilo  ;  je  me  bonie- 
rai  a,  en  faire  P  application  d'abord  aux  surfaces  develo])pables  enveloppe  des 
positions  d'un  plan  mobile  :  z  -f  a  r  +  A//  -f  B  =0,  cc  qui  donnc  immodiatemont 
A  =  r,  E  =  5,  C  =  /  d'ou  par  consequent  Tequation  si  connue  :  52  —  r/  =  0. 
Soit  on  second  lieu  les  surfaces  canaux,  onveloppc  des  positions  d'une 
sphere  dc  rayon  constant, 

O-AV  -f  (//-B)2  4-  (r-«)  ==  «% 
dont  lo  centre  decrit  line  courbc  quelconque.     On  obtiont  alors 


et  le  parametrc  sVlimine  an  moyen  des  relations 

,r»A  +  (r-a)j)  =  0,     ?/-B  +  (r-o)2== 
qui  donnent  en  substitunnt  dans  Tequntion  do  la  sphere, 


Do  la  resulte  Tequation  aux  differences  partielles  du  second  ordro  : 
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Nous  no  nons  sommos  occupes  jusqu'ici  de  la  formation  des  equations  aux 
differences  partiellcs  quo  dans  le  cas  cVime  fonction  de  deux  variables. 

Considerons  maintcnant  par  cxemplo  uno  fonction  u  de  .r,  y,  z,  en  la 
delinissant  par  ccs  trois  equations,  ou  cntrent  denx  parametrcs  a,  /3,  ct  nn 
nombre  quelconque  u  dc  functions  arbitraires  A,  B.  .  .  .  L,  de  ces  para- 
metres,  savoir : 

</>  (,r,  y,  f, v,  a,  |3,  A,  B, . . .  L)=0, 

^Or,y,r,w,o,/3,A,B,...L)  =  0, 
0  (.r,  y,  r,  w,  a,  /J,  A,  B, .  . .  L)  =  0. 

LYlimination  dcs  fonctions  arbitrages  s'effectuera  par  la  memo  methode  quo 
precedemment,  ct  donnora  pour  resultat  inic  equation  nux  differences  parti- 
olles  d'ordre  n.  La  memo  conclusion  s'obticndra  anssi  en  considerant  les 
relations : 

/(.r,  y,  z,  u,  a,  /3,  A,  B, . . .  L)  =  0,     J-  =  0,     j|  =  0. 

Mais  olio  n'a  plus  lieu,  si  Ton  po=u3  seulemeut  deux  equations  avcc  un  scul 
paranietre  variable,  savoir : 

0(.r,  y,  s,  vy  0,  A,  B, . . .  L)  =  0,     ^/(.r,  y,  -,  u,  a,  A,  B, . . .  L)=0 ; 

car  alors  on  pent  former  uuc  equation  aux  differences  partielles  d'ordro  ti, 
rcprosontant  le  resultat  dc  IVlimiiiaiion  d'un  nombre  de  fonctions  arbitraires 

de  a  superieur  ii  n,  et  egal  u   -- — ^~-  -.     Lorsquc  le  nombre  des  quantites 

A,  B, .  .  .  L  n\kst  point  compris  dan?  cette  formule,  s'il  est  e^al  <\  4  par  ex- 
omplc,  do  sortc  cpi'on  ne  j)iiiv^se  pas  oi>tenir  une  ecjuation  mix  derivees  ]>ar- 
tielles  du  second  ordre,  on  parviendra  en  introduisant  les  derivees  du  troisiemo 
ordrc,  H  plusicurs  relations  distincles  an  lieu  d'unc  seulc.  ('ette  circonstancc 
quc  presenter  souvcnt  1 'elimination  des  fonctions  arbitraires,  montre  qtfon 
doit  attacher  unc  grande  importance  aux  formes  analyiiques  ou  r elimination 
donne  lieu  ii  une  conclusion  precise,  a  unc  seule  et  uni(]ue  equation  aux 
differences  pnrtielles  ;  et  tel  a  etc  le  motif  qui  m\a  fait  entreprcndrc  ee3 
recbercbes  dont  je  prie  r  Association  Britannic^ue  de  vouloir  bicn  agrecr 


Report  on  the  Discovery  of  Fossil*  hi  certain  remote  parts  of  the 
North-western  Highlands.     By  WILLIAM  JOLLY. 

A  LIMESTONE  runs  from  Durness  and  LocbEribol,  in  tbc  north  of  Sutherland, 
with  varying  thickness  but  more  or  less  continuity  south  by  Loch  Afore.  Tnchna- 
damph,  Ullapool,  and  Loch  Afarce,  to  Kishorn  near  Loch  ('arron,  where  it  dies 
out  on  the  mainland.  This  limestone  rests  on  a  thick  deposit  of  quartzite, 
and  this  again  on  the  red  sandstone  of  the  west  coast.  All  of  these  rocks 
enter  into  some  of  the  grandest  scenery  of  the  North-western  Highlands. 

These  rocks  were  considered  unfossiliferous  till  1855,  when  Mr.  Peach 
made  his  great  discovery  of  those  fossils  in  the  Durness  limestone  which 
were  classed  by  Mr.  Salter  as  Silurian,  and  the  discovery  of  which  enabled  Sir 
B,  Murchison  to  complete  his  classification  of  the  rocks  of  the  jN",W,  of  Scot- 
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land.  These  fossils  were  discovered  in  tho  limestone  of  Durncss,  where  they 
arc  numerous,  and  where  more  have  since  then  been  found.  This  Durncss 
limestone  forms,  geographically,  an  isolated  basin,  lying  to  tho  west  of  the 
great  strike  of  limestone  which  runs  from  Eribol  to  Skyc.  In  this  detached 
deposit  only  have  fossils  been  found,  witli  the  rarest  exceptions,  to  bo  named 
below.  It  is  important,  therefore,  that  organic  remains  should  bo  found,  if 
such  exist,  in  the  grout  lino  of  strike,  in  order  to  determine  whether  this 
last  limestone  is  fossiliferous  or  not,  and  also  whether  tho  Durness  lime  was 
deposited  under  tho  sumo  or  under  different  conditions.  It  was  for  the 
purpose  of  making  diligent  search  along  this  great  line  of  deposit,  that  a 
grant  was  asked  and  obtained  last  year  from  tho  Association ;  ns  also  for  the 
discovery  of  moro  perfect  specimens,  and,  if  possible,  new  species,  from  I  he 
Durness  lime,  in  order  to  determine  more  precisely  the  relations  these  fossils 
bear  to  the,  Silurian  and  other  systems,  than  could  bo  made,  iiom  tho  sped, 
mens  submitted  to  Air.  Sailer  in  I.S3S. 

Since  the  Edinburgh  Meeting  last  year,  search  has  boon  instituted  along 
this  great  strike  of  limestone  at  1)urno*s,  Loch  Eribol,  Tnclinadamph, 
Elphin,  and  lunlochewe,  and  will  be  made  at  Ullapool  and  Loch  Kishorn. 
At  these  points,  certain  clergymen,  teachers,  and  other  gentlemen  have  kindly 
consented  to  do  what  they  can  towards  the  discovery  of  fossils,  so  that  more 
systematic  search  will  now  be  made  than  heretofore,  (rood  results  may  be 
anticipated,  if  not  in  the  discovery  of  fossils,  at  least  in  greater  certainty  as 
to  the  presence  or  absence  of  organic  remains  in  these  remrukablc  rocks. 

At  DUUNKSS,  in  July  of  last  year,  many  tine  fossils  were  obtained,  through 
tho  efforts  of  some  members  of  the  Committee  and  their  friends,  from  a  re- 
markable island  of  limestone  near  Capo  Wrath,  called  Elian  (Jam.1.  These 
fossils  were  shown  at  tho  Meeting  in  Edinburgh,  and  \UTO  pronounced  by 
Mr.  Poach  much  liner  than  any  ho  had  sec  n  from  the  same  locality.  They 
have  been  secured  as  the  nucleus  of  a  collection  for  the  Association.  A  col- 
lection of  lino  specimens  was  also  made  by  a  student  resident  in  the  district, 
for  Professor  Nicol,  of  Aberdeen,  who  now  has  thorn  in  his  possession.  This 
island  is  so  difficult  of  act  ess,  except  in  tho  very  calmest  weather,  that  wo 
wore  unable  to  land  both  this  your  and  la*t.  In  June  of  this  year,  along 
with  some  friends,  1  landed  on  a  rocky  headland  of  limestone,  on  the  west  sido 
of  tho  Ivyle  of  Durncss,  whoro  fossils  are  oxposod  on  the  weathered  surfaces 
of  tho  limestone  in  remarkable  numbers,  and  I  obtained  some  good  speci- 
mens. Several  gentlemen  in  tho  neighbourhood  have  kindly  agreed  to  make 
diligent  search  in  the  Durncss  limestone  at  various  points,  and  one  of  them 
has  also  kindly  allowed  the  use  of  his  boat  for  this  purpose ;  so  that  good 
work  will  bo  done  at  tho  least  possible  expense. 

LOCK  EiUHor,. — Xo  fossils  ha\o  yet  been  discovered  in  tho  extensive  lime* 
stone  rocks  on  Loch  Eribol.  An  Orthooeratitu  was  presented  to  the  Jenny n- 
Stroot  Museum  by  Sir  H.  Murcbison,  which  he  got  from  Mr.  (.'lark,  of  Eribol 
House.  This  Orthoceratite  is  unique,  aa  being  the  only  organism  found  in 
the  quart  zito.  It  was  not,  however,  found  in  s/f?(,  nor  at  the  spot  marked 
by  Sir  Roderick  in  bin  paper  in  tho  'Geological  Journal'  of  August  I860, 
vol.  xvi.,  but  was  picked  up  in  a  detached  piece  of  rock  between  Eribol 
HonflO  and  the  loch  to  the  west.  Lime-works  have  been  established  on  Loch 
Eribol  on  tho  limestone  peninsula,  of  Hoilim,  and  q naming  has  been  dono 
in  connexion  with  those,  but  as  yet  no  fossils  have  boon  found.  These  ope- 
rations afford  nu  unwonted  opportunity  for  their  discovery,  and  tho  strictest 
watch  is  to  be  kept  by  the  lessee. 

INCHNADAMPH. — In  the  immense  development  of  limestone  at  the  head  of 
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Loch  Assynt  no  fossil  has  yet  hccn  discovered,  except  two  by  Mr.  Peach  in 
the  stinking  limestone  above  the  manse  near  Inchnadamph.  One  of  these 
was  an  Orthocerailte.  I  spent  some  time  on  this  limestone  this  year, 
but  was  unsuccessful,  except  in  finding  a  piece  that  may  turn  out  to  be 
organic.  Mr.  Peach's  discovery  shows  that  fossils  may  be  found  here ;  and 
the  pariah  teacher  is  to  make  search  during  next  year. 

ELPHJX  is  situated  not  far  from  the  splendid  limestone-cliff  of  Oaig-an- 
Knockan,  figured  by  both  Murchison  and  Nic,ol  iu  their  papers  on  these  rocks. 
Here  the  limestone  is  largely  developed,  and  has  been  quarried  at  various 
points.  The  teacher  of  the  Society  school  is  to  look  for  fossils. 

Near  ULLAPOOL,  on  Loch  Broom,  tbere  has  been  a  good  deal  of  quarrying 
for  lime-burning,  and  the  sections  are  extensive.  Something  may  be  dis- 
covered there.  Search  will  be  made. 

At  KTNLOCHEWE,  at  the  head  of  Lock  Maree,  there  is  not  so  much  lime- 
stone exposed  as  in  other  parts.  The  Free  Church  teacher  there  is  to  devote 
his  spare  time  to  a,  search  ;  but  much  cannot  be  looked  for,  as  the  limestone 
is  in  contact  with  igneous  rocks,  in  Glen  Logan,  where  it  is  found. 

At  LOCH  KISIIOKX  there  is  a  large  exposure  of  limestone  along  the  lo:-h 
near  Courthill.  This  will  be  submitted  to  careful  search. 

In  this  way  the  whole  line  of  strike  of  this  limestone  from  N.  to  8.  will  be 
examined  by  intelligent  men,  who  have  kindly  find  earnestly  entered  into  the 
work,  and  we  consider  ourselves  fortunate  in  having  secured  such  cooperation. 
The  Committee  confidently  hope  that  by  next  Meeting  they  will  be  en- 
abled to  present  to  the  Association  a  good  collection  of  organic  remains  from 
these  interesting  rocks ;  or,  at  least,  to  have  done  something  that  will  contri- 
bute to  greater  certainty  as  to  whether,  and  to  what  extent,  these  rocks  are 
fossiliferous  or  not. 


Report  of  the  Committee  on  Earthquakes  in  Scotland.  The  Committee 
consists  o/Ur.  BHYCK,  F.G.S.,  Sir  W.  THOMSON,  F.R.S.,  D.  MILNE- 
HOME,  F.R.S.E.,  and  J.  BROUOH. 

As  Convener  of  the  Committee  on  Earthquakes  in  Scotland,  I  have  to  report 
that  the  last  year  has  passed  without  any  incident  coming  within  the  scope 
of  this  inquiry ;  there  has  not  occurred  any  sensible  disturbance  in  the 
Comrie  district,  or  oscillation  of  the  lakes  in  the  neighbourhood,  such  as 
those  recorded  in  former  lleports.  In  other  parts  of  Scotland  the  same 
freedom  from  earthquake-movements  has  prevailed.  .Hut  this  state  of 
quiescence  is  not  likely  to  continue ;  and  the  attention  of  the  Committee 
has  been  turned  to  the  remedying  of  those  defects  which  from  time  to 
time  are  apt  to  occur  with  instruments  long  in  use,  and  to  the  extension 
of  the  means  of  observing  to  other  localities  suitably  placed  for  the  pur- 
pose. The  accomplishment  of  this  object  renders  necessary  some  more  simple 
means  of  noting  shocks  than  any  which  have  hitherto  been  applied  by  the 
Committee.  The  seismometer  belonging  to  the  Association,  which  now 
occupies  the  tower  of  the  parish  church  of  Comrie,  is  of  too  complex  con- 
struction, and  takes  up  too  much  room,  to  be  applicable  except  in  a  few 
peculiar  localities.  Some  simple  and  cheap  method  of  indicating  earthquake- 
movements  is  thus  much  to  be  desired.  Any  apparatus  for  tho  purpose 
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should  occupy  small  space,  bo  little  liable  to  derangement,  capable  of  being 
put  up  in  any  ordinary  apartment  not  of  special  construction,  and  its  indica* 
tions  such  as  any  intelligent  person  could  easily  interpret  and  readily  note. 
The  Committee  are  now  anxiously  considering  what  instrumental  means 
will  best  combine  these  several  requisites  and  advantages,  and  what  stations 
would  be  most  suitable  to  select  in  extending  the  area  of  the  inquiry.  Mean- 
while the  seismometer  of  tho  Association,  which  is  the  invention  of  the  late 
Principal  Forbes,  is  kept  in  proper  working  order  at  Conine,  whore  also  the  first 
supplemental  indicator  will  be  set  up.  Principal  Forbos's  son,  Mr.  Geo.  Forbes, 
Edinburgh,  who  has  gained  some  practical  acquaintance  with  earthquake  in- 
struments at  Naples,  has  been  taken  into  their  counsels  by  the  Committee,  and 
they  have  now  to  request  that  Mr.  Forbes  be  added  to  their  number. 

(Signed)         J  VMJ:S  HRYCE,  M.A.,  LL.l).,  Convener. 

P.S. — "During  the  Session  of  tho  Association  at  Brighton  an  earthquake  of 
considerable  severity  occurred  in  the  Coinrie  district,  of  which  an  account 
will  bo  given  next  year. — J.  U. 


Fourth  Report  of  the  Committee  appointed  to  investigate  th<>  Structure 
of  Carboniferous- Limestone  Corals.  The  (Committee  consists  of 
JAMES  THOMSON,  F.G.M.,  and  I'rotVssor  HAKKNESS,  F.R.K. 

AT  the  Liverpool  Meeting  of  tho  Uritish  Association  th<4  Committee  reported 
that  they  hoped,  by  means  of  a  new  process,  to  produce  representations  of 
the  most  delicate  internal  structures  of  corals  of  the  Carboniferous  series. 
The  necessity  of  such  a  process  forced  itself  on  the  Committee  by  the  circum- 
stance that  none  of  the  existing  methods  of  representing  corals  reproduced 
faithfully  the  details  of  their  internal  structure. 

Tho  photographs  of  the  Carboniferous  corals  exhibited  at  the  Liverpool 
Meeting  represented  these  details  in  some  of  their  most  delicate  forms. 
This  result  had  been  obtained  by  the  transmission  of  light  through  their 
sections  ;  and  subsequent  investigations  have  led  us  to  inter  that  there  are 
no  better  means  than  that  of  photogiaphy  for  reproducing  generic  details. 
Great  expense,  however,  attends  this  process  ;  and  as  it  is  also  a  very  slow 
one,  experiments  have  been  made  in  order  that  the  same  satisfactory  result 
might  bo  more  readily  and  less  expensively  obtained. 

At  the  Edinburgh  Meeting  they  were  unable  to  lay  before  Section  C  the 
same  number  of  results  as  at  the  previous  Meeting;  but  they  had  so  far 
succeeded  as  to  be  able  to  produce  two  plates,  although  they  were  not  so 
perfect  as  was  desirable  :  they  were,  however,  sufficiently  successful  to 
justify  the  Committee  in  asserting  that  u  more  simple  and  less  expensive 
process  was  available.  In  tho  application  of  this  process  the  Committee 
have  been  ably  assisted  by  Mr.  Reekie,  the  artist  employed  by  them  in 
engraving  the  copper-plates. 

During  the  past  year  the  investigations  of  the  Committee  have  been  eon-* 
tinned  with  increasing  interest.  They  have  now  made  seel  ions  of  upwards 
of  1300  specimens,  and  have  been  able  to  add  considerably  to  this  branch  o£ 
Palucontology. 

In  their  Report  presented  to  the  Liverpool  Meeting  ninety-two  forms  were 
alluded  to  ;  and  these  presented  characters  sufficiently  distinct  to  justify  tliQ 
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Committee  in  adding  them  to  those  previously  described  by  MM.  Milne-Edwards 
and  Jules  Haime.  By  this  addition,  the  number  of  British  Carboniferous 
corals  amounts  to  156  species. 

From  the  forms  which  have  been  recently  sliced,  and  also  from  those  of 
former  years,  the  Committee  have  ascertained  that  among  these  species  from 
300  to  400  varieties  occur,  an  increase  which  is  so  great,  and  the  variations 
so  minute,  that  it  becomes  difficult  to  determine  specific  characters  among 
these  corals. 

The  gradations  of  the  varieties  are  in  some  cases  so  constant,  and  pass 
so  imperceptibly  into  each  other,  that  they  induce  the  inference  that  there 
has  been  an  inherent  tendency  in  the  polyp  to  vary  independent  of,  but  to 
be  modified  by,  the  conditions  of  its  surroundings. 

The  forms  occurring  in  deposits  which  have  resulted  from  deep  water  are 
not  only  more  symmetrical  in  outline,  but  also  more  perfect  in  their  internal 
structure  than  such  as  are  met  with  in  strata  formed  in  shallow  water, 
where  they  have  been  exposed  to  the  constant  shiftings  and  abrading  influence 
of  shore  deposits. 

In  the  case  of  such  forms  as  occur  in  a  matrix  originally  in  the  state  of 
fine  mud,  these  are  small  in  size  ;  and  they  seem  to  have  been  gradually 
exterminated  by  the  impurity  of  the  water,  arising  from  the  increase  of  the 
fine  sedimentary  matter  originally  held  in  suspension. 

Many  of  the  specimens  which  have  been  sliced  are  found  to  be  perfectly 
useless  from  their  imperfect  state  of  fossilization.  Some  reveal  structural 
characters  not  previously  noticed  by  authors  in  this  branch  of  Palaeontology ; 
it  is  desirable  that  these  should  be  studied  further  before  a  complete  classi- 
fication of  this  group  of  animal  life  is  attempted. 

The  classification  of  corals  has  in  some  instances  been  based  upon  external 
aspects ;  in  others  on  the  number  and  form  of  the  septa.  The  number 
and  arrangement  of  the  lamellae  which  pass  from  the  inner  margin  of  the 
primary  septa  and  fill  up  the  columellarian  space  have  also  been  adopted  as 
bases  of  classification. 

Some  writers  regard  the  form  and  position  of  the  dissepiments  of  the 
endotheca  as  of  specific  importance ;  and  some  rest  generic  and  specific 
distinctions  upon  the  presence  or  absence  of  the  columellarian  line  which 
passes  from  the  inferior  to  the  superior,  and  terminates  in  the  centre  of  the 
calice.  Observations,  however,  justify  us  in  inferring  that,  although  these 
several  characters  are  of  importance,  they  cannot  be  depended  upon  for 
specific  determinations. 

During  the  last  fifteen  years  no  less  than  10,000  specimens  have  been 
sliced,  many  of  which  show  structural  differences  in  character  from  such  as 
have  been  accepted  as  of  specific  importance,  which  induce  us  to  conclude 
that  further  examinations  are  necessary  before  determining  even  a  variety. 

It  has  been  stated  that  the  columellarian  line  has  been  accepted  as  of 
generic  value.  In  a  new  group  of  corals,  which  will  form  the  subject  of 
an  extensive  memoir,  this  line  is  developed,  in  some  instances,  near  the 
inferior,  and  in  others  it  occurs  only  in  the  superior  portion  of  the  coral. 

The  dissepiments  filling  up  the  interseptal  space  are  in  some  forms  angular, 
in  others  subangular  and  rectangular.  We  have,  however,  recognized  these 
several  outlines  in  the  same  form,  and  cannot,  therefore,  accept  the  outline 
of  the  dissepiments  as  of  specific  importance. 

In  the  case  of  the  mftuber  of  lamella?  also,  some  forms  present  the  lamell® 
in  one  part,  while  in  another  part  of  the  same  coral  the  space  is  filled  up 
by  tubulee. 
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Concerning  the  number  of  the  septa,  this  can  hardly  be  regarded  as  of 
value,  since  this  number  is  dependent  on  age  and  surrounding  conditions 
during  the  growth  of  the  polyp. 

In  order  that  some  definite  rule  may  be  obtained  as  a  guide  in  the  classi- 
fication of  corals,  it  is  proposed  to  select  generic  types,  and,  after  making 
sections  of  these  through  different  parts,  to  exhibit  their  structure  in  plates, 
from  the  ova  to  their  mature  forms  ;  and  it  is  only  when  this  is  faithfully 
done  that  we  can  hope  to  determine  where  a  species  begins  and  a  variety  ends. 

We  have,  in  conclusion,  to  thank  the  British  Association  and  many  kind 
friends  for  the  assistance  rendered  us,  and  hope  for  its  continuance  until  this 
laborious  but  interesting  investigation  be  completed,  as  we  are  satisfied  that 
results  will  be  obtained  commensurate  with  the  time  and  expense  which  the 
work  has  cost  during  the  last  fifteen  years. 

A  sum  considerably  in  excess  of  the  grant  having  been  expended,  the 
Committee  have  to  ask  that  a  further  grant  of  £*2o  be  placed  at  their  disposal 
for  continuing  the  investigation. 


Report  of  the  Committee,  consisting  of  J.  F.  BATE  MAN,  C.E.,  F.R.S., 
P.  LE  NEVE  FOSTEU,  M.A.,  C.  W.  MKKRI  FIELD,  F.R.ti.,  K.  EASTON, 
F.G.S.,  F.  J.  BKAMWKLL,  C.E.,  W.  HOPE,  V.C.,  and  H.BAVEUMAN, 
F.G.S.j  appointed  to  consider  the  mode  in  which  new  Inventions  and 
Claims  for  Reward  in  respect  of  adopted  Inventions  are  examined 
and  dealt  with  by  the  different  Departments  of  Government,  and  to 
report  on  the  best  means  of  removing  any  real  causes  of  dissatisfac- 
tion, as  well  as  of  silencing  unfounded,  complaints. 

HAVING  regard  to  the  evidence1  taken  by  the  Committee  of  the  House  of 
Commons  on  the  subject  of  the  Patent  Laws,  in  1S71  and  1-S72,  on  the  rela- 
tions between  inventors  and  the  Government,  as  well  as  to  complaints  made 
in  Parliament  and  elsewhere,  your  Committee  were  of  opinion  that  they  had 
before  them  sufficient  information  **  as  to  the  mode  in  which  new  inventions, 
and  claims  for  reward  in  respect  of  adopted  inventions,  are  examined  and 
dealt  with  by  the  different  departments  of  Government."  They  therefore 
did  not  think  it  necessary  or  desirable  to  examine  witnesses  on  the  subject. 

The  Committee  considered  it  fully  established  that  the  present  methodical 
mode  of  dealing  with  inventions  submitted  to  the  different  departments  of 
Government  was  uncertain  and  unsatisfactory  in  itself,  frequently  unjust  to 
inventors,  and  generally  detrimental  to  the  public  administration.  They 
considered  it  established  to  their  satisfaction,  that  real  injustice  was 
frequently  done  to  inventors,  not  only  by  neglect  and  procrastination  in 
dealing  with  their  claims,  but  also  by  the  undue  preference  of  other  con- 
flicting claims  urged  by  officers  of  the  different  departments.  Without  enter- 
ing into  the  merits  of  any  cases  in  point,  it  appeared  beyond  doubt  that  the 
practical  judges  of  the  inventions  have  been  very  often  rival  inventors  within 
the  departments.  The  Committee  considered  it  obvious  that  this  placed  both 
the  inventor  and  departmental  officers  in  a  false  position,  and  that  the  con- 
sequent decisions  could  be  satisfactory  to  nobody.  As  matter  of  evidence, 
they  considered  that  these  departmental  decisions  had  failed  to  give  satisfac- 
tion either  to  inventors  or  to  the  public. 
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It  remained  for  the  Committee  to  consider  and  report  on  the  best  means 
of  removing  "  any  real  causes  of  dissatisfaction,  as  well  as  of  silencing  un- 
founded complain  ts." 

The  Committee  are  of  opinion  that  the  primary  means  of  effecting  this 
object  is  to  bring  the  adjudication  of  these  claims  within  a  jurisdiction  inde- 
pendent of  the  administration  of  departments  of  the  public  service.  As  long 
as  the  Patent  Law  remains  as  at  present,  the  Committee  arc  of  opinion  that 
the  only  satisfactory  method  of  determining  what  compensation  should  bo 
given  to  inventors,  in  cases  where  the  Government  makes  use  of  their  inven- 
tions, is  to  have  recourse  to  arbitration.  Any  inventor  whose  patented  in- 
vention is  used,  or  believed  to  be  used,  by  any  Government  official,  or  agent 
under  Government  authority,  should  bo  at  liberty  to  apply  to  the  proper 
Government  department,  stating  what  is  the  invention  used,  and  how  and 
where,  and  requesting  that  the  application  be  referred  to  the  decision  of  two 
arbitrators,  who  shall  be  appointed,  one  by  the  applicant  and  one  by  tho 
Government  department,  with  power  to  appoint  an  umpire,  and  that  the 
proceedings  bo  assimilated  to  ordinary  compensation  cases. 

The  Committee,  hoping  that  the  recommendations  of  the  House  of  Commons 
Committee  will,  at  an  early  period,  be  made  tho  subject  of  legislation, 
recommend  that  steps  be  taken,  by  petition  to  Her  Majesty  or  otherwise,  to 
make  the  grant  of  lloyal  Letters  Patent  for  inventions  of  effect  as  regards  the 
servants  and  officers  of  the  Crown  in  the  same  way,  and  to  the  same  extent, 
as  Letters  Patent  arc  of  effect  as  regards  all  others  of  Her  Majesty's  subjects. 

Your  Committee  feel  that,  if  in  every  case  officials  appointed  to  investigate 
new  inventions  were  required  to  affix  their  signatures  to  their  reports,  very 
beneficial  results  would  follow,  as  the  personal  responsibility  thus  attaching  to 
them  would  ensure  their  full  attention,  arid  deter  them  from  rejecting  hastily, 
or  on  insufficient  grounds,  any  proposition  or  invention  brought  before  them. 

The  Committee  consider  that  their  Eeport  would  be  incomplete  if  they  did 
not  call  attention  to  an  Act  for  preserving  secrecy  in  the  case  of  inventions 
connected  with  warfare. 

This  Act  is  the  22nd  Vic.,  cap.  1 3.     Its  principal  provisions  are  : — 

Section  1.  Improvements  in  instruments  or  munitions  of  war  may  bo 
assigned  by  inventors  to  Secretary  of  State  for  War. 

Section  2.  Foregoing  enactment  may  extend  to  assignments  already  made. 

Section  3.  Secretary  of  State  for  War  may  certify  to  Commissioners  of 
Patents  that  the  invention  should  be  kept  secret. 

Section  4.  Where  he  so  certifies,  petition  for  letters  patent  to  be  left  with 
Clerk  of  Patents,  under  seal  of  Secretary  of  State. 

Section  5.  Such  packet  to  be  kept  sealed. 

Section  6.  To  bo  delivered  on  demand  to  Secretary  of  State  or  Lord 
Chancellor. 

Section  7.  At  expiration  of  patent  to  be  delivered  to  Secretary  of  State. 

Section  8.  Where  Secretary  of  State  certifies  after  filing  of  petition,  docu- 
ments already  filed  to  be  put  into  sealed  packet. 

Section  9.  Copy  not  to  be  sent  to  Scotland  or  Ireland,  nor  published,  but 
otherwise  provisions  of  Patent  Acts  to  apply. 

Section  10.  No  scire  facius  to  be  brought. 

Section  11.  Secretary  of  State  may  waive  benefit  of  Act. 
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Report  of  the  Committee  for  discussing  Observations  of  Lunar  Objects 
suspected  of  Change.  The  Committee  consists  of  the  Rev.  T.  W. 
WEBB,  the  llcv.  ROBERT  HARLEY,  F.R.S.,  and  EDWARD  CROSSLEY, 
Secretary. 

TIIK  Committee  have  pleasure  in  presenting  their  Second  Report  on  the  above 
subject.  It  will  be  remembered  that  the  Report  of  last  year  was  confined 
principally  to  the  discussion  of  the  possible  variations  of  visibility  of  the 
numerous  spots  and  eratcrlets  upon  the  floor  of  Plato  under  the  same  condi- 
tions of  illumination.  That  now  presented  is  directed  chiefly  to  the  discus- 
sion of  the  various  streaks  and  bright  patches  which  interlace  the  spots  and 
craterlets. 

One  interesting  and  important  change  ha-  been  fairly  shown—  the  floor  of 
Plato  becomes  darker  with  the  increase  of  the  sun's  altitude.  "Mr.  Lirt  has 
suggested  an  explanation  of  this  phenomenon.  Whatever  be  tho  true  cause 
of  tiiis  change,  it  is  very  difficult  to  account  for  it  by  the  ordinary  laws  of 
reflection.  When  we  consider  the  varying  aspect  of  the  streaks  at  the  same 
time  of  the  luni-solar  day,  we  cannot  but  think  that,  with  careful  observations 
made  with  powerful  instruments,  siu  h  as  the  Xewall  Refractor  and  many 
others,  we  may  be  able  to  confirm  or  otherwise  a  physical  explanation  of 
these  curious  changes  involving  the  existence  of  certain  gases  and  vapours 
upon  the  surface  of  the  moon. 

The  Committee  can  only  look  upon  the  study  of  Lunar  Physics  as  in  its 
infancy,  and  they  trust  that  in  future  years  the  Association  will  not  overlook 
this  important  branch  of  astronomical  inquiry. 

llcport  OH  the  Discussion  of  Observations  of  Streaks  on  the  Surface  of  the 
Ltuwr  Crater  Plato.     By  W.  R.  Biur. 

In  completing  the  task  assigned  to  me  of  discussing  the  observations  of  the 
streaks  on  the  floor  of  Plato,  1  have4  been  desirous  of  including  every,  oven 
the  most  minute,  circumstance  bearing  on  the  exhibition  of  phenomena  that 
may  possibly  illustrate  the  condition  of  a  small  portion  of  the  moon's  surface 
at  the  epoch  ISO!)  April  to  1871  April.  Drawing  my  conclusions  from  the 
experience  of  twelve  years,  I  feel  that  I  may  confidently  say  it  will  be  some 
years  before  another  series  of  observations  of  a  particular  region  will  bo 
undertaken  with  the  view  of  so  closely  examining  the  spots  and  streaks  cha- 
racteri/ing  it,  unless  a  staff  of  efficient  observers  be  organized  with  the  pro- 
vision of  a  fund  sufficiently  ample  to  defray  all  the  necessary  expenses.  Tho 
work  is  a  difficult  one.  The  staff  should  consist  of  not  less  than  six  devoted 
observers,  who  would,  independently  and  most  probably,  as  in  the  present 
case,  work  with  instruments  of  varying  aperture  and  carefully  record  all 
their  observations.  The  principal  qualification  is  a  keen  eye  for  the  apprecia- 
tion of  delicate  variations  of  tint,  and  the  detection  of  minute  spots  of  light 
with  a  readiness  of  referring  them  by  estimation  and  alignment  to  the  respec- 
tive localities  of  the  region  on  which,  they  are  seen.  The  observations  should 
not  be  allowed  to  accumulate,  but  should  be  forwarded  at  once  to  an  experi- 
enced selenogrupher  charged  with  the  work  of  arranging  and  discussing  them. 
Taking  into  consideration  the  results  of  the  discussion  of  the  present  and 
previous  years  embodied  in  the  two  Reports,  it  appears  that  in  order  to  con- 
firm these  results,  and  to  open  up  new  investigations  in  other  regions  of  the 
moon's  surface,  the  requisite  time  cannot  well  be  fixed  at  lees  than  three 
years — five  would  most  probably  afford  the  best  results. 
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The  results  of  the  present  work  may  be  briefly  characterized  as  confirming, 
by  a  direct  reference  to  the  sun's  altitude  above  the  horizon  of  Plato,  the  sup- 
position that  variations  of  tint  in  some  measure  depend  on  increasing  and 
decreasing  altitudes.  The  ascending  and  descending  branches  of  the  curve 
obtained  from  independent  estimations  of  tint  by  the  several  observers  are 
sufficiently  near  those  of  the  sun's  altitude  to  enable  me  to  delineate  a  nor- 
mal curve  representative  of  the  sun's  influence  in  darkening  the  floor  of  Plato, 
or  else  in  overspreading  it  with  something  of  the  nature  of  a  dark  covering,  as 
his  rays  strike  the  surface  at  the  increased  angle  of  about  40  degrees.  While 
this  darkening  influence  conies  out  most  unmistakably,  there  are  variations 
in  the  lighter  and  darker  portions  of  the  floor  which  seem  quite  irreconcile- 
able  with  solar  influence  of  a  gradual  character.  The  treatment  of  the  obser- 
vations under  intervals  of  the  luni-solar  day  fails  to  bring  out  any  regularity 
in  these  variations,  and  it  is  only  by  treating  the  observations  chronologically 
that  the  true  sequence  of  the  changes  can  be  detected.  To  do  this  for  every 
separate  streak  would  not  only  swell  this  Koport  to  an  unseemly  length,  but 
would  consume  more  time  than  can  be  devoted  to  the  inquiry.  I  have, 
nevertheless,  considered  separately  the  changes  which  were  observed  in 
August  1869;  and  in  order  to  assist  in  showing  more  distinctly  these  changes 
and  their  connexion  inter  se,  I  have  introduced  the  hypothesis  of  a  dark 
obscuring  medium.  Not  that  1  lay  any  stress  upon  a  mere  hypothesis  of  this 
kind ;  it  serves  to  connect  the  observations,  and  that  is  all ;  it  may  or  it 
may  not  bo  true,  and  should  therefore  be  held  very  lightly.  In  addition  to 
this  examination  of  the  distribution  of  the  light  and  dark  spaces  on  the  floor, 
I  have  traced  from  day  to  day  the  appearances  of  a  single  streak,  that  desig- 
nated a,  from  its  first  detection  in  September  1 800  to  the  close  of  the  obser- 
vations; and  to  show  more  conclusively  that  the  variations  manifested  by  this 
and  neighbouring  streaks  were  not  dependent  upon  the  same  solar  influences 
which  contributed  to  the  darkening  of  the  iloor,  T  have  arranged  all  the  ob- 
servations bearing  upon  them  in  the  order  of  intervals  of  the  luni-solar  day. 
The  principal  divisions  of  the  present  Keport  are: — 1 ,  the  influence  of  the  sun 
on  the  floor  of  Plato ;  2,  an  examination  of  changes  recorded  in  August 
1869  ;  3,  the  history  of  streak  a  ;  and  4,  observers'  notes  arranged  in 
intervals  of  the  luni-solar  day,  and  embodying  generally  the  results  of  the 
two  years'  observations. 

It  may  contribute  to  a  better  understanding  of  the  nature  of  the  streaks, 
their  connexion  with  the  spots,  and  their  variability,  if  the  physical  charac- 
teristics of  Plato  be  described.  \Vchuvc  : — First,  a  mountain-cinctured  plain, 
of  about  sixty  miles  in  diameter,  the  wall  rising  to  the  average  height  of 
nearly  4000  English  feet.  This  wall  is  surmounted  at  four  points  by  needle- 
like  pinnacles  of  rock,  which  rise  to  a  further  elevation  of  3000  feet,  so  that 
their  summits  attain  the  height  of  about  7000  feet  above  the  plain,  which  is 
not  strictly  level,  the  border  having  suffered  from  dislocation,  which  has 
raised  the  floor  in  a  direction  from  S.E.  to  N.W.  Second,  two  systems  of 
streaks,  as  seen  between  April  1869  and  April  1871.  They  are  related  to  the 
"  fault "  produced  by  dislocation.  The  8.W.  system  consists  of  the  "  trident," 
the  N.E.  of  the  streaks  (3,  77,  and  y  (see  flg.  1).  These  two  systems,  which 
are  opposite  in  direction,  are  intimately  connected  with  certain  spots  in  their 
respective  neighbourhoods,  the  S.W.  radiating  from  spot  No.  1.  Of  the  N.E. 
system,  streak  /3  emanates  from  spot  No.  3,  ??  from  spot  No.  4,  arid  y  from 
spot  No.  6.  The  most  prominent  streak  on  the  floor  is  the  sector  which  takes 
its  rise  from  spot  No.  4,  but  has  occasionally  been  seen  in  the  opposite  direc- 
tion, extending  as  far  as  spot  No.  3.  The  S.E.  portion,  that  extending  to  the 


OBSERVATIONS  OF  LUNAR  OBJECTS, 


247 


S.E.  border  from  spot  No.  4,  has,  under  very  favourable  circumstances,  been 
seen  by  two  independent  observers  at  two  different  epochs  as  separate  streaks 
radiating  from  spot  No.  4  (see  fig.  15,  p.  285).  Third,  the  N.W.  portion  of 
Plato,  containing  spots  Nos.  13,  19, 16, 33,  and  35,  and  characterized  during 
the  period  of  the  observations  by  greater  alternations  of  brightness  and  changes 
in  the  forma  of  the  streaks  than  obtained  on  any  other  part  of  the  floor. 
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Enumeration  of  Strfah. 

South-west  area.    System  S.W.  of  the  fault  crossing  Plato. 
».  The  trident,  very  rarely  seen  complete  (see  figs.  5,  p.  252,  6  and  7,  p. 
£.  The  S,E.  arm  of  trident,  its  apparent  origin  spot  No.  1  . 


254) 


248  REPORT — 1872. 

€.  The  central  arm  of  trident,  apparent  origin  spot  No.  1. 

e.  The  N.W.  arm  of  trident,  apparent  origin  spot  No.  1. 

8.  The  narrow  streak  forming  the  S.E.  bifurcation  in  the  neighbourhood  of 
the  N.W.  arm  of  the  trident. 

8.  The  N.W.  bifurcation  in  the  same  locality,  a  narrow  streak. 

South  area.     S.W.  of  the  fault  crossing  Plato. 

p.  A  streak  parallel  with  the  south  border.  It  was  first  seen  by  Mr.  Pratt 
on  May  13,  1870.  See  Report  British  Association,  1871,  pp.  88-91  ;  also 
History  of  Streak  a,  concluding  paragraph,  -post,  p.  267. 

South-east  area.     N.E.  of  the  fault  crossing  Plato. 

I).  The  sector  originating  at  spot  No,  4,  of  a  furrowed  character,  ns  seen 
under  the  most  favourable  circumstances. 

I.  A  branch  from  the  east  side  of  the  sector,  running  towards  the  south- 
east. 

North-east  area.     System  N.E.  of  the  fault  crossing  Plato. 

ft.  The  streak  emanating  from  spot  No.  3. 
77.  The  streak  emanating  from  spot  No.  4. 
y.  The  streak  emanating  from  spot  No.  0. 

d.  The  stem  of  the  trident,  its  apparent  origin  spot  No.  1.  Tt  is  but 
rarely  seen. 

s.  A  curved  streak  seen  by  Mr.  Pratt  on  August  28,  1 869. 

North  area.     N.E.  of  the  fault  crossing  Plato. 

k\  A  slightly  curved  streak  cast  of  spot  No.  16 ;  its  northern  portion  is 
coincident  with  a. 

a.  The  straight  streak  cast  of  Webb's  Elbow. 

q.  A  branch  from  K  crossing  the  locality  of  n,  seen  only  by  Mr.  Pratt, 
August  28,  1  869. 

North-west  area.     S.W.  of  the  streak  crossing  Plato. 

X.  A  straight  streak  nearly  aligning  with  ft  (see  fig.  16,  p.  286). 

p.  A  shorter  streak  parallel  with  \  (see  fig.  16,  p.  286). 

c.  A  curved  streak  directed  towards  the  N.W.  arm  of  trident. 

0.  The  continuation  of  o,  west  of  Webb's  Elbow. 

1.  Webb's  Elbow  (see  fig.  1,  p.  247). 

>'.  A  short  streak  parallel  with  Webb's  Elbow,  seen  once  only  (see  fig.  16, 
p.  286). 

Streaks  but  rarely  seen. 

f.  A  short  streak  on  the  west  part  of  the  floor,  seen  by  Elger  in  1866. 
ff.  A  long  streak  on  the  west  part  of  the  floor,  seen  by  Birt  in  1 863. 

h.  A  short  streak  on  the  N.W.  part  of  the  iloor,  seen  by  Elger  in  1866. 
The  north-eastern  part  would  socm  to  be  a  continuation  off. 

n.  A  streak  crossing  the  iloor  from  N.N.E.  to  H.S.W,  through  spot  No.  1, 
seen  by  Birt  in  1860  and  1863,  also  by  Pratt  on  April  12,  1870,  and  March  3, 
1871  (see  post,  pp.  281  and  282).  Both  in  interval  96  to  108  hours. 

The  above  enumeration  has  been  drawn  up  with  an  especial  view  to  the 
connexion  existing  between  the  spots  and  streaks.  There  are  a  few  points 
worth  notice,  particularly  as  regards  the  streaks  :  one  is,  their  appearing 
brightest  nearest  the  border  of  Plato ;  another,  assuming  that  they  have 
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their  origin  in  spots,  that  they  extend  from  higher  to  lower  ground ;  and  a 
third,  their  sharp  and  definite  character  on  some  occasions  contrasted  with 
their  extreme  delicacy  on  others.     Mr.  Pratt,  under  date  of  November  9, 
1869,  wrote  as  follows  : — "  As  far  as  I  can  remember,  L  have  always  forgotten 
to  say  Jww  delicate  th<?  chief  parts  of  the  trident  are ;  they  arc  most  delicate." 
In  the  Observers'  Notes  (sGGpost,  pp.  272  to  298)  there  arc  numerous  instances 
recorded  of  the  difficulty  of  detecting  the  stem  and  arms  of  the  trident  in  the 
neighbourhood  of  spot  No.  1,  and  often  of  their  complete  disappearance.     On 
the  other  hand,  observers  frequently  speak  of  the  sharp  definition  of  certain 
streaks.     As  regards  the  connexion  between  the  spots  and  streaks,  in  the 
case  of  the  largest  spot,  No.  1,  which  is  situated  on  the  highest  part  of  tho 
floor,  it  appears  highly  probablo  that  the  three  arms  and  stem  of  the  trident 
arc  connected  with  it  much  in  tho  same  way  as  streams  of  lava  are  connected 
with  the  volcanic  orifice  from  which  they  issue  ;    the  varying  intensity  of 
brightness  of  the  arms  is  greatly  in  accordance  with  the  supposition  of  their 
being  the  results  of  intermittent  emanations  from  an  orifice  of  this  kind,  of 
which  tho  cone  is  spot  No  1.     The  spot  ranking  next  to  No.  1  is  No.  4, 
which  appears  to  be  of  almost  tho  same  character  as  No.  1,  the  main  differ- 
ence being  its  troqnent  hftzy  appearance,  which  on  some  occasions  is  very 
marked.     From  this  spot  three  distinct  streams  appear  to  issue  : — First,  tho 
sector,  which  is  usually  seen  to  spread  out  from  it  in  a  fan-shape  ;  very  rarely 
the  fan  of  blight  ness  has  been  seen  striped,  as  if  the  slope  from  spot  No.  4  to 
the  S.E.  border  were  furrowed.     Generally  the  brightness  extends  as  far  as 
tho  border,  where  three  spots  have  been  (although  rarely)  seen;  and  on  one 
occasion  a  dark  space,  as  if  occasioned  by  n  cloud,  covered  them,     tit'cowl, 
the  streak  rj9  extending  to  the  N.E.  border  :    this  streak  very  frequently 
exhibits,  in  common  with  the  arms  of  the  trident,  a  fading  of  the  portion 
between  the  coiio  and  the  border,  so  that,  the  portion  near  the  border  is 
usually  the  brightest.     Third,  a  streak  mentioned  only  as  an  extension  of 
the  sector  from  spot  No.  4  to  spot  No.  ft  ;  it  is  not  often  seen.     The  disposi- 
tion of  the  three  streams  indicates  very  probably  the  cluttinJs  in  which  any 
ojeeta  may  have  descended  from  the  orifice,  and  iu  which  such  ejccta  may 
have  so  accumulated  as  to  have  produced  the  appearance  of  " spurs''  noticed 
by  Mr.tyratl  (see  Keport  lirit.  Assoc.  IS71,  p.  *>.">).    On  either  side  N.\\r.  and 
S.E.  of  spot  No.  4  are  tho  spots  Nos.  ft  and  (>.     The  three  are  situated  upon, 
the  N.K.  slope  from  the  "  fault,"  and  from  No.  ft  (which,  by  the  way,  is  a 
group  of  three  openings)  issues  the  streak  /3,  and  from  No.  (5  the  streak  y. 
The  near  parallelism  of  the  streaks  /3,  rj,  and  y  results  most  probably  from 
the  positions  which  the  spots  from  which  they  issue  occupy  on  the  sloping 
ground. 

The  north-west  part  of  tho  floor  offers  a  very  decided  contrast  to  every 
other  portion,  character! zed,  us  it  has  boon  during  the  two  years,  by  consider- 
able alternations  of  brightness,  as  well  as  alterations  in  the  forms  of  the 
streaks  found  upon  it.  The  connexion  between  the  spots  and  streaks,  to 
which  attention  has  been  directed,  is  well  marked  ;  but  here  in  the  N.\V.  area 
it  is  difficult  to  detect  such  a  connexion,  if  it  exists.  The  principal  spots  arc 
Nos.  1ft,  19,  and  1(5 ;  and  these  lie  in  the  principal  streak  of  the  district,  and 
do  not  appear  us  orifices  from  which  distinct  streaks  issue.  In  whatever  the 
peculiarity  of  this  portion  of  Plato  consists,  it  is  one  that  should  be  most 
assiduously  watched  and  every  phenomenon  witnessed  on  it  most  carefully 
recorded. 

The  observations  had  proceeded  with  great  care  during  a  period  of  more 
than  twelve  months,  when  a  new  streak  made  its  appearance  between  spots 
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Nos.  5  and  14.  Some  months  afterwards  a  continuation  of  thi8  streak  east- 
ward of  No,  5  was  observed,  and  very  lately  it  has  heen  seen  between  Nos. 
14  and  22  ( p,  fig.  1,  on  p,  247).  A  very  remarkable  characteristic  of  this 
streak  is  its  parallelism  with  the  south  border.  Taking  all  the  circumstances 
of  the  observations  into  account,  it  can  scarcely  be  doubted  that  this  is  a  new 
streak,  the  eastern  and  western  portions  being  connected  with  spot  No.  5, 
and  the  further  continuation  westward  with  spot  No.  22. 

If  it  should  be  well  established  that  new  streaks  make  their  appearance 
from  time  to  time,  we  may  be  able  to  understand  that  many  recorded  differ- 
ences from  the  older  delineations  are  to  be  referred  not  so  much  to  errors  of 
the  earlier  stenographers,  as  to  real  changes  in  the 
objects  themselves;  for  example,  this  very  area  of 
Plato  is  figured  by  Beer  and  Madler,  in  the  first 
edition  of  the  large  map,  as  being  crossed  from  N.  to  S. 
by  four  light  streaks,  as  in  the  annexed  sketch,  fig.  2. , 
That  Madler  actually  saw  these  four  streaks  there  can  \ 
be  little  doubt,  as  they  are  distinctly  mentioned  in 
1  Der  Mond/  That  they  are  not  in  existence  at  present 

is  quite  certain ;  for  the  disposition  of  the  streaks  is  now™  . 

3>a>          p        ji    L  /»         ii-n  i  •»!•••  11         i  lato, — l 

very  different  from  that  figured  by  Beer  and  Madler. 

I. 

INFLUENCE  OF  THE  STTN  ON  THE  FLOOR  OF  PLATO. 

Previous  to  an  examination  of  certain  non-periodic  changes  of  brightness, 
colour,  and  the  forms  of  streaks,  it  is  essential  to  ascertain  the  normal  varia- 
tions of  tint  as  dependent  upon  the  gradual  increase  and  decrease  of  the  sun's 
altitude  before  and  after  the  sun's  meridian  passage.  This  has  been  ascer- 
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Curre  of  variation  of  tint  on  the  floor  of  Plato. 


tained  by  noting  the  tint  of  the  floor  in  accordance  with  the  directions 
specified  on  the  form  for  receiving  the  records  of  the  observations.  A 
medium  tint  has  been  regarded  as  the  mean  line,  and  its  value  fixed  at  0-50  ; 
and  as  the  curve  of  the  sun's  altitude  consists  of  an  ascending  and  a  descending 
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branch,  and  also  as  the  floor  becomes  darker  as  the  sun  ascends  higher, 
an  ordinary  light  tint  has  been  fixed  at  0*33,  and  a  dark  tint  at  0-66  ;  very 
light  and  very  light  indeed  have  been  registered  provisionally  lower  than 
0-33,  and  very  dark  and  very  dark  indeed  higher  than  0-06,  so  as  to  give  a 
range,  as  regards  Plato,  of  TOO.  The  actual  range  resulting  from  133  obser- 
vations in  two  years  is  0-41,  and  the  range  of  solar  altitude  at  the  equinoxes 
on  the  parallel  of  50°  is  40°.  The  chromatic  range  very  nearly  coincides 
with  that  of  altitude,  and  the  connexion  between  the  tint  of  the  floor  and 
tho  effect  either  of  light  or  heat  is  plain  and  unmistakable.  The  floor 
must  therefore  consist  of  material  capable  of  becoming  darker  by  exposure 
to  light  and  heat,  or  it  must  possess  a  covering  that  may  possibly  be  affected 
in  the  same  way.  The  inflexions  of  the  chromatic  curve  indicate  rather 
considerable  variability,  especially  in  the  deepening  of  the  tint,  which 
hardly  accords  with  a  permanent  surface  being  heated  by  definite  and 
regular  increments  of  heat :  and  it  would  also  appear  that  tho  solar  effect  is 
not  fully  attained;  for  although  the  ranges  of  both  curves  are  very  nearly 
equal,  a  mean  chromatic  curve  drawn  with  a  free  hand  would  indicate  an 
average  lighter  floor  than  that  which  a  regular  heating  might  be  expected  to 
produce.  So  far  as  the  writer  is  aware,  this  is  the  first  attempt  to  indicate 
numerically  the  chromatic  effect  of  light  or  heat,  or  both,  upon  the  moon's 
surface.  It  has  long  been  known  that  the  grey  plains  appear  darkest  under  a 
high  sun,  but  the  knowledge  of  the  nature  of  the  progression  has  been  vague 
and  undefined.  It  is  greatly  to  be  desired  that  other  spots,  especially  in 
lower  latitudes,  should  be  observed  in  the  same  way;  but  some  time  must 
necessarily  elapse  before  observations  of  them  could  be  compared  with  those 
of  Plato. 

II. 

Ax  EXAMINATION  01?  CHANGES  UKCORDIU)  ix  AUGUST  18(59. 

These  changes  were  recorded  in  four  carefully  executed  drawings  of  the 
floor  of  Plato  by  Mr.  Pratt.  They  exhibit,  first,  a  rapid  alteration  of  the 
distribution  of  the  light  and  dark  portions  of  the  floor  between  the  16th  and 
17th  of  August,  and  a  more  gradual  but  slight,  yet  still  perceptible,  change 
from  the  17th  to  the  USth.  Calling  the  figures  in  their  order  4,  5,  (>,  and  7, 
and  starting  with  the  assumption  that  the  permanent  colour  of  the  floor  is 
light  (see  Section  on  the  influence  of  the  suu  on  the  floor  of  Plato),  we  may 
trace  the  changes  between  each  of  the  observations,  remarking  at  the  outset 
that  the  spots  arc  presumed  to  be  permanent  as  to  their  positions  on  the 
floor. 

Fig.  4,  August  H>,  1K09,  exhibits  a  disposition  of  the  darker  shading 
entirely  detached  from  tJte  border  on  every  side.  The  shape  is  roughly  that  of 
a  \V, — the  western  leg  being  the  widest,  with  spots  Nos.  14,1,  and  19  just  on 
its  border ;  the  dark  space  forming  the  middle  leg  extending  from  beyond 
No.  1 7  to  beyond  No.  3,  both  spots  being  involved  in  it ;  and  the  eastern 
leg  very  near  the  east  border,  having  spot  No.  (>  on  its  western  edge.  Seven 
spots  arc  given  on  the  drawing,  viz.  Nos.  14,  1,  6,  and  19,  just  on  the  border 
of  the  darker  portion,  Nos.  3  and  17  in  its  midst,  and  No.  4  on  the  light 
portion. 

Theorizing  merely  as  a  help  to  connect  and  interpret  the  phenomena 
observed,  and  assuming  that  the  lighter  tint  is  that  of  the  floor  and  the  dark 
tint  that  of  a  something  which  varies  in  position,  the  nature  of  which  we 
have  yet  to  learn,  we  have  in  fig.  4  its  disposition  on  August  16,  1869.  Of 
the  shading  of  the  floor  on  this  day  Mr.  Pratt  thus  writes : — "  This  was  more 
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curious  than  I  had  Been  it  before,  and  totally  different  from  my  former 
sketches." 

Fig.  5,  August  17,  1869. — In  this  figure  we  see  a  very  considerable  exten- 
sion of  the  dark  portion  of  the  floor,  the  spot  No.  6  still  marking  the  position 


Fig.  4. 


Plato,  1869,  August  10.— II.  Pratt. 


Plato,  18(30,  August  17.— E.  Pratt, 


of  the  western  edge  of  the  eastern  leg  of  the  AV  of  the  10th.  On  the  17th  we 
find  this  leg  had  extended  quite  to  the  eastern  border ;  indeed  the  whole  of 
the  northern  boundary  of  the  dark  portion  had  become  extended  to  the  N., 
N.W.,  and  \V.  border ;  at  the  same  time  the  opening  between  the  eastern 
and  middle  legs  unveiling  the  lighter  floor  (?)  had  become  extended,  so  as  to 
include  spots  Nos.  3  and  19,  and  to  exhibit  (?)  spot  No.  1)5.  If  this  were  so, 
it  could  only  have  been  effected  by  a  separation  of  the  darker  substance, 
whatever  it  was,  which,  spreading  outwards  towards  the  border  of  Plato,  pro- 
duced the  different  configuration  observed  on  the  1 7th.  This  opening  from 
the  S.W.  part  of  the  iloor  to  the  east  border  and  sector  was  seen  by  Mr. 
Gledhill  on  September  25,  1800  (sco  post,  p.  295,  and  fig,  9,  p.  203). 

In  the  southern  part  of  the  floor  we  have  another  opening,  apparently  in 
the  neighbourhood  of  spot  No.  1,  which  joined  the  opening  effected  in  the 
northern  part  at  its  western  end,  the  N.W.  arm  of  trident  e ;  and,  simultane- 
ously with  this  opening,  the  dark  substance  near  spot  No.  3  overspread  a 
portion  of  the  opening  between  the  western  and  middle  legs,  by  which  the 
stem  and  north-western  arm  of  the  trident  was  produced. 

That  part  of  the  darker  portion  just  S.\V.  of  spot  No.  1  must  have  under- 
gone the  greatest  change  in  its  disposition,  inasmuch  as  not  only  was  an 
opening  made  from  No.  1  to  beyond  No.  1 4,  but  the  substance  itself  must 
have  increased  ;  for  there  can  be  no  doubt  that  the  area  covered  by  the  darker 
portion  on  the  17th  exceeded  that  covered  on  the  10th,  The  effect  of  this 
extension  was  the  production  of  the  S.E.  and  middle  arms  of  the  trident,  or, 
at  least,  the  rendering  of  them  apparent  as  compared  with  the  10th. 

Looking  at  the  position  of  spot  No.  1  in  connexion  with  the  three  arms  of 
the  trident,  can  it  be  possible  that  emanations  from  this  crater  tended  to 
preserve  the  radiating  openings  marked  by  the  figure  so  well  observed  from 
the  17th  to  the  28th  inclusive? 

In  reference  to  August  17,  Mr.  Pratt  has  the  following  remarks : — "  This 
[the  floor]  was  very  remarkable  :  resolved  to  give  it  especial  attention,  and, 
after  some  application,  succeeded  in  adding  piece  to  piece  till  a  sketch  was 
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completed,  very  strange  in  comparison  with  last  night's  sketch.  Its  form, 
complicated  as  it  was,  was  very  carefully  traced  in  the  drawing,  and  repeat- 
edly seen  afterward**,  but  so  delicate  that  it  was  impossible  to  see  the  whole 
at  once.  It  required  to  be  traced  out  by  minute  attention."  Compare  Mr. 
Pratt's  drawings  (figs.  5,  6,  and  7)  with  Mr.  GledhilTs  of  September  25  (fig. 
9,  post,  p.  2013). 

In  comparing  Mr.  Pratt's  sketches  of  August  10  and  17,  the  transition  in 
the  25  hours  is  very  remarkable;  indeed  so  much  HO  as  to  indicate  that  some 
extraordinary  change  had  come  over  the  iloor  in  the  interim :  the  disposition 
of  light  arid  dark  is  almost  entirely  different,  yet  I  think  1  can  trace  the 
effect  of  "  action  "  on  tho  iloor.  On  the  1  (5th  the  lighter  portion  affected  the 
border,  the  darker  portion  being  entirely  separated  from  it.  The  northern 
boundary  of  tho  dark  portion  took  the  form  of  tho  streak  c  and  »:,  which  was 
plainly  seen  on  the  17th,  with  a  dark  portion  on  its  north.  Had  the  streuk 
o  and  ic  a  motion  southward  from  the  north  border  between  the  two  observa- 
tions? Again,  on  tho  17th,  c,  the  N.W.  arm  of  the  trident,  was  riot  sepa- 
rated from  c.  It  would  appear  that  the  markings,  as  seen  on  the  17th,  were 
evolved,  from  the  peculiar  and  remarkable  disposition  of  the  light  and  dark 
portions  peen  on  the  Kith.  It  will  he  seen  further  on  that,  as  the  observa- 
tions proceeded,  tho  light  portion  was  not  unfrequontly  noticed  to  he  in  con- 
tact with  the  north  bonier. 

18  W),  August  20.— Mr.  Glodhill  described  the  floor  as  darker  than  the 
surface  of  any  of  the  Maria  =  (WJ  ;  the  sector  faint  and  all  spots  taint.  On 
the  same  day  Mr.  Pratt  thus  graphically  describes  his  seeiugn: — "Tho 
shading  on  the  tloor  of  Plato  is  quite  a  study,  and  a  perplexing  one ;  some- 
times, when  tho  air  is  disturbed,  a  light  sector  (»S.K.  pail),  like  Mr.  Hirt's 
key-plan,  is  alone  visible.  Again,  in  a  few  minutes  two  streaks  from  Anaxa- 
goras  would  seem  to  cross  tho  Iloor,  as  sketch  May  1?-,  1>OJJ ;  then,  again, 
between  the  two,  a  third  narrower  streak  appeared,  similar  to  Webb's  copy  in 
*  Celestial  Objects  ; '  and  as  definition  improved,  a  light  marking  near  the  north 
rim  (K)  was  seen  ;  and  again  a  change,  and  tho  appearance  is  decidedly  the 
same  as  on  the  17th  of  August,  a  near  approach  to  Mr.  Knott's  sketch. 

"  These  different-  appearances  were  reobserved,  in  all  their  curious  dis- 
Bolving-view-like  changes,  several  times  over,  thus  beautifully  showing  the 
harmony  that  may  possibly  exist  between  the  most  dissimilar  observations, 
and  strongly  suggestive  (to  my  own  mind)  that  the  fonn  of  tho  shadiny  on 
tho  floor  is^v?wni<  nt,  and  that  the  various  degrees  of  visibility  of  its  more 
difficult  features  is  owing  to  the  relative  changes  in  the  medium  through 
which  we  see  it — whether  of  the  earth's  atmosphere  alone,  or  of  an  obscuring 
medium  on  the.  floor  itself,  must  be  determined  by  comparison  with  similar 
and  simultaneous  observations  in  different  parts  of  tho  world.  Thus  within 
two  hours  I  several  times  saw  four  greatly  differing  aspects  of  the  shading  on 
the  floor,  viz.  B.  &  M/s,  Mr.  Birt's,  Mr.  Knott's,  and  my  own/' 

ISM),  August  121. — Mr.  (Jledhill  recorded  the  tint  of  tloor  as  dark  as  that 
of  the  Mare  Crisium,  and  that  the  light  sector  was  fairly  seen. 

Fig.  (>,  August  &J,  1SI5J). — We.  find  in  this  figure  the  wtinsion  and 
gathering  up  of  the  dark  portion  still  in  progress,  although  to  a  very  small 
extent  as  compared  with  the  "action''  of  the  Uith  to  17th.  The  northern 
light  portion  was  seen  separated  from  the  N.W.  arm  of  the  trident,  and  an 
opening  made  from  spot  No.  6  to  the.  S.E.  border,  apparently  by  the  action 
of  tho  spot.  Some  additional  spots  were  seen  on  the  2i5rd — viz.  No.  5  on  the 
west  border  of  the  S.E.  arm  of  the  trident.  No.  2:2  on  the  N.W.  arm,  No.  lt> 
on  the  northern  opening,  and  No.  7  near  the  east  border. 
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On  this  day  (August  23)  Mr.  Gledhill  described  the  bounding  lines  of  the 
light  sector,  when  produced,  as  cutting  two  craters  outside  and  above  Plato, 
and  the  sector  itself  as  "faint,  but  luminous  and  well  seen."  Mr.  Pratt's 
record  is  as  follows: — "The  floor  was  seen  as  on  the  20th  inst.,  similar  to 
Mr.  Knotty ;  other  markings  of  a  more  complicated  character  were  very 


Plato,  1869,  August  ;#.— H.  Pratt.  Plato,  1809,  August  28.— H.  Pratt. 

strongly  suspected.  The  trident-shaped  marking  a  little  more  slender  and 
elongated  N.E.  and  S.W.  than  in  my  sketch  of  the  20th  inst.,  probably  an 
error  in  drawing  its  first  appearance.  On  this  drawing  I  have  the  following 
remark : — '  N.W.  arm  of  trident  separated  from  curved  streak  by  a  narrow 
neck  of  dark  surface.  The  stem  as  on  the  17th.' " 

1869,  August  25. — Mr.  Gledhill  described  the  floor  as  "  not  so  dark  as  the 
upper  part  of  Grimaldi." 

1869,  August  26. — Mr.  Pratt  writes :  "  Shading  on  floor  visible,  precisely 
as  in  sketch  of  the  23rd  of  August,  1869 — viz.  the  long  streak  from  the  N.W. 
round  by  N.  and  crossing  S.E.,  with  the  ray  I  towards  the  middle  of  II  E  *  a, 
and  the  trident-shaped  marking  on  the  S.W.  part  of  the  floor,  with  the 
streak  [stem  of  trident,  d]  extending  halfway  from  spot  No.  1  to  No.  4." 

1869,  August  27. — Mr.  Gledhill  described  the  light  sector  as  a  very  faint 
object.  Spot  No.  3  easily  seen  double,  and  the  floor  but  little  darker  than 
'  tfie  Mare  Imbrium. 

1869,  August  28.— Mr.  Pratt's  record  is  as  follows :— "  The  shading  of 
the  floor  was  seen  as  on  the  23rd  of  August,  with  the  addition  of  the  apparent 
continuation  of  the  streak  (d)  from  spot  No.  1  to  spot  No.  4,  and  a  curved 
streak  commencing  abruptly  at  the  shadow  of  the  rock  liupes  Smythii  (B. 
<fe  M.'s  £),  not  sketched,  and  continued  towards  spot  No.  3,  and  joining  the 
streak  along  the  north  side  of  the  floor."  These  features  are  exhibited  in 
fig.  7 ;  the  opening  forming  the  stem  of  the  trident  is  seen  extending  as  far 
as  the  "  Sector,"  and  a  new  opening,  apparently  a  continuation  of  the  northern 
opening,  extending  north  of  spot  No.  7  towards  the  east  border. 

The  hypothesis  suggested  as  an  explanation  of  the  variations  depicted  in 
Mr.  Pratt's  drawings  recognizes  the  darker  portion  of  the  floor  as  possessing 
an  obscuring  character,  and  subject  to  changes  which  do  not  affect  the  lighter. 
Although  looking  at  this  hypothesis,  as  set  forth  in  the  above  remarks,  as 
explaining  the  variations  observed  by  Mr.  Pratt,  yet  it  is  difficult  to  divine 
the  nature  of  the  darker  portion,  as  it  appears  to  absorb  light  rather  than 
reflect  it.  It  is  noteworthy  that  it  is  the  darker  portion  of  the  floor  that 
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varies  its  tint  to  the  greatest  extent.  There  are  further  phenomena  which 
require  explanation  ;  neither  the  light  nor  the  dark  tints  are  seen  at  sunrise 
or  sunset,  but  a  greenish  tint  characterizes  the  floor  at  thoso  times.  It  is 
when  the  sun  attains  an  altitude  of  30°  that  hoth  the  light  and  dark  tints 
appear;  and  it  has  been  especially  noted  that  when  the  craterlets  assume 
the  appearance  of  white  spots,  the  sun  is  usually  about  30°  high.  All  the 
phenomena  hitherto  observed  on  Plato,  except  the  variations  in  the  visibility 
of  the  spots,  and,  it  may  bo,  in  the  visibility  of  the  streaks  also,  depend  upon 
solar  influence. 

In  order  to  guide  future  inquiry,  it  may  probably  be  useful  to  present  an 
enunciation  of  the  principal  features  of  the  hypothesis  employed  in  explain- 
ing the  above-recorded  variations  as  bearing  upon  the  lighter  and  darker 
markings  of  lunar  plains  generally. 

The  hypothesis  is  based  upon  the  l^noiun  properties  of  gases  and  their 
affections  by  heat.  Being  well  acquainted  with  phenomena,  the  proximate 
causes  of  which  are  understood,  we  may  proceed  to  the  study  of  other  pheno- 
mena of  which  the  loci  are  inaccessible  to  us,  but  which,  being  Jcnoivable, 
we  may  also,  by  observation  and  induction,  become  acquainted  with  their 
causes. 

We  know  that  the  effect  of  heat  on  all  bodies  whatever  is  to  vaporize  them, 
and  this  vaporization  proceeds  at  all  temperatures,  low  as  well  as  high.  Wo 
also  know  that  vapours  behave  as  permanent  gases,  arc  diffused  through 
them,  are  clastic  like  them,  and  are  expanded  as  they  are  by  successive  in- 
crements of  heat.  We  further  7<  now  that  vapours  of  even  solid  substances 
attain  a  state  of  maximum  density  in  given  volumes  of  gases  dependent  upon 
temperature  ;  and  our  knowMye  extends  a  step  further,  viz.  that  when  the 
temperature  of  a  given  volume  of  gas  is  diminished  below  the  point  of 
maximum  density  of  any  particular  vapour,  the  superabundant  vapour  is 
condensed  and  cloud  or  dew  are  formed,  and  this  alike  of  metallic  as  well  as 
of  liquid  substances.  Now,  bearing  in  mind  these  four  results  cognizant  by 
us,  the  conclusion  seems  to  be  irresistible, — (1 )  that  the  sun  shining  on  the 
moon's  surface  must  vaporize  the  materials  of  which  it  is  composed  ;  (2)  that 
the  vapours  thus  raised  from  the  surface  must  be  dissimilar,  inasmuch  as 
the  different  reflective  powers  of  different  parts  of  the  surface  indicate  the 
existence  of  different  materials  composing  the  surface;  (,'})  that  the  different 
vapours  resting  on  the  solid  surface  act  upon  each  other  and  upon  the  ma- 
terials of  the  surface  itself,  so  that  diffusion  takes  place,  and  maximum  den- 
sities are  attained  as  the  temperature  both  of  the  surface  and  of  the  vapours 
increase;  (4)  that  the  expansibility  of  the  vapours  raised  above  the  surface 
by  the  accumulated  heat  of  at  least  177  hours  of  uninterrupted  sunshine 
must  produce  ascensional  currents  of  the  liberated  vapours,  carrying  them 
into  colder  regions,  where  condensation  occurs,  and  cloud  or  rnist  is  formed ; 
(;">)  that  the  attraction  of  gravitation  acting  on  the  condensed  vapours  causes 
them  to  descend  into  warmer  regions,  where  they  are  dissolved  ;  and  as  the 
temperature  declines  less  vapour  is  raised,  and  the  features  of  the  surface 
become  unobscured. 

A  very  pertinent  question  may  here  be  asked.  Is  this  hypothesis  capable 
of  substantiation,  or,  upon  examination,  is  it  likely  to  be  found  destitute  of 
proof?  In  reply  it  may  bo  asked,  Do  the  darker  markings,  which  appear  to 
be  formed  some  time  after  sunrise  upon  the.  floor  of  Plato,  partake  of  the 
nature  of  clouds  ?  and  are  these  clouds  perforated  and  separated  by  elastic 
vapours  rising  from  a  surface  heated  by  an  exposure  to  sunlight  of  48  hours 
or  more,  in  consequence  of  which  its  reflective  powers  become  stronger,  pro- 
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ducing  the  lower  lighter  surface?  The  difficulty  in  this  supposition  is  the 
dark  upper  surfaces  of  the  hypothetical  clouds.  If  we  can  find  a  vapour 
which,  when  illuminated  by  the  sun,  appears  darker  than  the  ordinary  sur- 
face of  a  cloud  of  condensed  aqueous  vapour  in  sunlight  (which,  by  the  way, 
shines  with  about  the  same  luminous  intensity  as  the  moon's  surface),  wo 
shall  be  in  a  fair  way  of  explaining  the  difficulty.  The  green  colour  which 
is  witnessed  at  sunrise  and  sunset  is  probably  the  natural  colour  of  the  floor 
of  Plato,  which,  under  tho  accumulated  heat  of  tho  solar  rays,  reflects  a 
lighter  tint ;  at  the  same  time  the  condensed  vapour  overspreads  the  lighter 
floor  below,  giving  rise  to  the  appearances  wo  witness. 

In  applying  this  hypothesis  to  the  explanation  of  tho  phenomena  presented 
by  Linne,  it  is  necessary  to  remark  thai  we  have  a  shallow  basin  surround- 
ing a  cone.  The  earliest  appearance  is  that  of  the  cone  standing  out  from 
the  dark  surface  around,  the  next  of  a  white  spot,  inoro  or  less  of  a  cloudy 
character,  surrounding  and  hiding  the  cone.  If  the  above-enunciated  hypo- 
thesis be  correct,  it  would  explain  the  Linne  phenomena  thus — at  sunrise 
the  features  are  well  marked,  as  neither  a  liberation  of  gas  nor  its  condensa- 
tion has  taken  place  :  as  the  sun's  altitude  increases,  the  surface  around 
Linne  becomes  heated,  reflects  more  light,  and  a  spot  is  formed  at  the  same 
time  in  the  lower  levels;  the  condensation  of  liberated  vapour  not  far  above 
the  surface  produces  the  generally  observed  dark  appearance  of  tho  Mare, 
obscuring  on  many  occasions  spots  and  craters.  Tho  remarkable  instance 
of  the  contraction  of  the  white  spot  around  Linne  in  June  1867  may  be 
explained  by  tho  condensed  vapour  rising  higher,  so  as  lo  leave  a  smaller 
area  of  the  upper  part  of  the  cone  visible  ;  or  if  it  were  at  an  elevation  equal 
to  about  the  summit  of  the  cone  of  Linne,  a  partial  cessation  of  the  liberation 
of  elastic  vapour  would  allow  it  to  gather  around  the  cone,  to  be  dispersed 
by  a  further  eruption  of  vapour  or  gas  from  the  orifice  of  the  cone. 

On  the  22nd  of  September,  1871,  I  received  a  letter  from  Mr.  Elger,  in 
which  he  says: — "Your  letter  of  the  18th,  relating  to  the  markings  on  the 
floor  of  Plato,  has  greatly  interested  me,  inasmuch  as  you  therein  suggest  a 
theory  to  account  for  the  remarkable  appearances  observed,  which  seems  to 
me  to  be  well  worth  careful  consideration.  Doubtless  the  sun's  heat  during 
the  long  lunar  day  must  cause  vaporization  on  the  moon's  surface,  and  sub- 
sequent condensation  of  tho  various  vapours  raised  follows  as  a  matter  of 
course.  So  far  we  have  a  vera  causa  which  would  account  for  a  great  deal, 
if  we  could  only  show  that  the  v((pours  raised  are  sufficiently  dense  to  produce 
VISIBLE  effects :  it  is  highly  probable  that  they  are  so,  or,  at  all  events,  we 
may  suppose  that  the  varying  visibility  of  such  delicate  objects  as  the  spots 
on  the  floor  of  Plato  is,  to  a  certain  extent,  accounted  for  in  this  way ;  but  I 
would  submit  that,  in  the  case  of  the  markings,  it  is  difficult  (if  the  dark 
spaces  between  the  markings  are  the  upper  surfaces  of  masses  of  vapour 
hovering  over  tho  floor,  and  of  course  varying  in  altitude  from  hour  to  hour) 
to  account  for  the  feet,  that  since  the  year  18(>(5  the  light  streaks  have 
altered  so  little  in  shape  and  position.  It  seems  to  me  that  if  they  were 
merely  openings  in  the  dense  vapour,  they  would  not  only  vary  in  position 
from  lunation  to  lunation,  but  changes  would  take  place  from  hour  to  hour, 
which  could  hardly  be  overlooked  by  observers  with  powerful  instruments : 
Linne  is  a  case  in  *point.  The  observation  of  June  1807  is  in  perfect  har- 
mony with  your  theory ;  indeed  the  phenomena  presented  by  this  remark- 
able formation  are,  I  think,  quite  inexplicable,  except  by  supposing  agencies 
of  the  kind  suggested  by  you  to  be  in  operation.  At  some  future  time, 
when  selenography  is  more  advanced,  it  will  probably  be  found  that  all 
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objects  on   tho  Maria  and  low -lying  tracts  are  more  or  less  variable  in 
visibility/* 

In  reference  to  Mr.  Elger's  remarks,  an  important  question  may  be  sug- 
gested. Is  the  moon  surrounded  by  an  atmosphere  of  elastic  gas?  This 
question  has  been  answered  in  the  negative,  inasmuch  as  in  the  phenomena 
of  occultations  no  distortion  or  bending  of  the  rays  of  light  from  the  stars 
occulted  has  been  noticed.  If  I  remember  rightly,  this  is  the  basis  of  the 
negation :  Mr.  (now  Sir  W.  11.)  Grove,  in  his  address  to  tho  members  of  the 
British  Association  at  Nottingham  in  I860,  alluded  to  the  unsolved  state  of 
the  question ;  and, "  supposing  the  moon  to  be  constituted  of  similar  materials 
to  the  earth,  it  must  be,"  he  said,  "  doubtful  if  there  is  oxygen  enough  to 
oxidizo,  the  metals  of  which  she  is  composed ;  *  *  *  and  it  might  be  u  fair 
subject  of  inquiry  whether,  if  there  be  any  coating  of  oxide,  it  may  not  bo 
so  thin  as  not  to  disguise  the  form  of  the  congealed  metallic  masses,  as  they 
may  have  set  in  cooling  from  igneous  fusion/'  The  presence  of  oxygen,  in- 
ferred from  oxidation,  presupposes  an  atmosphere  of  permanently  elastic  gas 
or  gases.  From  the  investigations  of  llerr  Althaus,  it  has  been  approxi- 
mately estimated  that  the  moon's  hemisphere  turned  towards  the  earth 
attains  at  least  a  maximum  temperature  of  840°  of  Fahrenheit,  upon  the 
assumption  that  the  moon's  power  of  absorbing  heat  is  equal  to  that  of  quartz. 
The  heat  thus  attained  would  very  closely  approximate  to  the  temperature 
at  which  iron  appears  red  in  twilight,  and  exceed*  the  fusing-points  of  tin  and 
lead.  On  the  other  hand,  the  minimum  is  estimated  to  bo  —  (J2°  of  Fahren- 
heit, which  would  give  a  fall  of  about  (J  tO°  in  fifteen  days ;  this  would  be 
equivalent  to  daily  increments  and  decrements  of  heat  of  about  fili0  each. 
This  enormous  variation  must  bo  attended  with  very  considerable  expansion 
and  contraction  of  the  gases,  cither  present  or  liberated,  and  a  very  rapid 
diminution  of  temperature  upward  must  result.  Now  about  the  period  of 
maximum  temperature  of  the  luni-solar  day  the  surface,  whatever  materials 
may  compose  it,  must  be  in  a  very  different  condition  to  what  it  existed  in  at 
sunrise  ;  and  this  is  so  far  visible  to  us  by  the  different  aspects  of  objects 
under  high  illumination,  so  graphically  described  by  Webb,  and  also  by  the 
intensely  glowing  luminous  spots,  such  as  Aristarehus,  Censorinus.  J)ionysius, 
in  id  various  streaks  under  a  midday  sun.  If  tho  heat  exceeds  the  melting- 
points  of  tin  and  lead,  it  is  quite  possible  that,  long  before  the  maximum  tem- 
perature is  attained,  substances  maybe  fused  and  vapours  given  off  which, 
rising  quickly  to  a  cooler  region,  may  be  condensed  and  become  visible  to  us 
as  cloud. 

As  regards  the  streaks  on  Plato,  it  has  been  proved  by  observation  that 
tho  floor  is  irregular,  although  it  generally  appears  to  be  smooth  and  even  ; 
it  is  known  in  some  places  to  rise  slightly  above  a  mean  level  and  to  sink  in 
others  slightly  below  ;  and  this  depressed  character  is  most  prominent  at  the 
interior  foot  of  the  surrounding  mountain-ring.  The  principal  craterlet  is 
situated  upon  the  highest  part  of  the  floor,  and  from  it  radiate  tho  arms  and 
stem  of  tho  tk  trident/'  It  is  not  at  all  unlikely  that  the  great  heat  to  which 
the  surface  is  subject  may  at  times  produce  eruptions  from  this  and  other 
cratorlets  ;  indeed  we  appear  to  possess  evidence  that  this  has  actually  taken 
place  at  least  twice  within  the  period  of  the  observations ;  and  the  arms,  as 
well  as  the  sector  and  great  northern  streak,  may  owe  their  existence  to  such 
eruptions,  which  of  course  would  give  them  a  permanent  character.  Sub- 
jected to  the  intense  cold  of  the  lunar  night,  at  sunrise  they  would  only 
reflect  the  same  amount  of  light  as  the  other  portion?  of  the  floor  ;  but  as  tho 
floor  becomes  unequally  heated,  some  portion*  absorbing  heat  while  others 
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reflect  more  light,  they  would  stand  out  as  luminous  streaks  and  markings, 
to  be  partially  or  wholly  obscured  by  any  condensed  vapour  which  may 
happen  to  bo  floating  above  them.  An  absence  of  condensed  vapour  would 
impart  to  the  floor  a  sharpness  and  deiinitencss  BO  often  observed,  by  the  aid 
of  which  very  minute  objects  are  easily  seen,  while  even  a  slight  film,  ana- 
logous to  our  cirrostratus  cloud,  would  impart  a  mistiness  by  which  the  more 
delicate  spots  and  streaks  would  be  obscured,  the  broader  features  still  re- 
maining visible — a  state  of  things  of  which  evidence  exists  in  the  observations, 
and  which  has  been  observed  more  or  less  since  the  time  of  Hovelius,  who 
relates  that  "  several  times  he  found,  in  skies  perfectly  clear,  when  even  stars 
of  the  sixth  and  seventh  magnitudes  were  visible,  that  at  the  same  altitude 
of  the  moon,  the  same  elongation  from  the  earth,  and  with  one  and  the  same 
telescope  the  moon  and  its  macula)  did  not  appear  equally  lucid,  clear,  and 
conspicuous  at  all  times,  but  were  much  brighter  and  more  distinct  at  some 
times  than  at  otheiu" 

In  a  letter  written  under  date  of  September  27,  1871,  the  "Rev.  T.  AV. 
"Webb  suggests  that  there  is  more  inequality  than  we  have  yet  studied  in 
the  reflective  power  of  different  substances  at  different  angles  of  illumination 
or  incident  light.  "It  may  be,"  he  says,  "  that  different  colours  behave 
differently  when  treated  in  this  way ;  and  1  suspect  they  do  :  c.y.,  if  from  the 
surfaces  of  cortain  materials  the  capacity  for  reflection  of  blue  rays  should 
increase  more  rapidly  than  that  for  red,  then  with  increasing  angle  of  illumi- 
nation the  colour  of  the  object  would  slightly  change,  and  with  it  its  propor- 
tional visibility  at  a  distance  where  colour  becomes  imperceptible.  *  *  *  Is 
it  not  possible  that  other  circumscribed  regions  in  the  moon,  e.  g.  that 
glorious  Archimedes,  might  show  variations  in  the  markings  even  more  defi- 
nite and  considerably  more  easily  dealt  with  than  those  in  Plato?  The 
curiously  but  occasionally  speckled  and  streaky  aspect  of  the  Mare  Crishun, 
as  described  by  Schrotcr,  E.  &  M.,  and  others,  would  be  a  grand  case  were 
it  not  so  rare.  If  we  could  only  find  some  smaller  and  more  easily  studied 
surface,  equally  or  more  frequently  varied,  it  would  be  a  great  matter.  But 
is  there  not  something  of  a  more  general  character  underlying,  as  it  were, 
these  special  instances  that  has  never  yet  been  properly  investigated?  AVo 
lay  it  clown,  as  if  it  were  unquestionable,  that  local  colour  in  the  moon  is 
masked  in  the  rising  and  setting  illumination,  and  comes  out  under  high 
angles  when  the  shadows  disappear.  It  may  be  so  ;  but  why?  If  I  took  a 
piece  of  plaster  of  Paris,  moulded  it  into  all  sorts  of  hollows  and  knobs,  and 
painted  it  harlequin  fashion,  then  the  colouring  would  be  all  equally  visible, 
whether  under  oblique  or  vertical  illumination;  or,  to  make  it  more  like  the 
moon,  if  the  artificial  surface  were  only  shaded  with  brownish  or  bluish  greys 
we  should  have  the  same  effect;  as  long  as  there  was  light  enough  to  show 
it,  the  distinction  of  colour  would  remain.  On  the  moon  it  is  far  less  evi- 
dent, and  frequently  quite  imperceptible.  Now  what  underlies  this?  "Why 
do  certain  very  dark  spots  on  the  moon  come  out  under  high  illumination, 
or  certain  brilliant  specks,  being  much  less  if  at  all  contrasted  with  the 
neighbourhood  when  near  the  teiminator?  Could  we  produce  an  artificial 
surface  which  would  behave  in  the  same  way  ?  71  Jit/  should  this  difference 
(whatever  may  be  its  cause)  depend,  not  on  the  angle  of  incidence,  but  on 
that  of  reflection ;  for  the  full-moon  aspect  extends  over  the  whole  disk,  not- 
withstanding the  low  illumination  of  the  regions  all  round  the  limb,  many  of 
which  show  spots  as  vivid  or  as  deep  as  more  central  regions?  Ko  one,  BO 
far  as  I  know,  has  touched  at  all  on  this  very  interesting  point/' 

Kr.  "Webb's  suggestions  and  queries  nro  very  important,     On  that  of  nn 
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irregular  surface  painted  with  different  colours  presenting  an  equally  diversi- 
fied appearance,  whether  the  incident  light  were  oblique  or  vertical,  and 
the  distinction  of  colour  remaining  so  long  as  sufficient  light  existed  to  show 
it,  I  would  remark  that  there  can  he  no  doubt  that  the  moon's  surface  is  as 
much  variegated  with  colour  as  the  earth's,  but  by  distance  the  distinction 
of  colour  is  softened  down  to  tones  of  grey,  in  the  same  manner  as  wo  are 
ablo  to  distinguish  nothing  but  greys  in  a  distant  terrestrial  landscape.  It  is 
the  telescope  which  brings  out  the  distant  rod-brick  building  or  the  dazzling 
whiteness  of  the  church  steeple  under  a  noonday  sun,  tho  predominant 
colour  of  the  landscape  being  either  the  delicate  green  of  spring,  the  deeper 
green  verging  on  blackness  in  summer,  or  the  rich  reds,  browns,  or  yellows 
of  autumn.  These  are  the  colours  which  characterize  the  foliated  covering  of 
the  earth,  interspersed  with  a  sandy  or  even  white  tint  indicative  of  the  ex- 
istence of  vast  desert  tracts.  At  tho  distance  of  the  moon  we  only  perceive 
on  her  surface  various  tints,  from  a  dark  blackish  grey  to  a  dazzling  white; 
and  these  are  certainly  intensified  under  vertical  illumination,  but  mobt 
decidedly  under  that  reflecting  angle  the  value  of  which  is  measured  by  the 
supplement  ut  the  difference  of  longitude  of  the  moon  and  bim  when  it  is 
equal  to  zero,  or  supplement  <[  —Q=()°.  Perhaps  the  following  experiment 
may  set  this  matter  in  a  clearer  light.  Tiike  an  ordinary  cream-coloured 
envelope  and  place  within  it  a  piece  of  bluish  paper,  FO  that  the  two  tints 
may  appear  in  juxtaposition,  also  a  piece  on  which  various  shades  of  grey 
have  been  dabbed,  as  trials  used  in  colouring.  If  these  are  held  or  placed  in 
such  a  position  that  very  oblique  light  may  fall  upon  them  from  a  lamp, 
although  tho  distinction  of  colour  may  be  perceptible,  it  will  be,  under  the 
earliest  illumination,  so  very  slight  as  to  be  hardly  cognizable  if  viewed  from 
an  angular  position  equal  to  the  supplement  of  00J:  i.e.  let  the  lines  from 
the  lamp  to  the  illuminated  surface  just  grazul  by  the  incident  rays  and 
from  the  same  surface  to  the  eye  form  an  angle  of  '.)0° ;  now  let  the  lamp, 
eye,  and  illuminated  surface  be  brought  into  the  same  plane,  although  not 
into  the  same  lino,  and  it  will  be  found  that  the  tints  become  much  more 
distinct.  Ko  more  light  falls  upon  the  surface  than  bci'me  ;  but  the  eye  views 
the  surface  under  a  different  disposition  of  the  angles  of  incidence  and  reflec- 
tion, the  consequence  being  a  bitter  appreciation  of  its  inherent  light  and 
shade.  Uy  placing  the  different  shaded  papers  in  such  a  position  that  tho 
light  from  tho  lamp  falls  perpendicularly  upon  them,  and  bringing  the  03  e  us 
nearly  as  possible  into  the  same  perpendicular  line,  we  view  the  paper  as  we 
view  the  full  moon,  the  tints  coming  out  in  the  strongest  manner  possible ; 
and  this  is  in  accordance  with  the  law  that  the  grcotost  quantity  of  light  is 
irregularly  reflected  with  the  smallest  angle  of  incidence.  As  the  diameter 
of  the  moon  subtends  a  maximum  angle  of  less  than  thirty-three  minutes  of 
arc,  the  rays  coming  or  reflected  from  her  are  nearly  parallel ;  from  which  it 
follows  that  the  path  of  the  solar  rnys  impinging:  on  the  moon,  and  passing 
to  the  earth,  will  be  nearly  as  the  sides  containing  tho  angle  known  as  tho 
supplement  of  the  moon's  elongation  from  the  sun,  which  at  full  equals  0°. 

In  applying  our  experiment  to  the  moon  in  all  its  generality,  we  ought  to 
have  a  regular  increase  ami  decrease  of  iiittnsitti  of  tint,  subject  to  small  but 
also  to  very  regular  variations.  Is  it  so?  In  one  remarkable  and  well- 
observed  instance,  at  so  early  a  period  as  twenty-four  to  thirty-six  hours 
after  sunrise  on  Plato,  the  north-west  portion  of  the  Hoor  was  FO  strongly 
illuminated  as  to  obliterate  the  well-known  northwest  streak.  This  appealed 
to  be  an  abnoimal  brightening  of  the  floor,  nnd  must  have  been  quite  inde- 
pendent of  illuminating  or  icflcc-tirg  angle;  its  btarirg  upon  ttr.  Frutt'a 
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remarks  relative  to  an  tinusual  exhalation  of  vapour  causing  an  extension  of 
luoid  area  (see  post,  p.  261)  or  a  flowing  together  of  neighbouring  light-streaks 
is  obvious.  On  the  12th  of  May,  1870  (the  brightening  of  the  floor  was  ob- 
Berved  on  the  9th  of  May),  it  had  so  far  subsided  as  to  allow  of  the  north-west 
streak  being  seen,  one  observer  (Mr.  Gledhill)  recording  it  as  the  brightest 
on  the  floor,  another  (Mr.  Elger)  registering  the  part  east  of  spot  No.  16  as 
very  bright  and  well  defined.  This  was  from  9(5  to  108  hours  after  sunrise. 
That  this  increase  of  light  was  independent  of  either  illumination  or  reflec- 
tion, except  as  transmitting  agents,  is  evident  from  the  fact  that  at  the  same 
interval  from  sunrise,  96  to  108  hours  on  the  14th  of  March,  1870,  the  eastern 
arm  of  the  "  trident "  was  recorded  as  the  brightest  marking. 

Mr.  Pratt,  writing  under  dates  October  17  and  18, 1871,  says : — "  A  year  or 
two  since  I  was  reading  Kirchhoff's  s  Memoirs/  Eoscoe's  '  Spectrum  Analysis/ 
and  several  other  works  on  the  subject,  and  at  the  same  time  frequently  spent 
an  evening  in  Mr.  MayalTs  laboratory  with  his  splendid  spectroscope.  About 
that  time  I  often  considered  the  possibility  of  vapours  rising  from  the  heated 
surface  of  the  moon,  and  wondered  if  the  dark  spaces  were  in  any  way 
absorptive  clouds,  and  became  of  the  opinion,  and  am  so  still,  that  both  the 
darkest  and  the  lightest  markings  on  the  surface  may  be  but  the  appearances 

of  vapours Looking  at  Proclus,  Aristarclius,  and  the  interior  of  Tyoho, 

I  can  never  feel  certain  that  their  brilliancy  is  merely  the  dazzling  reflection 
from  naked  rocks ;  and  that  great  valley  running  N.E.  from  Tycho  suggests 
other  causes  for  its  whiteness  than  merely  different  incident  and  reflecting 
angles  and  different  materials  of  its  soil.  The  Mare  Frigoris  has  very 
often  suggested  to  me  (and  I  have  mentioned  the  same  to  you  more  than 
once)  both  the  possibility  and  probability  of  its  being  covered  with  some- 
thing very  foggy  in  its  nature.  It  has  frequently  had  that  appearance  in  my 
telescope;  and  while  objects  on  the  heights  of  the  rim  of  Plato  have  been 
well  defined,  a  general  haziness  has  belonged  to  those  on  the  Mare  below, — 
full  proof,  I  think,  that  the  obscuration  not  only  belonged  to  the  moon  itself, 
but  was  confined  to  its  lower  levels.  That  under  the  circumstances  the 
intense  heat  must  produce  vapours  from  the  surface,  even  if  small  in  quantity, 
and  that,  once  produced,  they  must  act  as  your  theory  supposes,  seems  incon- 
trovertible. Some  visible  effects  of  their  production,  both  in  absorption  and 
reflection  of  solar  rays,  must  follow  as  a  natural  consequence ;  and  if  those 
instances  you  have  thought  proper  to  adduce  are  not  real  observations  of 
those  visible  effects,  it  remains  for  some  more  assiduous  observers  to  bring 
forward  more  complete  proof  of  their  presence ;  but  I  cannot  then  see  that 
even  the  supposed  presence  of  such  vapours  is  in  the  least  degree  negatived. 
The  proof  of  their  presence  by  observation  of  their  effects  would  only  be  in 
abeyance.  Does  not  the  softened  margins  of  light-streaks  generally  on  the 
moon  suggest  a  vaporous  origin  ?  Surely,  in  the  case  of  Linne,  it  is  as  reason- 
able as  that  the  white  spot  arises  from  reflection  from  a  surface  of  shivered 
glass.  The  past  observations  of  Linne  and  your  present  theory  fit  well  to- 
gether ;  and  it  seems  to  me  that  if  one  may  be  forgiven  for  supposing  the 
presence  of  a  small  quantity  of  moisture  on  the  moon,  then  the  hotter  the 
surface  the  whiter  the  spots  and  streaks  would  become  to  our  view." 

[In  reference  to  Mr.  Pratt's  remark  on  the  whiteness  of  the  heated  surface, 
T  may  call  to  mind  the  appearance  of  slated  roofs  under  a  July  or  August  sun 
which  I  have  noticed.  It  is  just  as  if  the  slates  had  been  coated  with  a  white 
pigment.  Instead  of  a  dark  slaty  hue  they  have  presented  a  strongly  decided 
white,  HO  as  to  induce  the  belief  that  the  roof  had  been  white \vashed  or 
painted  white.  Having  given  some  attention  lately  to  the  so-called  irregular 
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reflection  of  light,  in  connexion  \i  ith  the  above  remark  I  may  notice  that  an 
increase  of  light  from  dark  slated  roofs  is  observed  as  the  sun  approaches 
such  a  position  in  the  heavens,  with  regard  to  the  eye,  v..  .  Aoofs  con- 

sisted of  polished  surfaces  an  image  of  the  sun  would  be  seen  at  the  moment 
•when  the  angle  of  rcllection  equalled  the  angle  of  incidence ;  and  this  tendency 
to  the  formation  of  an  image  is  greatly  augmented  by  a  falling  shower,  the 
rain  bringing  the  slates  more  into  the  condition  of  a  watery  surface,  rendering 
them  comparatively  darker,  except  at  those  points  where  the  two  angles  meet. 
Irregular  and  roughened  surfaces  on  the  moon  will  consequently  appear 
brighter  at  those  periods  in  the  lunation  when  the  light  from  the  Rim  to  the 
moon,  and  thence  to  the  eye,  falls  in  the  Hues  of  incidence  and  reflection. 
At  all  times  irregular  reflection  from  the  moon  is  independent  of  the  incident 
rays;  but  an  approach  to  regular  reflection  attended  with  increase  of  light, 
the  epoch  of  which  for  each  point  of  the  moon's  surface  is  clearly  calculable, 
must  occur  during  every  lunation,  so  that  all  normal  brightening  may  be 
easily  detected,] 

"  Starting  from  the  hypothesis,  it  seems  to  me  that  your  explanation  of  the 
wiriutiun  of  position  of  the  liyht-streaks  must  be  held  a  very  reasonable  one  ; 
and  I  beg  to  adu  a  sin-ill  supplement.  I  suppose  that  the  maxima  of  midday 
heat  at  the  latitude  of  PL' to  arc  not  always  the  same,  that  they  run  through 
a  slight  seasonal  variation,  then  a  periodical  difference  in  the  quantity  of 
vapour  raised  would  result ;  and  if  the  general  outline  of  the  light-streaks  is 
the  result  of  the  local  conformation  of  the  ground  us  related  to  the  craterlets, 
then  an  unusual  amount  of  vapour  raised,  might  cause  two  or  more  light- 
streaks  apparently  to  flow  together  for  a  time,  producing  an  entire  change  in 
their  outline,  afterwards,  as  the  heat  lessened,  to  resume  their  most  usual 
appearance.  I  have  often  thought  the  light-streaks  suggested  the  remem- 
brance of  the  mists  and  fo«s  which  may  be  seen  on  an  autumnal  evening 
from  the  elevated  parts  of  our  downs ;  as  evening  advances  the  mists  gradu- 
ally appear  winding  about  in  streaky  shapes  or  isolated  in  irregular  patches, 
(iccordhiy  to  the  forimttwii  of  the  yruund,  while  their  margins,  sometimes 
shaip,  are  generally  soft  and  ill-defined,  very  much  like  lunar  light-streaks 
to  my  mind,  if  they  could  be  seen  from  a  nearly  perpendicular  direction. 

"There  is  a  difficulty  as  to  the  nature  of  the  dark  tints,  supposing  them  to 
be  cloudy  coverings;  but  is  it  quite  certain  that  the  middle  tint  is  really  the 
true  colour  of  the  soil?  What  if  the  darkest  tint  was  the  colour  of  the 
naked  surface,  and  if  the  middle  tint,  which  appears  at  sunrise  and  sunset, 
is  a  covering  of  the  nature  of  hoar  frost,  the  vapour  which  is  supposed  to  be 
raised  during  the  luni-r-olar  day  freezing  again  011  the  sudden  approach  of 
night?  15ut  we  are  supposing  the  presence  of  moisture  on  the  moon.  AVe 
must  not  forget  the  liaconian  maxim. '' 

|~Mr.  Pratt's  idea  of  hoar  frost  is  very  suggestive  ;  not  that  the  appearance 
of  the  surface  near  the  terminator  is  of  that  nature  in  the  sense  in  which  we 
employ  the  term,  for  one  would  think  that  then  the  reflected  light  would  bo 
most  certainly  white  ;  yet  it  cannot  be  denied  that,  generally  speaking,  within 
about  10°  of  the  terminator,  the  surface  of  the  moon  is  such  as  wo  may 
suppose  that  of  the  earth  to  present  after  a  cold  clear  frosty  night,  the  atmo- 
sphere  being  exceedingly  translucent,  ,so  that  objects  are  readily  and  clearly 
visible.  The  lunar  night  must  be  intensely  cold,  with  enormous  radiation, 
by  which,  whatever  gas  or  vapour  may  exist,  both  its  bulk  and  elasticity 
would  be  greatly  reduced,  especially  towards  sunrise ;  so  that  it  is  quite 
possible  that  an  atmosphere,  if  such  there  be,  would  be  of  the  rarest  charac- 
ter, and  this  would  fully  account  for  the  clearness  and  sharpness  of  objects  at 
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divido  it  into  two  separate  streaks,  that  oast  of  spot  No.  16  being  designated 
"  «,"  tho  western  part  "o."  On  October  19  Mr.  Gledhill  delineated  it  as  a 
narrow  streak  (see  fig.  17,  p.  288) ;  but  as  he  omitted  tho  -western  part  of  the 
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floor  it  is  uncertain  if  the  continuation  reached  tho  border.  On  the  21st  it  was 
recorded  as  brighter  than  on  tho  19th.  On  the  25th  a  dark  space  was  seen 
between  it  and  tho  border ;  and  it  was  observed  by  Mr.  Gledhill  on  the  26th 
and  on  tho  27th,  in  tho  interval  between  12  hours  and  sunsot. 

Luu'.ttton  November  1809,  from  117  hours  before  to  21  hours  after  meridian. 

On  November  14,  at  an  earlier  epoch  than  it  had  hitherto  been  observed, 
Mr.  Gledhill  recorded  tho  streak  as  seen,  east  of  spot  No.  16,  the  western 
part  "  o  "  being  absent.  On  January  12  Mr.  Elger  (same  interval,  60  to  72 
hours)  showed  in  his  drawing  the  continuation  "  o,"  with  an  extension  of  its 
north-west  Border  to  tho  north-west  border  of  Plato,  i.  e.  the  floor  from  tho 
south-east  border  of  " o"  to  tho  rim  of  the  crater  was  equally  bright ;  this 
brightness  commenced  on  the  east  at  Webb's  elbow.  On  the  19  fh  of  No- 
vember the  continuation  "  o  "  was  observed  contemporaneously  with  c,  which 
reached  nearly  to  5,  and  was  convex  towards  the  border.  This  is  in  contrast 
with  later  observations,  in  which  c  was  seen  concave  towards  the  border 
(see  lunation  April  1870,  post,  p.  264).  The  contemporaneity  of  c  and  "  o  " 
indicates  that  a  change  had  supervened  between  the  first  observation  in 
September  and  November  19,  on  which  day  Mr.  Gledhill  recorded  a  as  tho 
brightest  streak  on  tho  floor,  and  first  observed  Webb's  elbow. 

Lunation  December  1861),  from  interval  24  to  36  hours  after  sunrise  to  interval 
48  to  36  hours  before  sunset. 

This  lunation  afforded  as  many  as  ten  observations  of  Plato,  so  that  the 
progression  of  the  illumination  of  the  streak  could  be  well  traced.  At  first, 
on  the  12th,  it  was  seen  with  difficulty,  tho  north-west  part  of  tho  floor  being 
brightest.  On  the  13th  it  was  still  difficult  to  separate  from  tho  north  and 
north-west  part  of  the  floor  ;  but  on  the  14th  it  was  seen  continued  in  "  o/' 
the  two  forming  the  brightest  and  best-defined  streak  on  the  floor.  Interval 
72  to  84  hours.  The  observations  of  December  12  and  13  are  tho  earliest  of 
the  bright  north -west  floor,  which  would,  from  its  dip  towards  the  border, 
reflect  more  light  soon  after  sunrise  than  at  a  later  period  of  the  luni-solar 
clay ;  and  it  may  have  been  from  this  circumstance  that  the  brightness  of 
the  streak  merged  into  that  of  tho  floor.  It  is,  however,  noteworthy  that  on 
February  9,  1870,  interval  24  to  36  hours  after  sunrise,  tho  streak  a  should 
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have  been  seen  as  a  sharp  narrow  bright  streak,  from  the  tip  of  tho  most 
northern  shadow  to  tbo  north-east  border  nearly  parallel  with  a  line  through 
spots  Nos.  1  and  4,  and  no  mention  of  a  bright  floor  in  its  neighbourhood. 

On  December  15,  interval  90  to  108  hours  after  sunrise,  the  continuation 
"  o  "  was  seen  "  fairly  bright,"  but  on  tho  17th  it  was  not  recorded  ;  a  new 
phase,  however,  was  noticed,  viz.  Webb's  elbow,  which  was  continued  in  c, 
terminating  tho  streak  recorded  as  very  bright  on  the  west.  This  phase  was 
more  fully  developed  on  April  14,  1870.  The  brightness  of  the  streak  con- 
tinued from  December  17  to  December  24 ;  indeed  it  was  recorded  as  the 
brightest  on  December  21,  22,  and  24. 

Lunation  January  1870,  from  36  hours  after  sunrise  to  33  hours  before 
meridian  passage. 

On  January  11,  1870,  30  to  48  hours  after  sunrise,  tho  streak  was  well 
seen,  its  brightness  blending  with  the  bright  north- west  floor.  On  the  12th, 
14th,  and  15th,  the  continuation  "o"  was  observed.  On  the  15th,  132  to 
1441iours  after  sunrise,  tho  streak  o,  which  extended  from  Webb's  elbow, 
was  quite  separated  from  the  border. 

Lunation  February  1870,  from  24  hours  after  sunrise  to  GO  Jiours  before 
meridian  passctyet 

On  February  9,  interval  24  to  30  hours  after  sunrise,  as  remarked  under 
the  December  lunation,  tho  streak  was  recorded  as  "sharp,  narrow,  and 
bright.*'  Either  the  streak  must  have  been  brighter  than  in  December,  as 
seen  during  the  same  interval,  or  the  floor  darker ;  whichever  of  the  two  was 
the  real  state,  the  difference  is  not  explicable  on  a  change  of  illuminating 
angle,  the  altitude  of  the  sun  being  the  same  both  in  December  and  February. 
On  February  11  and  12  the  streak  was  well  seen,  being  recorded  as  very 
broad  and  bright  on  the  12th. 

Lunation  March  1870,  from  meridian  passage  to  24  hours  before  sunset. 

The  observations  during  this  lunation  wore  made  under  the  reverse  light, 
i.  e.  after  meridian  passage.  On  the  17th  and  19th  of  March  the  streak  a 
and  the  sector  were  the  brightest  markings  on  tho  floor.  On  the  23rcl,  under 
a  declining  sun,  tho  streak  appeared  diffuse  and  extending  up  to  the  north 
border.  This  is  remarkable,  and  indicative  of  the  brightness  not  being  due 
to  illuminating  angle,  which,  from  the  slope  towards  the  north-west  border 
being  turned  from  tho  sun,  would  render  the  floor  darker  as  seen  by  Mr. 
Pratt  on  August  28,  1809,  and  by  Mr.  Glcdhill  on  March  24  and  Novem- 
ber 15,  1870.  (See  lleport  Ihit.  Assoc.  1871,  pp.  80,  87.) 

Lunation  April  1870,  from  30  hours  ciffer  sunrise  to  45  Jiours  after 
m  end  la  n  passage . 

The  principal  feature  in  the  earlier  observations  of  this  lunation  is  the 
indefinitcncss  of  the  continuation  "o"  which  appears  in  Mr,  Elger's  sketch 
of  April  10  (sec  fig.  12,  post,  p.  275),  but  was  not  seen  by  Mr.  Glcdhill  as  a 
distinct  sharp  streak  on  that  day.  On  the  llth  it  was  very  hazy  and  ill- 
defined.  On  April  14,  interval  132  to  144  hours,  the  floor  presented  quite 
a  different  aspect  (see  fig.  15,po$£,  p.  285)  to  that  of  April  10,  the  continu- 
ation "  o9'  being  entirely  absent,  and  the  elongation  of  streak  c  towards  tho 
western  arm  of  the  trident  e  being  concave  towards  the  western  border.  On 
the  last  occasion,  November  19,  interval  168  to  156  hours,  when  c  extended 
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towards  the  south-west,  the  concavity  was  in  the  opposite  direction  (see 
Lunation  November  1809,  ante,  p.  263).  The  streak  a  extended  on  the  14th 
of  April  from  Webb's  elbow,  and  was  quite  separated  from  the  northern 
border  of  Plato.  On  the  15th  it  was  recorded  as  very  bright,  the  projecting 
portion  of  c  being  brighter  than  on  the  14th,  arid  nearly  joining  the  western 
arm  of  the  trident;  the  continuation  "o"  was  not  seen.  On  the  16th  c  had 
disappeared,  a  being  recorded  as  bright  and  sharp.  On  the  17th  it  was  re- 
corded by  Mr.  Gledhill. 

In  this  lunation  "  o  "  was  seen  from  36  to  84  hours  after  sunrise.  The 
observations  of  April  11,  1870,  and  December  14,  1869,  aro  synchronous  as 
regards  interval  from  sunrise.  On  December  14  «  and  "  o"  formed  together 
the  brightest  and  best-defined  streak  on  the  floor.  On  April  11  "  o  "  was  very 
hazy  and  ill-defined.  These  opposite  characters  under  the  same  solar  alti- 
tudes, as  well  as  those  recorded  in  the  previous  February  lunation,  cannot  be 
explained  on  the  hypothesis  of  changes  of  illuminating  angle,  for  there  were 
none,  but  point  to  some  agency  operating  within  the  enclosure  of  Plato. 
The  appearance  of  the-  portion  of  c  projecting  towards  Iho  western  arm 
of  the  trident  on  the  14th,  its  nearly  joining  tho  arm  on  the  15th,  and  its 
disappearance  on  tho  16th,  combined  with  the  opposite  directions  of  the 
convexity  in  November  and  April,  again  point  to  recent  or,  we  may  say, 
present  local  action. 

Lunation  May  1870,  from  24  hours  after  satirise  to  33  Jiours  before 
ineridia  n 


The  commencement  of  the  observations  during  this  lunation  was  charac- 
terized by  the  north  portion  of  the  floor  being  brighter  than  hitherto  observed. 
On  May  9  both  Mr.  Glrclhill  and  Mr.  Klgcr  recorded  independently  this  in- 
creased brightness  ;  in  consequence  tho  streak  a  could  not  be  traced.  The 
moon's  latitude  at  midnight  was  4°  21'-!)  N.,  Plato  at  that  time  being  north 
of  its  mean  position.  On  May  10  the  streak  «  was  seen  by  Mr.  Gledhill. 
On  May  12,  interval  108  to  120  hours,  or  from  12  to  24  hours  before  tho 
appaiition  of  the  projection  c  in  Apiil,  (his  marking,  although  plainly  seen, 
could  not  be  traced  so  far  to  the  south  as  in  April,  nor  was  it  so  sharply  de- 
fined as  in  that  lunation  ;  indeed  all  the  west  portion  of  the  north-west  area 
was  hazy  as  on  April  1  1  and  12,  and  also  on  June  10.  While  this  haziness 
characterized  the  western  part  of  the  iloor,  the  area  east  of  ppot  No.  16  was 
free  from  it  ;  the  streak  cr,  as  seen  liy  Mr.  EJger,  was  very  bright  and  well 
defined.  Ts  not  this  indicative  of  the  haziness  being  due  to  local  lunar 
action,  and  of  the  restriction  of  such  action  to  a  very  small  area  of  the  sur- 
face, also  of  the  ineflicicney  of  change  in  the  illuminating  angle  to  explain 
it  ?  On  May  13  the  streak  a  was  recorded  as  bright  and  well  defined,  and 
very  bright  at  the  locality  of  spot  No.  19. 

Lunation  June  1870,/rom  105  to  69  Jiours  before  meridian  passage. 

Two  observations  only  were  obtained  during  this  lunation  ;  the  first  on 
June  9,  72  to  84  hours  after  sunrise,  when  streak  a  (query  its  continuation 
"  o  ")  had  the  same  nebulous  appearance  which  it  exhibited  on  May  10  ;  tho 
second  on  June  10,  96  to  108  hours  after  sunrise,  when  the  eastern  portion 
a  was  bright  and  well  defined,  the  western  portion  "o"  hazy,  partaking  of 
the  general  haziness  of  the  north-west  portion  of  the  floor.  These  observa- 
tions are  in  striking  contrast  witli  those  of  February  (see  ante,  p.  264),  in 
which  neither  the  haziness  nor  the  continuation  "  o  "  were  observed.  The 
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brightness  on  the  north-west  portion  of  the  floor  appears  to  havo  declined 
since  May  0. 

Lunation  July  1870,  from  117  hours  before  to  81  "hours  after  meridian 


Three  observations  were  obtained  in  this  lunation,  —  on  July  8,  60  to  72 
hours  after  sunrise,  when  streak  a  was  seen  as  a  bright  object;  on  July  14 
and  10,  from  L56  to  90  hours  before  sunset,  a  condensed  brightness  in  tho 
central  part  of  streak  a  being  witnessed* 

Lunation  August  1870,  from  9  hours  before  to  141  hours  after  meridian 

pas-wye. 

Three  observations  are  the  only  ones  recorded,  the  first  on  August  11  near 
meridian.  In  a  drawing  by  Mr.  Elger  streak  «  is  shown  as  very  narrow, 
and  quito  separated  from  tho  north  border,  tho  west  end  crossed  by  tho 
projection  c  from  Webb's  olbow  ;  "  o  "  was  not  seen.  On  the  13th  the  streak 
was  seen  by  Mr.  Gledhill,  a  dark  tint  of  iloor  being  recorded  by  Mr.  Pratt. 
On  the  17th  the  streak  was  recorded  by  Mr.  Gledhill  as  the  brightest  amongst 
the  faint  streaks  observed. 

Lunation  October  1870,  from  81  hours  before  to  meridian  passaye. 

Two  observations  only  wero  obtained,  —  the  first  on  October  0,  interval  9(3 
to  108  hours,  when  streak  c  was  seen  quite  detached  from  the  border,  and 
figured  as  narrow  by  Mr.  Elger  ;  tho  second  on  October  9,  seen  near  meri- 
dian, when  it  (a)  was  shown  as  narrow  by  Mr.  Elger,  quite  separated  from 
tho  north  border,  the  west  end  crossed  by  Webb's  elbow  and  c  ;  these  toge- 
ther form  a  curved  streak,  concave  towards  tho  west  border  (see  ante,  pp.  203- 
205),  tho  continuation  "  o  "  being  entirely  absent, 

Lunation  January  1871,  from  103  to  132  hours  brfore  sunset* 

In  tho  first  of  two  observations  in  this  lunation,  made  on  January  7,  tho 
north-west  part  of  tho  floor  is  recorded  as  being  in  tho  same  state  as  in 
August  1809  (see  post,  p.  209)  ;  in  the  second,  on  January  8,  Mr.  Gledhill 
recorded  the  streak  a  as  sharply  defined,  bright,  narrow,  and  straight. 

Lunation  March  1871  ,  from  interv'd  72  to  84  hours  to  interval  90  to  108 
hours  after  sunrise. 

On  the  second  interval,  72  to  84  hours,  the  streak  «  was  seen  extending 
from  spot  No.  1  9  to  spots  Nos.  20  and  21  ;  it  is  described  as  having  been 
very  distinct.  On  the  third  interval,  90  to  108  hours,  it  was  observer!  by 
Mr.  Pratt  as  the  fourth  in  order  of  brightness,  the  sector  K  and/3  being  brighter. 

Erratum.  —  Fig.  9,  p.  203,  dele  connexion  between  streaks  £  and  e  ;  not  in 
original. 

In  the  Eeport  Erit.  Assoc.  1  871,  p.  00,  the  position  of  streak  a  is  given 
as  determined  by  three  sets  of  measures  by  Mr.  Gledhill  of  the  two  ends  of 
the  streak  on  September  13  and  December  9,  1870,  and  May  1,  1871.  Tho 
streak  is  shown  in  fig.  4  of  that  llcport  as  long  and  narrow.  The  numerous 
observations  of  the  floor,  including  those  of  streak  a,  show  that  not  only  is 
the  north-west  part  of  the  floor  variable  as  regards  its  tint  (light  or  dark), 
but  that  tho  positions  of  tho  streaks  are  also  variable  ;  and  this  variation  is 
confirmed  by  the  measures,  which  differ  in  value  just  as  tho  recorded  posi- 
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tiona  differ  among  themselves.  The  point  of  intersection  of  tho  measured 
streaks  is  in  or  near  the  locality  of  spot  No.  19,  at  which  a  brightness  has 
been  observed.  If  tho  bright  streaks  are  duo  to  ejecta  (see  ante,  p.  249), 
their  varying  positions  may  not  be  difficult  of  explanation. 

On  September  13,  1870,  tho  measures  which  determined  the  position  of 
streak  a  were  as  follows  : — 

For  W.  end  on  border  parallel  to  longest  diameter  15-3=  '319. 
„    W.  „  „         transverse      „      1O2=-213. 

„    E.  „  „          longest  „        5-9  = -123. 

„    11  „  „         transverse      „      13*1  =  '273. 

Oil  December  9  they  were  as  follows  : — 

For  W.  end  on  border  parallel  to  longest  diameter  1G-1=-371. 
„    W.  „  „         transverse      „        4>5  =  <104. 

„    E.  „  „         Ion-eat          „        2'2=-05l. 

„    E,  ,,  „         transverse     „      14*7  =  '339. 

These  measures  arc  more  in  accordance  with  two  separate  streaks,  or  there 
may  have  been /oar  streams  of  ejecta. 

As  illustrative  of  the  probable  permanency  of  the  streaks,  at  least  for  somo 
time,  I  quote  tho  following  from  observations  not  included  in  the  period 
embraced  by  tho  discussion  : — 

1871,  October  22;  interval  12  to  24  hours  (?)  .—Mr.  Elgcr  noticed  tho 
north-west  portion  of  the  floor  as  equally  light ;  and  on  November  27  ho 
recorded  tho  sector,  Pratt1  s  streak  p  and  y,  as  unusually  easy  ;  a  diagram  is 
given  of  a,  Webb's  elbow,  and  a  portion  of  c,  agreeing  with  fig.  14,  p.  284. 

1871 ,  December  22,  and  following  days. — Mr.  Pratt  noticed  the  haziness 
over  tho  north-west  portion  of  the  iloor  so  frequently  observed  in  April,  May, 
and  Juno  1870. 

In  the  following  pages  the  observations  of  streak  a  are  arranged,  first 
chronologically,  and  second  in  the  order  of  intervals  from  sunrise  to  sunset. 
It  is  presumed  that  thc4se  arrangements,  combined  with  the  foregoing  remarks, 
will  contribute  to  give  a  completeness  to  the  history  of  a  single  feature  closely 
observed  during  tho  greater  portion  of  a  period  of  two  years. 

HISTORY  OF  STREAK  a,  CHRONOLOGICALLY  ARRANGED. 
Period  of  the  recorded  appearance  o/a,  1809,  Sept.  20,  to  1871,  March  3, 

The  entire  absence  of  this  streak  from  the  floor  of  Plato  during  the  period  of 
J/>.  Pratl's  observations  i)i  August  I860  is  noteworthy. 

1800.       »>          h 

.Sept.  20,  108  to  mer.     Tho  first  record  by  Mr.  Elger's  drawing  with  tlio  continu- 
ation "  o." 

„  25,  72  „  CO.  Observations  by  Mr.  Glodhill  of  the  curvilinear  streak  from 
spot  No.  13  to  the  sector,  also  of  u<>." 

,,     27,    24  ,,      12.     a  not  seen,  c  described  as  a  broad  band  of  brightness.    Width 

£  from  spot  No.  1  to  rim. 

IX.1 1.    17,  10$  „    120.     "Well  seen  5  covers  spots  13,  10,  and  16  ;  alignment,  if  pro- 
duced, would  cut  N.  border  of  R  &  M.'s  A.  West  "  o." 

„  10,  L5G  „  108.  Shown  by  Mr.  (llodhill  as  a  long  narrow  streak.  Mr.  Pratt 
mentions  a  portion  of  the  floor  near  the  mountain  "  in  " 
on  the  north  of  tho  streak  as  very  dark, 

„     21,  150  ,.  114.    Brighter  than  on  the  19th. 

„    LT),    CO  „    4S.    J)nrk  space  between  the  etrcai  and  border. 

„     20,    .'W>  „     21.     Seen  by  Gledhill. 

„    27,    12  „      0.    S-oen  by  Gledhill. 
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I860.       *  * 

Nov.  14,  GO  to  72.  Seen  by  Gledliill  cast  of  spot  No,  10 ;  *'  o  "  absent. 
„  10,  1C8  w  150.  Continued  in  streak  "  0,"  with  c  reaching  nearly  to  8,  con- 
vex to  border.  Contrast  this  with  later  observations,  in 
which  it  was  seen  concave  to  the  border;  a  change  is 
manifest  by  the  contemporaneity  of  c  and  u  o."  (Seo  re- 
marks under  Sept.  25,  p.  295.) 

Brightness  of  N.  IF*  area. 

Dec.  12,    24  „     30.     Seen  with  difficulty  ;  N.W.  part  of  floor  brightest. 

„  13,  48  „  CO.  Difficult  to  separate  from  the  bright  N.  and  N.W.  part  of 
iloor. 

„  ]4,  72  „  84.  Continued  in  "  o,"  the  two  forming  the  brightest  and  bost- 
definrd  streak  on  the  Iloor.  The  brightness  of  the  N.W. 
area  appears  to  have  subsided. 

„     15,    9G  „  108.     Continued  in  "o;"  fairly  bright, 

„  17;  144  „  loO.  Yerv  bright,  extending  from  Webb's  elbow,  which  is  con- 
tinued in  c.  This  phase  was  more  fully  developed  on 
April  14,  1870 :  Mr.  Elger's  observation. 

„     19,108  „  150.     Recorded  as  bright. 

„     20,  144  „  132.     Kecorded  as  bright,  and  extending  from  Webb's  elbow. 

„  21,  120  „  108.  Tho  continuation  "o"  appears  to  have  been  lest  after  the 
15th.  Kecordod  as  the  brightest. 

„     22,    90,,     84.     Kecorded  as  the  brightest. 

„    24,    48  „     30.     Brighter  than  any  other  streak. 

1870. 
Jan.  11,    SO  „     48.     Well  seen  ;  its  brightness  blends  with  bright  N.W.  floor. 

„    12,    CO  „    72.    Continued  in  "o." 

„     14,108  „  120.    Continued  in  "  o." 

„     15, 132  „  1-J4,    Continued  in  "  o,"  and  extending  from  Webb's  elbow ;  quite, 

separated  from  border.     Bright. 

Feb.  9,  24  „  30.  Seen  as  a  shaip  narrow  bright  streak  from  the  tip  of  tho 
mast  northern  shadow  to  the  N.E.  border,  nearly  parallel 
with  a  line  through  spots  1  and  4. 

From  Mr.  Gledhill's  measures  combined  the  sticak 
forms  an  acute  angle  with  the  longest  diameter  through 
spots  Noa.  1  and  4  (see  ante,  p.  207 ). 

„     11,    72,,     84.     \VellseenbyMr.Gledhill. 

„     12,    06  „  108.     Very  broad  and  bright. 

The  continuation  "  o  "  was  not  observed  in  February  or 
March  ;  in  January  it  was  t  een  from  00  to  144  hours  after 
sunrise,  also  in  Sept,,  Oct.,  Nov.,  and  December. 

Mar.  17,  mer.  „  108.  Kecorded  with  sector  by  Mr.  Gledhill  as  the  brtt/Jitest  on  the 
floor  and  easy. 

„    19, 132  „  120.    Very  bright,  with  the  sector  the  brightest  on  the  floor. 

„    23,    30  „     24.    Diimso  and  extending  up  to  tho  N.  border;  easily  but  not 

well  seen. 

AprillO,  30,,  48.  Continued  in  "o;"  ill-defined,  especially  at  the  N.W.  Not 
seen  by  Mr.  Gledhill  as  a  distinct  sharp  streak.  »--ee 
Elger's  drawing  of  this  date  (p.  275,). 

„     11,    72,,     84.     "o"  very  Imy  and  ill-defined. 

„  14,  132  „  144.  Extending  from  Webb's  elbow,  quite  separated  from  tho 
border,  the  streak  c  projected  towards  the  Fouth.  fteo 
diagram  by  Mr.  Elger  (p. '285),  in  which  the  N.W.  part  of 
the  floor  presents  a  different  aspect  to  that  which  it  did 
on  the  10th,  four  days  earlier,  "  o  "  being  entirely  absent, 
and  c  with  e  exhibiting  a  concavity  towards  the  border. 

„  15,  1C8  „  mer.  Very  bright,  projecting  portion  of  <;  brighter  than  on  the 
14th,  and  nearly  joining  the  western  arm  of  tho  trident ; 
the  continuation  "  o  "  not  seen. 
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to  15'J.     Bright  and  sharp ;  projection  c  hag  disappeared. 
„  L'32.     Recorded  by  Gledhill ;  query  "  0," 

In  this  April  lunation  "o"  was  seen  fron 


1870. 

AprilLU,  103  to  15'J. 
17,  144  „  132. 

In  this  April  lunation" "  o "  was  seen  from  3ft  to  84 
hours,  after  which  c  was  seen  nearly  joining  e  until  meri- 
dian, after  which  it  disappeared. 
Miy  0;  21  „  3(5.  Could  not  bo  traced,  northern  part  of  floor  equally  bright 
as  seen  by  Messrs.  Elger  and  Gledhill.  Moon's  latitude 
4°  21/-9  ft. 

„    10,    48  „     00.    Seen  by  Mr.  Gledhill. 

„  12, 104  „  120.  East  of  No.  10  very  bright  and  well  defined,  a*  seen  by  Mr. 
Elger.  It  was  seen  by  Mr.  Gledhill  east  of  No.  10.  "  o  " 
being  absent  on  Nov.  14,  1809,  interval  (30  to  72  hours. 
On  May  12  the  projection  c,  although  plainly  seen,  could 
not  be  traced  so  far  to  the  south  as  in  April,  nor  was  it 
so  sharply  defined  as  in  that  lunation  j  indeed  all  the 
west  portion  of  the  N.W.  area  was  hazy  as  on  April  11 
and  12,  and  also  ou  June  10. 

This  haziness  on  the  N.W.  part  of  the  floor  while  E. 
of  spot  No.  10  was  well  defined  is  very  noteworthy,  as 
indicative  of  the  ha/mess  being  due  to  local  lunar  action, 
and  restricts  such  action  to  a  very  small  area  of  the  sur- 
face. 
„  13,  132  „  144.  Bright  and  well  defined;  very  bright  at  the  locality  of  spot 

No.  10. 

Jimi1  1).  72  „  MJ-.  The  streak  et  (query  its  continuation  "o")  had  the  same 
nebulous  appearance  which  it  exhibited  on  May  10.  The 
brightness  on  the  N.W.  part  of  the  floor  appears  to  have 
declined  since  the  early  part  of  the  May  lunation. 

„  10,  0.)  „  103.  The  oa.st  portion  (a)  bright  and  well  defined,  the  west  por- 
tion hazy ;  it  appeared  to  partake  of  the  general  haziness 
of  tho  N.W.  quarter  of  the  floor. 

These  observations  are  in  striking  contrast  with  those 
of  February,  in  which  neither  the  haziness  nor  the  con- 
tinuation "  o  "  were  observed. 
July    8,    T.O  „     7 '1.     Seen  as  a  bright  object. 
„     11,  1  ">!>,,  144.     Condensed  brightness  in  the  middle. 
„     Iti,  108  „     W>.     Condensed  central  portion. 

Aug.  11,  10S  .,  mer.  Shown  as  very  narrow  by  Mr.  Elger,  and  quite  separated 
from  the  north  border,  the  west  end  crossed  by  c  and  i ; 
nouo." 

„     I.f5,  14  i  „  132.     Seen  by  Mr.  Gledhill ;  dark  tint  of  floor  recorded  by  Pratt. 
„     17,    48  „     t'J,>.     Kecorded  by  Crledhill  as  the  brightest  amongst  the  faint 

streaks  observed. 
Oct.     (>,    Oo  „  10^.     Quittj  detached  from  tho  border,  and  figured  as  narrow  bv 

n  r       T'l  it.       »»  * 

Mr.  Llger;  no  "  o. 

„  0, 1C8  „  mcr.  Shown  as  narrow  by  Mr.  Elger,  and  quite  separated  from 
the  north  border ;  tho  west  end  crossed  by  i  and  r,  which 
together  form  a  eurved  streak  concave  towards  the  west 
border,  the  continuation  "  o  "  being  entirely  absent. 

1871. 

Jan.  7,  163  v  15(>,  No  mention  of  a;  the  N.W.  part  of  the  floor  in  tho  same 
state  as  in  August  ISt'.O.  (See  figs.  4  &  5,  p.  2->2;  and  iigs. 
0  &  7,  p.  234.) 

„      8, 144  „  132.     Ivecorded  by  Gledhill  as  sharply  defined,  bright,  narrow, 

and  straight. 

Mar.  2,  72  „  84.  Extending  from  spots  No.  10  to  Nos.  20  and  21  j  very  di- 
stinct. 

„  3,  90  „  108.  The  fourth  streak  in  order  of  brightness  as  observed  by  Mr, 
Pratt,  the  sector  K  and  /3  being  brighter. 
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Arrangement  in  order  of  Intervals* 

24  to   36, 18G9,  Dec.  12.    Seen  with  difficulty,  N.W.  port  of  floor  brightest. 

1870,  Feb.  9.  Seen  as  a  sharp,  narrow,  bright  stieak  from  the  tip 
of  the  most  northern  shadow  to  the  N.E.  border, 
nearly  parallel  with  a  line  through  spots  Nos.  1 
and  4, 

„     May     9.     Could  not  be  traced ;  the  northern  part  of  the  floor 
equally  bright  as  seen  by  Messrs.  JElger  and  Gled- 
hill.     Moon's  latitude  at  midnight  4°  21MJ  N. 
30  „    48,1870,  Jan.   11.-  Well  seen,  its  brightness  blending  with  the  bright 

N.W.  floor. 

„     April  10.    Continued  in  tf  o ; "  ill-defined,  especially  at  the  N.W. 

Not  seen  by  Mr.  Gledhill  as  a  distinct  sharp  streak. 

See  Mr.  Elgcr's  drawing  of  this  date1,  fig.  12,  p.  275. 

48  „    CO,  18G9,  Dec.  13.     Difficult  to  separate  from  the  bright  N.  and  N.W.  part 

of  floor. 

1870,  May  10.     Seen  by  Mr.  Gledhill. 
CO  „    72, 18C9,  Nov.  14.    Seen  by  Mr.  Gledhill  east  of  spot  No.  10 ;  "  o  "  absent. 

1870,  Jan.   12.     Continued  in  "o." 

„    July    8.     Seen  as  a  bright  object  by  Mr.  Gledhill. 
72  „    84, 18U9,  Dec.  14.     Continued  in  "o,"  the  two  forming  the  briylitest  ami 

best-defined  streak  on  the  floor. 
„     Feb.  11.     Well  seen  by  Mr.  Gledhill. 
„     April  11.     <k  0"  very  hazy  and  ill-defined. 

„  June  9.  The  streak  a  (query  its  continuation  a  o '')  had  the 
same  nebulosity  which  it  exhibited  on  May  10. 

1871,  Mar.    2.    Very  distinct,  extending  from  spot  No.  10  to  No?.  20 

and  21 5  "o"  abbcnt.' 

84  „    90    No  observation. 

IU  „  108, 1«(9,  Doc.  lo.     Continued  in  "o,"  fairly  bright. 

1870,  Fi-b.  12.     Very  broad  and  bright. 

;,  June  10.  The  east  portion  a  blight  and  well  defined,  the  west 
portion  "o"  hazy;  it  appeared  to  partake  of  the 
general  haziness  of  the  N.W.  quarter  of  the  floor. 
(Sue  note  in  chronological  arrangement.) 

,,  Oct.  0.  Quite  detached  from  the  border,  and  figured  as  narrow 
by  Mr.  Elger ;  "  o  "  absent. 

1871,  Mar.     f>.    The  fourth  streak  in  order  of  brightness  as  obscivcd 

by  Mr.  Pratt,  tho  sector  K  and  /3  being  brighter. 

108  „  120, 18C9,  Oct.    17.     Well  seen  by  Mr.  Gledhill ;  it  ewers  spots  Nos.  l;J,  19, 

and  1C) ;  alignment,  if  produced,  would  cut  N.  border 
of  11  &  M.'a  A. 
1870,  Jan.   14.     Continued  in  "  o." 

„  May  12.  East  of  spot  No.  10  yory  bii»ht  and  well  defined  aa 
seen  by  Mr.  Elgor ;  the  projection  r,  although  plainly 
poen,  could  not  be  traced  so  far  to  the  south  as  be- 
fore, nor  was  it  so  sharply  defined  as  before ;  indeed 
all  the  west  portion  of  the  N.W.  area  \\as  hazy,  aa 
in  April  and  June. 

120  „  152    No  observation. 

132  „  144 ,  1**70,  Jui.   Iff.     Continued  in  "  o,"  and  extending  firm  Webb's  ellow ; 

quite  separated  from  the  border. 

„     April  14.    Extending  fiom  Webb's  elbow,  and  quite  sopnrated 
from  the  border,  the  streak  c  projecting  towards  the 
south.     (See  note  in  chronological  arrangement.) 
„     May  13.    Bright  and  well  defined;  very  bright  at  the  locality 

of'  spot  No.  19. 

144  „  150,1809,  Dec.  17.     Very  bright,  extending  from  Webb's  elbow,  which  is 

continued  in  r. 
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15(5  to  108, 1809,  Oct.    10.    Shown  by  Mr.  Gledhill  as  a  long:  narrow  streak ;  Mr, 

Pratt  mentions  a  portion  of  the  floor  near  the  moun- 
tain "  m  "  on  the  north  of  the  streak  as  very  dark. 

ITS  „  mer,,     „     Sept.  20.     Continued  in  " o."     (See  fig-.  8,  p.  203.) 

1870,  April  15.  Very  bright,  the  projecting-  portion  of  c  brighter  than 
on  the  14th  (interval  132  to  144  hours),  and  nearly 
joining  the  western  arm  of  the  trident,-  the  conti- 
nuation "  o  "  not  ,^een. 

„  Aug.  1 1 .  Shown  as  very  narrow  by  Mr.  Elgev  (sec  fig.  1 8,  p.  280), 
and  quito  separated  from  tho  border,  the  west  end 
crossed  by  c  and  ? ;  no  t(  o" 

„  Oct.  0.  Rliown  as  narrow  by  Mr.  Elger  (sec  fig1.  19,  p.  289),  and 
quite  separated  from  the  north  border,  the  west  end 
crossed  by  i  and  r,  which  together  form  a  curved  streak 
concave  towards  the  west  border,  the  continuation 
"  o  "  being  entirely  absent. 

These  observations  (interval  1C8  hours  to  meri- 
dian passage)  are  quite,  suflicient  to  show  that  tho 
change  that  supervened  between  the  20th  of  Sep- 
tember, 18(59,  and  the  15th  of  April,  1870,  is  in- 
dependent of  illuminating  anglo  and  its  variations, 
tho  new  disposition  seen  in  April  of  the  streaks  on 
the  N.W.  part  of  the  floor  continuing  to  October  9, 
1870,  at  this  period  of  the  Inni-solar  day. 

mer.  „  108,      „     Mar.  17.     Recorded  by  Mr,  Gledhill  as  easy,  and  with  the  sector 

as  the  brightest  on  the  floor. 

1(  8    „  1  ,")(>,  1809,  Nov.  19.     Continued  in  streak  "  o,"  with  c  reaching  nearly  to  fl ; 

com  ex  to  west  border.     This  is  greatly  in  contrast 
with  the  observations  of  October  9,  1870  (see  in- 
terval 108  hours  to  meridian). 
,,     Dec.   19.     Recorded  as  bright. 

1870,  A  prill  (5.     Bright  and  sharp;  projection  r  has  disappeared. 
1S71,  Jan.      7.     No  mention  of  «;  the  N.W.  part  of  the  floor  in  tho 
same  state  as  in  August  18<>9  (see  ligs.  5,  G,  and  7). 

15&,,  144, 18(39,  Oct.    21.     Brighter  than  on  the  10th  of  October,  ItfliO  (see  in- 
terval 150  to  108  hours). 

1870,  July   14.     Condensed  brightness  in  the  middle, 

1-M  „  132, 18159,  Dec.   20,     Recorded  as  bright,  and  extending  from  "W ebb's  elbow. 
1K70,  April  17.     Recorded  by  Gledhili ;  query  "  o."1     (See  note  in  tho 

chronological  arrangement.) 
..     A  ug.  1  3.     Seen  by  Gledhill ;  a  daik  tint  of  floor  recorded  bv  Pratt, 

1871,  Jan,      8.     Recorded  by  Gledhill  as  slmrply  defined,  bright,  nar- 

row, and  straight. 

]o2  „  120, 1870,  ]\Far.  19.     Very  bright,  with  the  sector  the  Iriflttfcst  on  the  floor, 
120  „  108, 18(59,  Di^c.   21.     Recorded  as  the  Iriyhtett. 
108  „     90, 1870,  .Inly   1(».     Condensed  central  portion. 
9(>  „     84, 18(  9,  Dec.  2'2.     Recorded  as  brightest. 

84  „     72    No  observation, 

72  „     CO,  18C>9,  Sept.  25.     Mr.  (Jlcdhill  observed  "  o/'  also  the  curvilinear  streak 

from  spot  No.  L'5  to  the  sector. 

CO  „     48,      ,,     Oct.    25.     Dark  space  between  the  streak  and  border. 
48  „     30,      „     Dec.  24.     Brighter  than  any  other  streak. 

1870,  Aug.  17.     Recorded  by  Gledhill  as  the  brightest  amongst  the 

faint  streaks  observed. 
80  „     24, 1809,  Oct.    20.     Seen  by  Gledhill. 

1&70,  Mar.  23.     Diffuse  and  extending  up  to  the  north  border,  easily 

but  not  well  seen. 

24  „     12, 18C9,  Sept.  27.     a  not  seen,  c  described  ns  a  broad  band  of  brightness, 

width  about  one  third  the  distance  from  spot  No.  1 
to  the  border. 
12,,       0,      ,.     Oct.    27,     Seen  by  Mr.  Oledhill, 
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IV. 

OBSERVERS'  NOTES. 
Interval  12  to  24  hours. 

State  of  floor  at  sunrise  (fig.  10). — For  observations  at  sunrise,  see  Report 
1871,  pp.07  to  76,  also  p.  06,  where  the  reader  will  find  Mr.  Pratt's  observations 

Fig.  10. 


State  of  floor  at  sunrise,  1870,  Nov.  1,  Gh  to  Gh  40™. 

of  sunrise.  In  reference  to  the  clip  of  the  floor  to  the  margin  there  men- 
tioned, which  is  well  established,  I  may  remark  that  on  the  20th  of  Novem- 
ber, 1871,  I  noticed  the  streaks  of  sunlight  afc  sunrise  terminated  on  the  east 
at  some  distance  from  the  border,  indicating  a  considerable  dip  of  the  floor, 
if  the  sunlight  were  reflected  from  the  true  floor.  (See  lloport  1871,  p.  63, 
Jan.  10,  3  hours.)  In  reference  to  the  streak  between  spots  Nos.  4  and  3,  I 
would  observe  that  the  continuous  observations  of  the  streaks  r/  and  ft  by 
Messrs.  Gledhill  and  Elger  strongly  indicate  that  they  are  connected  with 
spots  Nos.  4  and  3 ;  the  narrow  shading  between  these  spots,  as  shown  by 
Mr.  Pratt,  is  most  likely  a  shallow  depression  between  the  streaks  if  Mr. 
Pratt's  suggestion  of  their  being  spurs  be  correct  (?). — W.ll.  E.  Fig.  10  shows 
the  dip  of  the  floor  to  the  E.  border.  Tint  of  floor  0'33. 

The  difficulty  experienced  on  the  night  of  Nov.  20, 1871,  in  obtaining  a  good 
view  of  sunrise  on  Plato  (if  inexplicable  on  the  fact  of  different  apertures 
having  been  employed,  7-|  in.  on  the  10th  of  Jan.  1870,  and  2|  on  Nov.  20, 
1871)  may  have  been  produced  by  an  absorptive  medium  within  the  enclosure 
of  Plato  :  the  appearance  mentioned  in  lleport  1871,  p.  63,  was  more  intensi- 
fied than  I  had  previously  witnessed,  and  the  western  portion  of  Plato,  that 
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nearest  the  western  border,  was  darker  than  the  eastern  ;  and  there,  where 
the  sun's  rays  were  more  obstructed  than  further  east,  the  peculiar  appearance 
of  something  reflecting  tho  stronger  light  from  the  brighter  border  above  the 
surface  was  not  seen.  The  most  expressive  description  that  I  can  give,  after 
twenty-four  hours'  consideration,  is,  in  the  words  of  Schroter,  "  a  kind  of  fer- 
mentation." It  is  certainly  very  unusual  for  the  clearness  of  objects  near  the 
terminator  to  bo  interfered  with;  but  should  there  have  been  u  vapours"  in 
motion,  catching  momentarily  the  reflected  rays  and,  as  tho  sun  rose  higher, 
the  direct  rays  over  tho  mountain-border,  such  an  appearance  as  I  witnessed 
must  have  boon  produced  ;  and  the  presence  of  such  vapours  may  occasion 
the  darker  tint  of  tho  floor,  and  especially  the  indistinctness  of  the  boundary 
of  tho  streaks  of  sunlight  and  the  edges  of  the  shadows.  T  never  before 
observed  the  floor  of  Plato  to  be  BO  dark  ;  but.  T  have  seen  it  once  only 
under  similar  circuit  tances,  except  that  of  aperture. 

Interval  24  to  36  hours. 

1870,  May  0.  —  Mr.  Elger's  record  is  as  follows  :  —  "  Markings  not  well 
seen  "  (but  he  does  not  specify  them)  ;  u  tho  sector  was  the  brightest."  He 
also  says,  "  th«»  northern  portion  of  the  floor  [that  whieh  on  August  26,  1809, 
was  dark  nnd  extended  between  the  streak  c  and  tho  border]  was  noted  as 
equally  light  ;  tho  streak  a  could  not  be  traced."  On  tho  same  evening  Mr. 
Gledhill  rec/mled  the  floor  as  light,  =(Ki'J,  and  that  streak  a  was  not  to  be 
distinguished  from  tho  bright  floor  all  along  tho  north  border,  lie  described 
the  streaks  as  faint  and  rather  diffuse,  the  sector  faint,  not  sharp  at  edges, 
and  seemed  broader  than  usual.  Libration  in  latitude  S.  in  August  and  N. 
in  May  would  tend  to  throw  streak  a  apparently  nearer  the  N.  border  in 
May  ;  but  Mr.  Gledhill  could  not  distinguish  it  from  the  general  brightness. 


HW/resxton  of  inrrftisp  of  brir/Jihiess  on  the  N.  IT.  part  of  the 
jf«or  of  Pfato. 

On  referring  to  Mr.  Klger's  drawings  of  January  12,  1X70,  interval  60  to 
72  hours,  and  January  14,  1S70,  interval  10S  to  120  hours,  1  iind  tho  N,W. 
part  of  the  floor  extending  from  Webb's  el  how  to  very  nearly  the  position 
of  the  west  arm  of  the  trident  equally  light  ;  indeed  presenting  on  the  12th 
a  similar  contour  to  Mr.  Klgcr's  sketch  of  May  10,  LSTO,  interval  00  to  72 
hours,  the  difference  being  that  on  tho  12th  of  January,  1^70,  tho  streak 
a  was  distinctly  separated  from  the  border.  The  streak  a  was  first  recorded 
by  Mr.  Klger  on  September  20,  1809,  interval  1  OS  hours  to  meridian  passage, 
and  his  diagram  of  that  date  is  strikingly  in  contrast  with  those  of  Jan.  12 
and  14,  and  May  9  and  10  (see  fig.  8,  p.  2(53,  and  fig.  11,  p.  274). 

On  September  2f>,  18(59,  interval  72  to  00  hours,  we  have  n  diagram  (see  fig. 
0,  ante,  p.  26;})  of  Mr.  Gledhili's  in  which  tho  N.W.  part  of  the  floor  is  figured 
as  nearly  similar  to  Mr.  Elger's  of  the  20th,  tho  streak  including  the  three  spots 
Nos.  IB,  19,  and  16.  On  October  17,  18H9,  interval  108  to  120  hours,  Mr. 
Gledhill  again  saw  the  streak,  and  described  it  as  a  "  well  seen  streak  which 
rovers  13,  19,  and  16;"  he  aligned  it  thus:  "the  streak  produced  E.N.E. 
would  cut  the  north  border  of  B.  &  M.'s  crater  A  outside  Plato.''  On  October 
25,  1869,  interval  60  to  48  hours,  Mr.  Gledhill  gives  a  diagram  in  which  a  and 
"  o  "  occur  with  a  dark  space  between  the  streak  and  the  border.  On  November 
19,  1869,  interval  168  to  156  hours,  Mr.  Gledhill  saw  the  streak  a  with  its 
continuation  "  o,"  Webb's  elbow,  and  tho  streak  c,  "  o  "  and  c  diverging  from 
the  western  side  of  Webb's  elbow.  The  earliest  instance  of  an  increase  of  light 
on  the  N.W.  part  of  the  floor,  and  of  the  observation  of  Webb's  elbow  during 

J872.  r 
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the  present  series  of  observations,  occurred  on  Nov.  15, 1869,  interval  84  to  96 
hours.     See  also  December  13,  1869,  interval  48  to  60  hours,  p.  278,  when 


Fig.  11. 


Plato,  January  12;  1870.— T.  G.  E.  Elgcr. 

Mr.  Gledhill  recorded  the  N.  and  N.W.  parts  of  the  floor  as  brightest.  On  De- 
cember 14,  1809,  interval  72  to  84  hours,  Mr.  Elger  sketched  a  and  "  o,"  with 
Webb's  elbow,  the  west  side  of  which  merged  into  the  streak  "  o."  The  streak 
c  seen  by  Mr.  Gledhill  and  the  spots  Nos.  13, 19,  and  16  were  not  seen.  Mr. 
Gledhill  mentioned  the  bright  floor  connecting  a  and  3  without  a  distinct  streak. 
The  next  day,  Dec.  15,  interval  96  to  108  hours,  the  elbow  is  not  separately 
given ;  the  two  sketches  (see  figs.  11  and  13)  very  much  resemble  those  of 
January  12  and  14,  1870.  The  state  of  the  N."W.  part  of  the  floor  was  nearly 
similar  during  the  two  lunations,  the  greatest  amount  of  light  being  observ- 
able at  the  earlier  epoch  in  both  cases.  Mr.  Gledhill  noticed  the  N.W.  part 
of  the  floor  bright  on  January  11,  interval  36  to  48  hours.  In  Mr.  Elger's 
diagram  of  Sept.  20, 1869  (ante,  p.  263),  he  gives  three  light  markings — the 
sector  b,  the  middle  arm  of  the  trident  e,  and  a  straight  marking  on  the  N.W., 
replacing  the  curved  streak  c  of  Pratt  of  August  1869.  The  western  branch 
of  this  streak  appears  to  be  connected  with  spot  No.  19.  To  distinguish  it 
from  h,  which  crosses  it,  it  is  designated  "  o ; "  the  eastern  portion  which 
joins  the  N.  border  is  a.  On  December  20, 1869,  interval  144  to  132  hours, 
the  floor  was  approaching  its  normal  state. 

1870,  March  11. — Mr.  Gledhill  recorded' the  floor  as  "  medium,  =0-50, 
like  the  tint  of  the  Mare  Frigoris." 

1870,  February  9,  4.45. — Mr.  Gledhill  described  the  floor  east  of  a  line 
through  spots  Nos.  1  and  3,  produced  both  ways,  as  "  dusky."  At  7  hours 
Mr.  Gledhill  writes,  "  E.  part  of  floor  still  dusky  as  far  as  the  east  edge  of 
sector,  and  a  line  along  this  edge  produced  to  the  north  border/' 

Streaks  coming  into  sunlight. — 1870,  February  9,  5.40.  Sector  seen  faint, 
but  easy.  Streak  a  seen  as  a  sharp,  narrow,  bright  streak,  running  from  the 
tip  of  the  most  northern  shadow  across  to  the  N.E.  border;  it  is  nearly 
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parallel  with  a  lino  through  spots  Nos,  1  and  4,  but  falls  a  little  at  the  east 
end.  Streak  y  seen  extending  from  a  little  S.  of  the  middle  of  II E  ^  2,  faint : 
6  hours.  Streak  ft  seen  running  from  spot  No.  3  to  the  N.  border. 

1869,  December  12. — Mr.  Elger  says,  "  I  could  make  out  a  portion  of  the 
sector,  but  it  was  exceedingly  ill-defined ;  the  remaining  part  of  the  floor 
appeared  to  be  of  a  uniform  tint,"     Mr.  Gledhill  recorded  the  floor  as  light, 
=  0*33,  and  the  sector  faint,  nearly  as  dark  as  the  floor.     The  streak  a  seen 
with  difficulty ;  the  N.W.  portion  of  the  floor  brightest.     The  shadows  of  the 
west  border  had  edges  on  the  east  very  well  defined,  as  if  a  narroiv  strip  of 
light  fringed  them  without  nebulosity.     [This  last  remark  appears  to  be  in- 
compatible with  the  idea  of  both  spots  and  streaks  being  difficult  of  observa- 
tion on  account  of  the  bad  state  of  the  earth's  atmosphere  ;  for  the  same 
observer,  with  the  same  instrument  at  the  same  time,  describes  the  sector 
and  a  as  difficult,  while  the  shadows  are  so  well  defined  as  to  exhibit  dif- 
fraction fringes.     Should  the  paucity  of  spots  and  streaks  on  this  occasion 
not  have  been  dependent  on  our  atmosphere,  then  we  have  a  different  state 
of  things  to  that  which  conduces  to  the  apparition  of  spots  when  streaks  are 
faint,  and  vice  versd.~] 

1870,  October  3. — Mr.  Elger  recorded  the  sector  as  complete  and  faint, 
but  in  strong  contrast  with  the  dark  floor ;  he  remarks  that  it  is  unusual  for 
him  to  see  the  sector  at  so  early  a  period  of  illumination.     Mr.  Gledhill 
recorded  the  sector,  with  streaks  a,  /3,  y,  8,  e,  and  £,  as  seen. 

Summary.— Sun's  altitude  7°  48'-l  to  11°  38'-2  ;  tint  of  floor  0-39.  Streaks 
generally  visible — sector,  y,  /3,  a,  and  arms  of  trident;  they  are  mostly  faint, 
but  a  was  seen  as  a  narrow  bright  streak  on  February  9,  1870. 

Interval  36  to  48  hours. 

1870,  April  10. — In  Mr.  Elger's  diagram  of  this  date  the  connexion  is 
unmistakable  of  the  sector  6  with  spot  No.  4,  also  the  N.E.  end  of  the 
streak  i/  with  the  same  spot.  The  connexion  of  streaks  £,  e,  and  ft  with 


Fig.  12. 


Plato,  April  10,  1870.— T,  G.  E.  Elger. 

Spots  Nos.  1,  14,  and  3  respectively  is  also  apparent.  In  his  remarks  Mr. 
Elger  says,  "  the  east  arm  of  the  trident  was  traced  through  spot  No.  5  to 
spot  No.  1 ;  it  usually  terminates  near  5."  He  also  says,  "  although  faint, 

u2 
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the  markings  were  easily  traced ;  those  on  the  east  side  of  the  floor,  y,  *;,  and 
/3,  were  decidedly  the  brightest ;  r)  was  represented  by  a  bright  fan- shaped 
marking  close  under  the  east  wall."  [This  is  clearly  the  bright  object  de- 
scribed by  Mr.  Gledhill  under  date  March  23, 1870,  36  to  24  hours  (seepostf, 
p.  296),  before  sunset  on  Plato ;  and  it  is  evident  that  it  retained  the  qua- 
lity, whatever  it  may  have  been,  which  contributed  to  its  bright  appearance 
during  the  intervening  night.  This  quality  appears  to  have  affected  the 
whole  of  the  northern  part  of  the  floor ;  for  we  find,  36  to  24  hours  before 
the  previous  sunset,  the  streak  a  described  by  Mr.  Gledhill  as  "  diffuse  and 
extending  up  to  the  north  border,  and  the  following  forenoon  it  could  not  be 
seen  as  a  distinct  sharp  streak/' — W.  It.  13.]  Mr.  Elgcr  described  the  streaks 
a  and  "o"  (seen  as  one)  as  ill-defined,  especially  the  N.W.  portion  of  it. 
The  eastern  and  middle  arms  of  the  trident  were  the  only  streaks  seen  on 
the  S.W.  Mr.  Gledhill,  same  evening,  gives  on  a  diagram  the  positions  of 
the  sector  and  streaks  more  or  less  similar  to  those  given  by  Mr.  Elger,  and 
they  both  agree  in  placing  spot  No.  5  on  the  east  edge  of  £.  Mr.  Gledhill 
describes  all  streaks  as  faint,  and  3  and  Q  (query  c),  on  tinted  plate  in 
*  Student/  p.  161,  as  meeting  at  a  point  two  thirds  the  distance  from  the 
west  border  to  spot  No.  1.  The  east  edgo  of  sector  is  described  as  cutting 
the  S.E.  border  a  little  west  of  the  middle  of  the  straight  part  of  the  S.E. 
border,  and  the  west  edge  of  sector  cuts  the  south  border  nearly  in  the 
middle.  Mr.  Gledhill  says,  "  the  brightest  part  of  the  iloor  is  the  north  and 
north-west,  near  tho  north  border."  a  was  not  seen  as  a  distinct  sharp  streak. 
"  If/'  says  Mr.  Gledhill,  "  the  east  edge  of  the  sector  be  produced  to  the 
north  border,  the  darkest  part  of  the  floor  lien  to  the  east  of  this  line.  Is 
not  this  the  line  of  fault  marked  in  your  key-plan  (Report  Brit.  Assoc.  1861, 
p.  183)  some  years  ago  ?  and  is  not  this  the  portion  seen  brightest  near 
sunset  at  Plato  on  March  24,  L870?"  Mr.  Glodhill  noticed  that  the  most 
southern-pointed  shadow  (a  blunt  cone)  from  tho  west  border  was  situated 
on  and  in  the  line  of  the  streak  6  (query  e).  lie  does  not  mention  the  bright 
part  of  77  seen  by  Mr.  Elger,  but  gives  the  entire  streak  from  spot  No.  4. 

1870,  July  7. — Mr.  Neison  recorded  the  iloor  as  dark,  =0-66;  he  says, 
"  Never  saw  the  floor  so  dark ;  spots  very  indistinct,  not  visible  continuously." 
This  is  remarkable  at  so  early  an  epoch,  when  the  floor  is  generally  described 
as  light  or  bright.  It  is  also  remarkable  that  the  spots  should  have  been 
indistinct  with  so  dark  a  fioor.  Mr.  Elger  remarked  that  the  sector  could 
just  be  traced. 

1870,  January  11,  5.36.— Mr.  Gledhill  records  the  floor  as  bright,  =0-33. 

Determination  of  the  position  of  sector. — See  Keport  Brit.  Assoc.  1871,  pp. 
66  &  67,  and  ante,  p.  249. 

Mr.  Gledhill  determined  the  S.E.  extremity  of  the  east  edge  of  sector  as 
cutting  the  S.E.  border  nearly  in  the  middle  of  the  straight  wall  to  the  south 
of  II  E  * a,  and  the  south  extremity  of  the  west  edge  as  cutting  the  south 
border  at  a  point  characterized  by  a  line  through  spots  Nos.  3  and  17  pro- 
duced to  the  south  border,  L  e.  spots  Nos.  3  and  17  and  tho  south  end  of  the 
west  edge  of  sector  aliyn.  [On  comparing  this  alignment  with  the  plan 
from  Mr.  GledhilFs  measurements  (p.  66,  Keport  1871),  it  will  be  seen  that 
it  does  not  agree  with  the  plan.  There  is  abundance  of  evidence  to  show 
that  the  boundaries  of  the  markings  are  variable  in  position. — W.  It.  B.] 

Mr.  Gledhill  recorded  the  sector  as  but  little  brighter  than  the  floor;  in 
the  darker  parts  streaks  a,  j3, 17,  y,  8,  e,  {  were  well  seen.  The  N.W.  part  of 
the  floor  was  bright,  and  blended  with  the  brightness  of  a.  7h  Om.  Streak 
ft  extends  a  little  towards  the  S.W.  of  spot  No.  3  ;  streak  r\  cannot  be  traced 
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clearly  up  to  the  border,  but  it  is  very  bright  close  to  the  border.  "It 
seems,"  says  Mr.  Gledhill,  "  as  if  it  were  thrown  off  by  the  bright  lofty  wall 
close  to  the  north  of  II  E  *a."  .  [The  dip  of  the  floor  to  the  border  all  round 
has  been  well  determined.  Does  not  this  dip  prevent  not  only  the  tracing 
of  the  streak,  but  its  really  extending  as  far  as  the  border?]  The  sector 
passes  on  to  spot  No.3,  0  (?)  meets  €  about  halfway  from  the  west  border  to  spot 
No.  i  (sec  ante,  p.  247,  tig,  1) ;  they  are  both  well  seen,  are  sharp,  and  the 
dark  space  between  them  is  sharply  defined,  On  the  same  day  Mr.  Elger's  re- 
cord was  as  follows : — "  The  sector  could  be  traced  from  spot  No.  4,  through 
No.  17,  to  the  southern  rim,  and  from  No.  4  to  the  south  of  the  triangular 
formation,  II  P]  «/'2,  on  the  eastern  rim ;  but  it  was  very  faint  and  badly  de- 
fined. The  streak  y  was  not  seen ;  but  I  remarked  that  the  N.W.  portion  of 
the  floor,  especially  near  the  border,  was  much  lit/hit r  than  the  remainder. 
No  traces  of  the  trident." 

The  difference  between  the  observations  of  Mr.  Gledhill  and  Mr.  Elger  is 
mainly  attributable  to  difference  of  aperture,  with  a  probable  difference  of 
atmosphere ;  they  both  agree  in  the  greater  luminosity  of  the  N.W.  part  of 
the  floor  in  the  neighbourhood  of  Webb's  elbow. 

1809,  August  K>.— See  ante,  p.  2ZI. 

1«70,  December  2. — Mr.  Elger  described  the  sector  ns  very  faint. 

1870,  November  2. — Mr.  Klger  recorded  "faint  traces  of  the  sector."    Mr. 
Neisou  remarked  that  the  streak  of  light  near  spot  1 7  (the  sector),  was  much 
darker,  or  rather  less  bright  than  usual. 

tiummary.— Sun's  altitude  1 1°  :jS'-2  to  Ifr  L>3'\*  ;  tint  of  floor  0-30,  esti- 
mated from  curve.  Streaks  generally  visible — sector,  amis  of  trident,  and 
those  on  the  northern  and  eastern  floor,  vix.  Webb's  elbow,  c,  a,  ft,  ?/,  and  y. 

This  interval  has  been  characterized  by  an  extension  of  the  sector  as  i'ar 
as  spot/  No.  IJ  on  January  1  1,  1>S70,  and  of  streak  ft  beyond  the  same  spot  3 
on  the  same  day.  Were  those  extensions  due  to  uctivity  in  group  li  ?  It 
may  be  noted  that  streak  a  was  well  seen  on  the  same  day.  Another  inter- 
esting feature  of  the  interval  is  the  retention,  during  the  night  between 
sunset  in  March  and  sunrise  in  Apiil,  of  the  ijuality  by  certain  portions  of 
the  floor  by  which  they  reflect  light  more  strongly  than  under  ordinary  cir- 
cumstances. The  extreme  faint  ness  of  the  sector  on  November  2  and  De- 
cember ~,  1870,  as  well  as  its  general  taint  ness,  iy  remarkable. 

Interval  4S  to  (JO  hours. 

1871,  March  1. — Mr.  (Jlcdhill  recorded  the  floor  as  light,  =  CKW;  streaks 
very  faint,  not  well  seen.     Mr.  Elger  described  them  us  geuerally  faint,  espe- 
cially those  on  the  southern  part  ol'thc  floor. 

1870,  May  10.-  Mr.  Klger  speaks  of  the  sector  and  streak  y  as  very  bright 
and  sharply  defined,  ft  much  brighter  than  q.  Trident  iaint,  especially  the 
west  ami  e.  The  lighter  portion  oi'  the  floor  near  the  N.W.  border  was  taint, 
especially  at  the  west:  it  appeared  to  follow  the  curvature  of  the  border  of 
Plato.  No  trace  of  the  el  how.  Mr.  Gledhill  recorded  the  floor  as  tk  near 
medium  "  [registered  =0v>0],  and  the  streaks  brighter  than  last  night  [the 
9th],  Mr.  (iledhill  mentioned  his  having  seen  o,  from  which  it  may  he  in- 
ferred either  that  the  streak  was  really  brighter  than  on  the  Dth  (see  ante, 
p.  273),  or  that  the  brightness  on  the  northern  part  of  the  floor  had  declined 
in  intensity.  Mr.  Pratt  says :  u  b  [the  sector]  and  K  were  of  the  streaks  the 
most  visible.  The  whole  of  the  western  end  of  the  floor  which  was  in  light 
appeared  covered  by  a  continuous  haze  of  brightness,  the  chord  of  the  arc 
running  nearly  N.  and  8. ;  a  faint  glimmer  of  £  was  all  that  was  possible." 
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The  light  portion  of  the  floor  Mr.  Pratt  described  as  extending  from  the  west 
border  as  far  as  the  streak  g  and  Webb's  elbow,  as  shown  on  the  tinted 
plate  in  «  Student,'  April  1870,  p.  161. 

1870,  March  12. — Mr.  Gledhill  records  the  floor  as  "  light,  like  the  sur- 
face of  the  Mare  JFrigoris,  <  medium.' "     I  have  registered  it  as  0-42.     Ho 
says,  "  all  streaks  seen  except  X,  which  runs  west  from  the  spot  No.  3."     Of 
streak  r\  he  says,  "  rj  does  not  reach  up  to  No.  4 ;  it  is  a  brush  of  light  near 
the  inner  border  just  to  the  N.  of  II  E  *  3."     ["This  certainly  does  not  accord 
with  17,  but  is  much  nearer  tho  position  of  Pratt' 8  7.     There  appears  to  bo 
good  evidence  that  the  streaks  slightly  vary  in  extent  and  position. — W.  R.  B.] 

1871,  January  1. — Mr.  Elger  described  the  markings  as  "  all  faint,"  but 
did  not  specify  them,  except  p,  of  which  he  says,  "  the  new  marking  on  tho 
south  side  of  tho  floor  could  bo  traced  to  the  cast  of  spot  No.  5  (to  about  half- 
way between  5  and  17)."     In  his  sketch  December  4,  1870,  Mr.  Elgcr  places 
spot  No.  5  on  the  west  edge  of  £. 

1870,  August  0. — Mr.  Gledhill  recorded  the  floor  as  medium,  =0'50,  and 
tho  streaks  as  faint  and  scarcely  distinguishable  from  tho  floor.  On  the 
same  evening  Mr,  Elger  says,  "  Sector  seen,  but  its  borders  were  very  badly 
defined."  He  also  described  the  west  portion  of  tho  floor  as  of  an  even  light 
colour.  This  observation  is  greatly  in  accordance  with  Mr.  Pratt's  of  May  10, 
1870  (see  ante,  p.  277);  tho  increase  of  light  in  both  cases  most  probably 
depended  upon  the  same  agency. 

1860,  December  13.— Mr.  Gledhill  recorded  the  tint  of  floor  as  light,  =0-33, 
the  N.  and  N.W.  portions  being  the  brightest.  The  sector  was  well  seen, 
extending  as  far  as  spot  No.  3,  with  a  bright  base  resting  on  the  border ; 
a  and  its  vicinity,  both  1o  the  south  and  up  to  the  north  border,  bright  and 
difficult  to  separate.  It  [this  brightness]  extends  up  to  $  [and  consequently 
includes  *  and  c]  ;  S  widens  as  it  approaches  the  border  of  Plato.  [Does 
Mr.  Gledhill  mean  that  the  light  surface  extended  from  the  western  arm  of 
the  trident  on  the  N.W.  and  N.  as  far  as  spot.  No.  3?  If  >so,  the  great 
northern  streak  would,  in  consequence  of  the  sector  and  c  being  connected 
by  the  extension  of  the  sector  to  spot  No.  3,  have  nearly  the  same  contour 
as  given  by  Mr.  Pratt  on  August  17, 18(H),  see  ante,  fig.  5,  p.  252.]  e  and  £ 
were  well  seen.  Neither  y  nor  /3  were  strong  nor  broad;  77  was  the  faintest 
streak  on  the  floor. 

Mr.  Gledhill  speaks  of  streak  I  wittcnim/  as  it  approached  the  border.  This 
widening  is  by  no  means  an  uncommon  occurrence ;  the  sector  is  a  familiar 
example,  also  the  streak  n  has  presented  this  phenomenon  :  both  the  sector 
and  i?  proceed  from  spot  No.  4,  which  of  all  the  spots  is  characterized  by  the 
most  remarkable  appearances.  Now  this  widening  is  closely  in  accordance 
with  ejecta  spreading  from  an  orifice  as  it  descends  a  surface  slightly  inclined. 

Mr.  Elgcr  has  shown  (Report  Brit.  Assoe.  1871,  p.  71)  that  the  surface 
between  spots  Nos.  1  and  4  is  depressed.  Mr.  Gledhill  says  :  "  I  have  never 
noticed  that  portion  of  the  trident  east  of  the  spot  No.  1  ;  I  am  looking  for 
it.  I  always  see  that  portion  of  the  trident  in  which  spot  No.  22  is  situated 
as  nearly  in  a  line  with  spot  No.  1  and  II  E  ^ 2." 

1870,  October 4. — Mr.  Elger  saw  the  sector  only;  it  was  in  strong  contrast 
with  the  floor.  He  also  exhibits  the  light  border  skirting  the  west  side  of 
the  floor.  Mr.  Gledhill  says: — "  The  west  portion  of  the  floor  is  the  brightest ; 
the  line  of  separation  runs  through  a  point  midway  between  spot  No.  1  and 
the  west  border,  and  both  ways  to  the  north  and  south  borders.  This  space 
includes  Webb's  elbow,  c,  the  west  end  of  £,  and  S.W.  end  of  e."  Similar 
observations  of  this  light  portion  are  recorded  under  May  9  and  10,  the 
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latter  by  Mr.  Pratt ;  also  on  August  6  by  Mr.  Elgcr.  These  observations- 
are  in  contrast  with  those  of  Mr.  Grledhill.  18G9,  December  13  (see  ante, 
p.  278). 

Nummary.— Sun's  altitude  15°  23' -2  to  19°  2'*0 ;  tint  of  floor  0-41,  esti- 
mated from  curve.  Streaks  generally  visible — the  sector,  arms  of  trident, 
and  a,  /3,  y,  with  th  not  quite  so  frequent,  generally  faint ;  but  on  Oct.  13 
Mr.  Gledhill  saw  the  streaks  stronger  in  the  S.W.  On  May  10,  1870,  the 
streaks  were  recorded  as  blight;  and  on  October  X  and  4,  1S70,  the  floor 
remained  in  a  similar  state,  viz.  d«rL\  with  the  sector,  although  faint,  strongly 
contrasted  with  it.  The  N.W.  part  of  the  floor  does  not  appear  to  have 
attracted  special  attention  on  December  Jo,  LbOO,  March  11  and  12,  1870, 
nor  on  January  I  and  March  1,  1871. 

Interval  GO  to  7:2  hours. 

1870,  May  10. — See  interval  48  to  (JO  hours,  ante,  p.  277. 

1870,  July  8.— Mr.  Gledhill  recorded  the  floor  as  bright,  =0-33.  The 
sector  and  streaks  a,  ?,  and  e  were  seen  as  bright  objects.  He  gives  no 
record  of  a  bright  X.\V.  floor. 

1870,  January  12. — Mr.  Uledhill  writes,  "  Streaks  all  seen,  but  not  so 
bri»ht  as  last  night."  Same  evening  Mr.  Elgor  writes: — ',fc Tracing  Xo.  I. 
(see  ante,  p.  274,  tig.  1 1)  is  from  ;i  drawing  made  about  7h  25m,  which,  as  far 
as  all  the  in  ark  ings  are  concerned,  scarcely  differs  from  Xo.  II.  for  December 
180'J.  [In  the  tr.ieing  for  Dec.  15,  IM><J,  the  one  referred  to  (see  fig.  13, 
p.  283),  the  streak  y  is  absent  and  the  brightness  on  the  floor  adjoining  the 
west  border.]  1  noted  the  sector  as  the  plainest  and  be*t  denned;  the  three 
branches  of  tho  trident  could  just  be  traced,  but  they  were  very  ill-defined; 
the  fan  [17]  from  No.  t  was  plain,  and  the  eastern  portion  (under  the  east 
rim)  very  bright  as  compared  with  the  other  markings.  The  streak  y  was 
well  seen,  though  faint;  /}  could  ulso  bo  traced,  but  I  was  unable  to  see  any 
signs  of  spot  Xo.  JW  |  within  or  on  it).  On  the  same  evening,  January 
12,  Mr.  Pratt  writes:  >*  Sector  I  seen  badly  without  >S. K.  rat/  [7|,  and  con- 
nected JLS  usual  with  streak  c  [agreeing  in  this  respect  with  Mr.  (Jledhill's 
Boeings],  which  appeared  connected  with  the  north  border  near  in  [this  con- 
nexion is  by  Webb's  elbow  /"].  Trident  observed,  excepting  the  junction  of 
its  arms :  its  stem  seen.  Contour  of  floor  very  similar  to  sketch  of  1869, 
August  20."  [Oil  December  Itt,  180J),  Mr.  (iledhilKs  seeings  were  some- 
what similar  (see  interval  4S  to  00  hours,  ante,  p.  278).] 

1800,  August  17.-™  See  ro?fr',  p.  252. 

ISO!),  Xovember  1  1.  -Mr.  (Jledhill  recorded  tho  sector  as  "fairly  bright/' 
£  and  e  as  broad  and  bright,  and  extending  beyond  and  through  spots  Xos. 
5  and  14 ;  ft  faint,  and  a  entirely  east  of  spot  Xo.  10,  and  from  it  a  extends 
to  the  east  border. 

Summary.—  Sun's  altitude  10°  2'-(>  to  22°  31'-^  ;  tint  of  floor  0'43,  esti- 
mated from  curve.  Streaks  generally  visible — see  tor,  east  and  middle  arm 
of  trident;  the  others  are  not  so  frequent,  but  more  of  them  are  seen,  and 
they  are  mostly  brighter  than  in  the  earlier  intervals.  1870,  July  7  and  8, 
there  appears  to  have  been  an  absence  of  brightness  in  tho  X.W.  part  of  the 
floor. 

Interval  72  to  84  hours. 

1870,  April  11. — Mr.  Elger  recorded  that  all  tho  markings  seen  on  the 
10th  inst.  were  rcobserved  with  the  addition  of  the  west  arm  of  tho  trident 
(€)  ;  "  o  "  was  very  ha/,y  and  ill-defined,  »;  well  seen.  On  tho  same  evening 
Mr.  (Uedhill  recorded  tho  floor  as  medium,  =0'50.  The  north  floor  at  the 
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foot  of  the  north  border  was  brightest,  especially  at  the  N.W. ;  all  streaks 
rather  faint,  especially  the  sector.  Mr.  Pratt  speaks  of  "  cloud  "  in  the  N.W. 
and  S.W.,  where  a  ray  from  Anaxagoras  appears  to  cross  the  floor,  inter- 
fering with  the  trident,  of  which  the  arm  east  of  spot  No.  1  (£)  and  the  west 
arm  («)  were  much  obscured. 

1871,  March  2. — Mr.  Elger  records  the  markings  as  mostly  faint.  "Webb's 
elbow  and  the  streak  a  extending  from  spot  No.  19  to  spots  20  and  21  veiy 
distinct.  The  new  marking,  p  (Mr.  Pratt's),  wes.t  of  No.  5,  faint  but  trace- 
able. 

1870,  March  13. — Mr.  Elger  described  the  markings  as  faint  and  ill- 
defined  ;  they  were  the  same  as  seen  on  January  12,1 870.  Mr.  Gledhill 
recorded  the  floor  as  "  medium  or  light,  like  Marc  Frigoris,"  registered  =0-42. 
"Webb's  elbow  was  well  seen  near  the  foot  of  the  inner  N.W.  border. 

1870,  June  1). — Mr.  Elger  recorded  the  markings  as  faint  and  difficult  to 
trace.  The  streak  a  on  the  N.W.  part  of  the  floor  had  the  same  nebulous 
appearance  that  it  had  on  May  10.  [Mr.  Elger  does  not  appear  to  have 
noticed  a  brightness  of  the  N.W.  part  of  the  floor  equal  to  that  observed  on 
May  9.] 

1870,  February  1 1 . — "Mr.  Elger  writes  : — "  All  the  markings  shown  on 
tracing  No.  II.  (1870,  January  14)  were  seen,  but  they  wore  very  faint. 
The. three  branches  of  the  trident  eould  just  be  traced."  On  the  same  evening 
Mr.  Gledhill  says  : — "  Streaks  a,  /3,  y,  c,  F,  £  are  well  seen,  as  also  the  sector. 
I  see  a  faint  streak  /*  just  above  the  west  end  of  a  and  parallel  with  it ;  this 
streak,  if  produced  custwardly,  would  pass  just  north  of  bpot  No.  3  (sec 
fig.  16,  2>ost,  p.  280).  The  streak  A  is  seen  easily,  it  is  the  faintest ;  streak 
/5  extends  a  little  to  the  west  of  spot  No.  3.  There  is  a  strong  brush  of 
light  from  the  border  just  north  of  LI  E  ^2,  from  which  a  faint  streak  runs  up 
to  spot  No.  4."  [Is  this  Mr.  Pratt's  /?  its  direction  agrees,  but  its  locality 
is  rather  too  far  to  the  north.  See  interval  48  to  GO  hours,  1870,  March  12, 
ante,  p.  278.] 

1869,  December  14. — Mr.  Elger  recorded  a  and  its  continuation  "  OM  as  the 
brightest  and  best  defined  on  the  floor,  and  he  shows  Webb's  elbow  in  con- 
tact with  the  N.W.  border.     Mr.  Gledhill  mentioned  the  bright  floor  con- 
necting a  and  fi,  but  without  a  distinct  streak;    he  recorded  the  floor  as 
light,  =  0*153,  and  all  the  streaks  as  well  seen,  rj  the  faintest,  and  the  extension 
of  the  sector  to  spot  No.  3  not  easy.     Mr.  Kl^er  says : — "  The  sector  I  noted 
as  faint  and  difficult  to  trace  ;  the  middle  prong  of  the  trident  appeared  to  bo 
the  brightest  on  the  8.W.  side  of  the  floor ;  it  could  be  traced  as  far  us  spot 
No.  14."     Mr.  Pratt  noticed  the  trident  shaded  oif  round  spot  No.  1,  the 
sector  nearly  divided  between  spots  Nos.  3  and  4,  and  y  in  contact  with  tho 
sector. 

Summary.— Sun's  altitude  22°  31 '-3  to  25°49'-f>  ;  tint  of  floor  0-49,  esti- 
mated from  curve.  Streaks  generally  visible — sector,  trident,  and  tho  N.E. 
streaks  a,  /3,  ?/,  and  y  mostly  faint ;  X  and  p.  were  observed  on  February  1 1 , 
1870  ;  and  a,  with  its  continuation  "  o,"  was  recorded  as  the  brightest  and 
best  defined  on  the  floor  on  December  14,1869. 

Interval  84  to  90  hours. 

1870,  March  13. — See  interval  72  to  84  hours,  see  above. 

1870,  December  4. — Mr.  Elger  writes: — "The  marking  connecting  the 
middle  and  cast  arms  of  the  trident,  which  was,  I  believe,  first  seen  by  Mr. 
Pratt  last  spring,  I  found  a  very  easy  object,  fully  as  bright  as  the  brightest 
portions  of  the  trident ;  it  follows  the  curvature  of  the  south  border,  and, 
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crossing  the  east  arm  of  the  trident,  terminates  about  halfway  between  the 
latter  and  the  west  limit  of  the  sector.  During  the  May  and  June  lunations 
I  had  faint  glimpses  of  it,  but  it  was  then  a  more  difficult  object  than  it 
is  now." 

1870,  September  0.— Mr.  Gledhill  recorded  the  floor  as  dark,  =0-66. 
Streaks  very  bright  and  well  seen. 

1S09,  November  15. — Mr.  Pratt  has  the  following  remarks  on  the  light- 
streaks  : — "  The  trident  and  sector  were  both  reobservcd  complete,  with  the 
exception  of  the  shading  off  round  spot  No.  1.  (See  interval  72  to  84  hours, 
ante,  p.  280.)  A  considerable  addition  was  also  well  observed.  J°.  The  sector 
appeared  widened  out  between  spots  Nos  3  and  4.  2°.  The  N.E.  streak  was 
traced  of  the  form  sketched,  and  in  contact  with  the  border.  [This  appears 
to  be  the  earliest  instance  of  the  greater  reflective  power  of  the  northern  part 
of  the  floor,  which  is  independent  of  libration,  inasmuch  as  both  on  August 
20,  when  the  streak  was  quite  free  from  the  border,  and  on  this  day,  when 
in  contact  with  it,  the  moon  had  south  latitude.  It  is  also  independent  of 
illuminating  angl'%  as  it  was  most  extensive  and  brightest  at  an  interval  of 
24  to  .'50  hours  (see  that  interval,  May  9).]  tf".  A  toiiguo  of  light  jutting 
out  from  the  border  on  tiic  north  of  JJ.  and  M.'s  £,  /.  c.  the  high  rock  at  tho 
east  of  Plato.  [This  is  tho  streak  /?,  first  recorded  by  Mr.  Gledhill  on  Oc- 
tober 10,  1^09.  ]  4°.  The  sector  ["or  streak]  on  tho  noith  of  spot  No.  X  spread 
out  as  far  as  the  border,  and  enclosing  spots  No.  20  and  21.  o°.  The  streak 
r  made  another  contact  with  the  border  near  spot  No.  10  [this  contact  is 
Webb's  elbow).  The  streak  was  connected  with  the  NAY.  ami  (e)  of  tho 
trident,  being  continued  beyond  its  usual  termination  near  spot  No.  13,  and 
could  be  traced  to  about  halfway  towards  the  middle  arm  (F),  beyond  which 
it  was  quite  invisible."  [On  the  next  luni-solar  day,  December  1^,  1M>9, 
interval  48  to  00  hours,  the  same  general  distribution  of  the  streaks,  with 
the  extension  of  the  lighter  surface  to  the  north  border,  was  see,n  by  Mr. 
Gledhill  (see  ante,  p,  27<S).  ]  In  Mr.  Glc<ihiir$  observations  of  November  13, 
he  does  not  mention  the  streaks  separately,  but  gives  on  the  diagram  tho 
sector  b  diverging  from  spot  No.  4.  He  does  not  indicate  the  widening  out 
between  spots  Nos.  X  and  4,  as  seen  by  Mr.  Pratt.  He  gives  y  and  ft  both 
up  to  the  border,  also  the  streaks  «  and  r,  but  does  not  give  the  continuation 
into  the  trident,  which  it  appears  ho  did  not  observe  except  the  streak  3. 

1809,  October  10. — Mr.  Trait  recorded  the  junction  of  the  trident  as 
difficult,  especially  so  ju^t  \vt_st  of  spot  No.  1  ;  the  sector  and  c  much  the 
brightest. 

Nummftrif.— Sun's  altitude  2;")°  49'-5  to  2S°  M'-tt :  tint  of  floor  0-52, 
estimated  from  curve.  Streaks  generally  visible- -the  sector  and  trident,  the 
N.E.  streaks  less  frequent  ;  trident  seen  complete  with  stem  on  October  10 
and  November  1 5  by  Mr.  Pratt. 

Interval  90  to  lUS  hours. 

1870,  April  12.— Mr.  Gledhill  recorded  the  floor  as  dark,  =0-06;  he  de- 
scribed the  streaks  as  all  brighter  than  on  tho  1 1th.  Mr.  Pratt  on  the  same 
e,vening  recorded  tho  sector  as  very  easy  ;  also  /,  K%  c,  a,  and  ft  ;  ?j  was  seen, 
not  as  a  streak,  but  a  tongue  of  light  running  from  the  border  towards  spot 
No.  4.  The  streak  n  (very  rarely  seen)  was  observed  extending  from  spot 
No.  1  to  streak  K  ;  £  and  r,  the  eastern  and  the  middle  arms  of  the  trident,  were 
difficult ;  the  western  arm  of  tho  trident  was  very  faint.  The  whole  area 
bounded  by  spots  Nos.  14,  1,  and  16  with  the  western  border  very  Tiazy. 
Crater  G  on  the  exterior  N.W.  slope  well  defined  at  times. 
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1871,  March  3. — Mr.  Gledhill  recorded  the  floor  as  dark,  =  0-6G  ;  the  streaks 
bright.  Mr.  Pratt  recorded  the  floor  as  medium, =0-50.  This  evening  he 
witnessed  an  unusual  display  of  streaks,  as  many  as  fifteen,  which  he  arranged 
in  order  of  brightness  thus  : — the  sector,  the  curved  streak  K  near  the  north 
border,  the  streak  ft  from  the  triple  group  of  spots  Nos.  3,30,  and  31,  the 
streak  a  from  spot  No.  19  to  the  N.E.  border,  the  middle  arm  of  the  trident  e, 
the  N.W.  curved  streak  e,  Webb's  elbow  i,  the  eastern  arm  of  the  trident  £ , 
the  N.  bifurcation  of  the  western  arm  I  and  the  southern  bifurcation  0, 
the  narrow  streak  from  8.W.  to  N.E.,  n,  very  rarely  seen,  the  short  arm  Z  of 
the  sector  towards  the  S.E.  also  very  rarely  seen,  the  streak  y  from  spot 
No.  6,  the  streak  rj  from  spot  No.  4,  and  the  new  streaky  from  spot  No.  5  to 
spot  No.  17  (this,  Mr,  Pratt  remarked,  was  seen  easily  joining  the  eastern 
arm  of  the  trident  and  the  sector  from  a  point  opposite  to  No.  5  to  a  point 
closely  south  of  No.  17;  it  was  narrowed  about  the  middle).  The  streaks  /3, 
ct,  and  I  were  far  brighter  than  in  their  normal  state, 

1870,  May  12.— Mr.  Gledhill  recorded  the  iloor  as  dark, =0-66,  and  the 
streaks  bright.  He  does  not  mention  the  sector  ;  but  from  his  remark  that 
all  were  seen,  and  Mr.  Elger  regarding  it  as  u  very  bright,"  1  have  in- 
serted it. 

1 870,  March  14. — Mr.  Elgcr's  record  is  as  follows : — "  The  markings  were 
not  well  seen  ;  the  eastern  arm  of  the  trident  was  the  brightest,  and  could  be 
traced  from  the  south  rim  of  Plato  to  spot  No.  1,  passing  to  the  west  of  spot 
No.  5.  The  streak  y  was  very  plain  ;  the  rest  of  the  markings  were  very 
faint  and  difficult  to  make  out."  Mr.  Elger  further  says  : — **  In  spite  of  the 
haziness  of  the  sky,  the  markings  and  minute  details  of  the  northern  part  of 
the  Mare  Imhrium  were  seen  with  unusual  distinctness."  [This  is  another 
important  testimony  to  the  unequal  visibility  of  objects,  and  would  indicate 
that  the  indistinctness  of  the  markings  on  Plato  was  dependent  upon  some 
agency  more  immediately  connected  with  the  moon  itself,  j  About  an  hour 
earlier  on  the  same  evening  Mr.  Pratt  observed  Plato,  and  recorded  the  mark- 
ings as  rather  easily  visible.  He  observed  all  he  had  seen  before,  which  were 
of  almost  the  identical  forms  of  18(>9,  November  15  (see  interval  84  to  90 
hours,  ante,  p.  281).  He  also  recorded  two  bright  streaks  from  Anaxayoms, 
which  crossed  the  N.\V.  border,  the  streak  c,  arid  the  N.W.  arm  of  the 
trident,  and  somewhat  confused  at  first  sight  the  light-markings  on  tho 
floor  (sec  ante,  p.  280). 

1870,  June  10. — Mr,  Elger  recorded  the  sector  and  the  streak  y  as  tho 
brightest  markings  ;  rj  and  ft  were  faint,  especially  rj ;  /3,  though  faint,  could 
be  traced  up  to  spot  No.  3.  The  eastern  portion  of  a  was  bright  and  well 
defined  ;  the  west  portion  had  a  hazy  appearance,  as,  indeed,  had  the  whole 
of  the  N.W.  portion  of  the  floor.  Mr.  Gledhill  described  the  streaks  and 
spots  as  bright*  and  seen  as  on  June  0  ;  he  recorded  the  floor  as  dark,  =0-06. 

1 870,  February  1 2.— Mr.  Gledhill  recorded  the  floor  as  "medium,  but 
nearer  dark."  1  have  registered  it  at  0*55.  Streaks  all  seen,  except  tho 
two  faint  ones  X  and  /.t ;  e,  the  middle  arm  of  the  trident,  brighter  than  cither 
4*  or  5  ;  a  very  broad  and  bright ;  ft  and  y  well  seen  ;  r\  not  distinct  near  spot 
•No.  4,  but  bright  near  the  border  of  Plato. 

1870,  August  8. — Mr.  Gledhill  recorded  the  floor  as  rather  dark,  =  0'70. 
Streaks  not  very  bright,  but  well  seen. 

1869,  December  15. — Mr.  Elger  writes : — "  The  markings  on  the  floor 
were  much  more  distinct  than  on  the  14th.  The  prongs  of  the  trident  (£,  e, 
e),  the  sector  (6),  a  fan  of  light  extending  from  spot  No.  4  to  the  east  rim  (?;), 
and  the  brush  (/3),  on  which  spot  No.  32  is  situated,  are  shown  on  fig.  13. 
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Mr.  Elger's  diagram  of  this  date  fully  confirms  the  observations  by  Mr.  Gled- 
hill  of  the  streaks  /3  and  ^  and  their  parallelism  with  a  in  September  and 

Fig.  13. 


Plato,  Dec.  16,  1809.— T.  G.  E.  Elger. 

October.  I  believe  this  to  be  Mr.  Elger's  first  observation  of  these  streaks. 
Taking  into  consideration  the  difference  of  apertures,  were  they  first  within 
reach  of  the  smaller  aperture  of  4  inches  on  this  day  (December  15)  ?  If  so, 
did  they  become  brighter  during  the  interval  that  elapsed  since  Mr.  Gledhill 
first  saw  them  ?  At  the  close  of  the  October  (18(59)  observations,  Mr.  Gledhill 
furnished  the  following  information : — "  Parallel  streaks  on  N.E.  floor.  I  have 
gone  over  all  my  observations,  and  find  that  y  (see  fig.  9,  ante,  p.  263)  has 
always  been  seen  except  at  sunrise  and  sunset.  /3  appears  in  my  observations  for 
the  first  time  September  25, 1809,  about  11  hours.  At  this  time  the  light  sector 
passed  beyond  spot  No.  4,  and  had  its  apex  about  spot  No.  3.  It  was  also  seen 
at  this  point  again  on  October  21  at  1 2  hours."  [Was  there  any  connexion  be- 
tween the  sector  extending  as  far  as  spot  No.  3  and  the  streak  ft  emanating 
from  the  same  spot,  as  if  the  spot  or  group  had  been  in  eruption  ?  The  very 
short  extension  of  the  streak  /3  seen  once  or  twice  by  Mr.  Gledhill  beyond 
spot  No.  3  towards  the  S.W.  is  curious,  as  if  it  were  an  outflow  in  that  direction 
which  could  not  proceed  in  consequence  of  the  rising  of  the  ground.]  Mr. 
Gledhill  further  remarks : — "  I  saw  /3  a  few  hours  before  sunset  on  Plato  on 
the  27th  of  September,  1809,  and  also  the  sector  and  some  other  streaks. 
The  streak  */  was  first  seen  by  me  about  11  hours  on  October  the  19th,  1869. 
It  comes  from  that  fine  summit  on  the  crater- wall  (the  rock  (  of  B.  and  M,) 
which  casts  the  long  shadow  on  the  plain  at  sunset.  The  streak  /3  I  think 
comes  from  a  portion  of  the  inner  slope,  which  is  often  highly  illuminated ; 
j3  and  »/  are  nearly  always  seen  now.  [Mr,  Gledhill  appears  to  regard  these 
streaks  as  emanating  from  the  wall.  Is  it  not  more  likely  that  rj  emanates 
from  spot  No.  4,  and  /3  from  spot  No.  3  ? — W.  R.  B.]  On  the  evening  of  De- 
cember 15,1809,  Mr.  Gledhill  recorded  the  streak  ft  as  fairly  bright,  and »/ 
as  faint  near  spot  No.  4,  with  a  broad  brighter  base,  which  is,  as  mentioned 
elsewhere,  quite  in  accordance  with  phenomena  of  eruption  from  spot  No.  4. 
I  have  made  the  following  remarks  on  the  form  containing  Mr.  GlcdhiU*8 
observations  : — "  77,  which,  if  I  remember  rightly,  Mr.  Gledhill  first  saw  as  a 
narrow  strealc,  to-m^M  is  described  as  broad,  with  bright  base,  faint  near 
spot  No.  4.  Mr.  Elger  on  the  same  evening  described  a  '  fan  '  of  light  from 
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spot  No.  4.  He  has  not  mentioned  it  before.  Mr.  Elger  gives  /3  with  the 
spot  No.  32,  discovered  by  him  this  evening."  Mr.  GledhilPs  record  of  the 
remaining  streaks  observed  by  him  is  as  follows  : — "  e  and  £  bright,  broad ; 
a,  /3,  y,  5  fairly  bright ;  £  extends  up  to  spot  No.  4  ?  ;  €  extends  as  far  north  as 
£ ."  He  agrees  with  Mr.  Elger  in  recording  the  "  streaks  as  brighter  than 
last  night,"  the  14th.  He  does  not  mention  the  sector ;  but  I  suppose  he  saw 
it.  In  speaking  of  £  extending  to  spot  No.  4,  does  he  refer  to  rj  ? 

1870,  October  6. — Mr.  Glcdhill  recorded  the  floor  as  medium,  =  0-50;  tho 
streaks  very  bright.  Mr.  Elger,  the  same  evening,  ^.  -.  . 

described  them  as  all  faint,  especially  on  the  east  ^' 

side  of  the  floor.  Webb's  elbow  and  c  he  de- 
scribed as  plain  :  a  sketch  is  given  of  the  junction 
much  the  same  as  it  was  seen  on  August  11, 1870 
(interval  168  hours  to  meridian,  see  fig.  18,  post, 
p.  289) ;  the  western  strip  of  light  on  the  floor 

appears  to  have  subsided  since  October  4,  as  ob-  1870)  Octt  6*~~T-  G-  E-  El 
served  on  May  10,  compared  with  May  9,  1870  (see  ante,  pp.  273  &  277). 

Summary.— $mis  altitude  28°  54'-3  to  31°  42'*7;  tint  of  floor  0-54,  esti- 
mated from  curve.  Streaks  generally  visible — sector,  trident,  and  N.E.  streak. 
The  trident  with  stem  was  seen  complete  by  Mr.  Pratt  on  March  14,  1870. 
The  streak  n,  which  is  very  rarely  seen  indeed,  was  observed  on  April  12, 
1870,  and  also  on  March  3,  1871.  The  streaks  were  mostly  bright. 

Interval  108  to  120  hours. 

1870,  May  12. — Mr.  Elger  recorded  the  sector  and  streak  y  as  very  bright 
and  well  denned;  fl  brightest  near  spot  No.  3,  and  faint  at  border.  The 
three  arms  of  the  trident,  £,  c,  e,  faint,  but  easily  traced  ;  the  floor  noted  as 
very  dark  between  €  and  e.  The  projection  from  Webb's  elbow,  c,  seen 
during  the  April  lunation,  although  plainly  seen,  could  not  be  traced  so  far 
to  the  south  as  before,  and  was  not  so  sharply  defined ;  indeed  all  the  west 
portion  of  the  N.W.  marking  (i.e.  the  brightness  in  the  N.W.)  was  hazy. 
[Haziness  on  the  W.  and  N.W.  part  of  the  floor  was  noticed  on  April  11, 
1870,  by  Mr.  Elger.  On  April  12,  1870;  by  Mr.  Pratt,  who  described  it  as 
very  Jiazy.  On  June  10,  1870,  by  Mr.  Elger.]  The  streak  a  east  of  spot 
No.  16  was  very  bright  and  well  defined,  and  Webb's  elbow  was  very 
evident.  The  localities  of  spots  Nos.  33  and  3o  were  the  brightest.  On  the 
Bame  evening  and  interval,  Mr.  Pratt  described  the  sector  as  but  faintly 
seen,  and  with  the  very  same  aspect  as  his  first  view  of  it,  vix.  a  streak 
sloping  more  N.W.  and  8.E.  than  usual,  its  western  edge  quite  straight,  its 
eastern  edge  slightly  curved  and  fan-shaped  ;  all  other  streaks  invisible. 

1870,  January  14. — Mr.  Elger  writes: — "The  markings  were  at  times 
very  distinct,  the  east  portion  of  y  unusually  so.  I  was  unable  to  make  out 
Webb's  elbow.  The  streaks  7?,  /3,  y,  tho  sector,  and  trident  were  all  di- 
stinctly seen.  I  much  regret  that  the  long  spell  of  cloudy  weather  prevented 
me  from  observing  the  markings  after  the  14th  instant,  as  I  think  those  on 
the  east  side  of  the  floor  (y,  /?,  ft)  were  visible  much  sooner  after  the  first 
quarter  during  this  lunation  than  they  were  during  the  last.  [Had  they 
become  brighter?  See  Interval  96  to  108  hours,  186$),  December  15,  ante, 
pp.  282-284.]  There  appeared  also  to  be  something  abnormal  about  spots 
Nos.  1,  3,  4,  5,  and  17.  Spots  Nos.  6,  24,  &c.  I  was  unable  to  make  out, 
although  they  were  seen  on  the  14th  of  December,  1869. 

1870,  September  7. — Mr.  Gledhill  recorded  the  floor  as  dark,  =  0'66 ; 
streaks  all  very  bright. 
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1869,  November  16. — Mr.  Gledhill  recorded  the  floor  as  very  bright, 
=0*10  ;  he  says:  "  I  never  saw  the  floor  so  bright ;  streaks  very  bright  in- 
deed, definite  and  easy.  I  have  drawn  them  as  I  saw  them.  That  drawn 
through  No.  5  does  not  quite  reach  spot  No.  1.  Streaks  0  and  8  [the 
bifurcation  of  e]  meet  halfway  between  the  extremity  of  B  (which  originates 
at  the  foot  of  the  inner  slope  in  a  bright  elevation  on  the  floor  close  to 
the  foot,  probably  B.  and  M.'s  mountain-peak  r>)  and  spot  No.  1." 

1869,  October  17. — Mr.  Gledhill  recorded  the  floor  "  as  dark  as  the  south 
part  of  the  Mare  Serenitatia  (?),  registered  as  medium, =0-50."     He  also  re- 
corded a  well-seen  streak  which  covered  spots  Nos.  13,  19,  and  16,  parallel 
to  the  streak  /3,  whicn,  if  produced  to  E.N.E.,  would  cut  the  north  border  of 
crater  A  outside  Plato.    The  western  portion  is  designated  "  o,"  the  eastern  «. 

Summary.— Sun's  altitude  31°  42'»7  to  34°  ll'-5';  tint  of  floor  0-57,  esti- 
mated from  curve.  Streaks  generally  visible — the  sector  and  N.E.  streaks ; 
arms  of  trident  not  so  frequently  seen.  The  streaks  were  mostly  bright,  and 
especially  so  on  November  16,  1869. 

Interval  120  to  132  hours. 

1871 ,  March  4. — Messrs.  Gledhill  and  Neison  record  the  floor  as  dark, 
=0-66.  Mr.  Neison  speaks  of  the  N.W.  and  S.E.  portions  of  the  floor  as 
indistinct  from  broken  light  and  streaks  (see  Keport  British  Association, 
1871,  p.  81) ;  and  Mr.  Gledhill  speaks  of  the  arms  of  the  trident  being  very 
broad  and  diffuse. 

1870,  June  11. — Mr.  Elger  could  only  see  the  sector  and  the  three  arms 
of  the  trident,  all  faint.     The  same  evening  Mr.  Gledhill  recorded  the  floor 
dark,=0*66;  streaks  bright. 

Summary.— Sun's  altitude  34°  11 '-5  to  36°  17'-5 ;  tint  of  floor  0-60. 
Streaks  generally  visible — sector,  arms  of  trident,  and  N.E.  streaks  except  r\. 

Interval  132  to  144  hours. 

1870,  April  14. — Mr.  Elger  described  the  streak  /3  as  very  plain  and 
bright,  brighter  than  y.  The  middle,  e,  the  brightest  portion  of  the  trident ; 
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Plato,  1870,  April  14.— T.  G.  E.  Elger. 

if  plain,   brightest  near  the  border,  directed  from  the  border  towards  spot 
Wo.  4 ;   diminishing  in  breadth  as  it  approached  No.  4;  it  could  be  traced 
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almost  up  to  it.  The  sector  6  did  not  appear  to  be  equally  bright,  but 
seemed  to  consist  of  light-streaks  directed  towards  spot  No.  4  (see  fig.  15, 
p.  285).  The  most  interesting  feature  observed  this  evening  was  a  project- 
ing arm  from  the  west  end  of  a,  apparently  a  continuation  of  Webb's  elbow 
across  the  end  of  a.  Mr.  Elger  speaks  of  it  as  very  plain,  and  occupying  a 
position  a  little  east  of  the  curved  streak  c,  which  is  far  from  being  con- 
stant in  its  appearance,  even  if  it  should  have  a  permanent  character. 
On  this  ray  or  projection  I  made  the  following  remark  when  I  received 
the  information  : — "  It  appears  to  be  a  lateral  translation  towards  the  east 
of  c,  the  portion  of  the  curved  streak  west  of  spot  No.  1 6,  nearly  in  a  line 
with  Gledhill' s  6 ;  "  and  I  further  said,  "  this  has  much  the  direction  but  not 
the  position  of  Elger's  h  in  the  tinted  plate  of  the  '  Student/  April  1870, 
p.  161."  Mr.  Gledhill  writes  the  same  evening : — "All  streaks  are  very 
bright,  y  narrow  and  sharp,  >j  not  well  seen  far  from  the  border,  Webb's 
elbow  conspicuous." 

1870,  May  13. — On  this  day  Mr.  Pratt  saw  no  loss  than  42  objects  on 
the  floor  of  Plato,  20  spots  and  16  streaks.  The  stem  of  the  trident  was 
well  seen,  also  the  streak  rj  as  a  fan  or  tongue.  For  Mr.  Pratt's  remarks  on 
the  streaks,  see  Report  British  Association,  1871,  pp.  88-91.  On  the  same 
evening,  May  13,  Mr.  Elger  recorded  the  streak  y  a&  very  bright ;  r\  and  ft 
faint,  rj  the  faintest  on  the  east  side  of  the  floor;  the  three  arms  of  the  tri- 
dent faint ;  a  bright  and  well  defined  ;  c  (the  projection  from  Webb's  elbow) 
nearly  as  bright  as  at  last  lunation,  very  bright  at  the  position  of  spot 
No.  19  ;  sector  very  bright  and  well  defined,  a  dark  zone  between  its  base 
and  the  border  of  Plato.  [This  dark  zone  is  very  unusual.] 

1870,  January  15.— At  6h  Mr.  Gledhill  recorded  "  all  streaks  bright ; " 
the  brightest  were  a  and  ft ;  all  others  (y,  3,  77,  £)  were  seen  well ;  y,  which 
was  seen  as  a  narrow  sharp  bright  streak,  not  broader  than  spot  No.  17, 
cut  II  E^2  a  very  little  south  of  its  middle  point.  The  bright  elbow  (i)  on 
the  N.W.  floor,  at  foot  of  slope  of  wall,  was  well  seen.  At  10h  Webb's 


Streaks  on  Plato,  1870,  January  15.—  J.  Gledhill. 


elbow  was  seen  to  throw  off  an  arm  to  the  south,  towards  the  streak  2  [this 
seems  to  have  been  a  portion  of  the  streak  c].  From  12  to  13  hours,  Mr. 
Gledhill  says,  "  ft  is  fine  and  bright,  but  I  cannot  trace  it  beyond  spot  No.  3. 
The  sector  is  very  bright  ;  it  passes  beyond  spot  No.  4  and  meets  streak  ft  to 
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the  east  of  spot  No.  3.  The  elbow  on  the  N.W.  border,  just  to  tho  S.W.  of 
the  end  of  the  ridge  which  runs  from  the  wall  of  Plato  out  to  tho  N.W.,  is 
well  seen  ;  it  sends  out  an  arm  to  the  south,  which  is  forked.  The  northern 
prong,  which  extends  to  tho  west  border,  is  the  extension  *  o J  of  the  streak  a, 
and  the  southern  prong  c  meets  the  streak  3  west  of  the  point  of  junction  of 
the  streaks  3  and  c."  Mr.  Glcdhill  further  says,  "  T  also  see  another  faint 
streak  sent  off  from  tho  long  northern  streak  «  up  to  the  border ;  it  cuts  the 
border  just  east  of  the  exterior  ridge."  [This  faint  streak  is  marked  v  ;  it 
has  not  been  reobscrved.J  "  A  narrow  faint  streak  runs  from  a  point  a  little 
to  the  S.W.  of  spot  No.  13,  parallel  to  a,  and  joins  the  streak  c  between  its 
junction  with  c  and  e  "  [  this  streak  is  marked  X]  ;  "  there  is  also  a  still 
fainter  and  shorter  streak  (/*)  just  wouth  of  a,  or  rather  its  continuation,  "  o." 
1  tried  to  see  ft  and  the  streak  X  as  a  continuous  streak,  but  could  not; 
neither  did  I  find  that  thoy  were  (jtnfe  in  the  same  S.W.  direction,  but  they 
were  very  nearly  so  indeed.  ?/  could  not  be  traced  quite  up  to  spot  No.  4*; 
on  the  border  it  was  a  large  square  bright  streak  resting  against  the  foot  of 
the  terrace  (lowest)  of  1ho  inner  N.E.  wall." 

The  streaks  X  and  //,  discovered  this  evening,  have  been  observed  only 
by  Air.  died  Hill ;  it  is  probable  that  they  are  too  faint  to  be  seen  with 
smaller  apertures  than  9  inches;  they  have  been  seen  occasionally  between 
January  15,  1870,  and  March  (>,  K^71. 

1S<><),  August  20.— See  ante,  p.  25:*. 

1870,  November  0. — Mr.  (iledhill  recorded  the  floor  as  dark,  =0-00  ; 
streaks  very  bright.  Mr.  Hlger  says  of  them,  tk  all  faint  and  difficult  to  trace, 
those  on  the  east  side  of  the  tioor  especially/' 

Summary—  Sun's  altitude  I3<)°  17'*r>  to  157°  57'*8  ;  tint  of  floor  0-62,  esti- 
mated from  curve.  Streaks  generally  visible — the  sector,  east  and  middle 
arms  of  trident,  and  the  N.K.  streaks  a,  /3,  y,  nml  TJ  ;  the  whole  variable  in 
brilliancy.  On  January  15  and  May  18,  1870,  more  strraks  were  seen  than 
usual,  especially  on  May  113. 

Interval  114  to  150  hours. 

1S71,  March  5. — Mr.  Elger  described  the  markings  as  nil  faint. 

18H9,  July  22. — Mr.  Glcdhill  could  see  tiutlung  on  the  floor,  which  he  re- 
corded as  very  dark. 

1870,  August  10. — Mr.  Nelson  recorded  the  floor  as  medium, =0-50,  and 
Mr.  (Uedliill  recorded  it  as  dark,=lHJO  ;  he  described  the  streaks  as  bright, 
and  TJ  not  far  from  the  bordor,  as  usual. 

18(J1),  December  17. — Mr.  (iledhill  recorded  the  floor  as  dark, =0-60  :  he 
described  the  sector  as  bright,  and  streak  a  as  very  bright ;  j]  and  y  as  bright, 
J,  e,  and  £  less  bright,  but  not,  equally  so ;  TJ  the  faintest,  but  bright  near 
the  border  of  Plato.  Mr.  Glcdhill  describes  a  luminous  broad  patch,  which, 
starting  from  the  inner  border  of  Plato,  about  13.  &  M.*s  object  e  [the  most 
northern  peak  on  the  west  border  J,  joins  tho.  streak  «  ;  it  also  sends  off  a 
luminous  streak  to  3.  Tho  luminous  patch  is  brighcst  and  broadest  near  the 
foot  of  the  inner  slope.  [Tho  broad  patch  is  most  probably  Webb's  elbow, 
and  tho  streak  to  S  is  r. — W.  K.  KJ 

1870,  October  8. — Mr.  Klgor  recorded  the  markings  as  generally  faint, 
except  n,  Webb's  elbow,  and  c.  ft  and  y  were  much  brighter  than  ij ;  the 
trident  faint. 

Summary.— Sun  s  altitude  37°  ~>7'-8  to  K)°  9'-2  ;  tint  of  floor  OG4,  esti- 
mated from  curve.  Streaks  generally  visible — sector,  trident,  and  N.K.  streaks ; 
they  alternated  in  brightness. 
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Interval  156  to  168  hours. 

1870,  May  14. — Mr.  Elger  recorded  the  markings  all  faint ;  a  and  Webb's 
elbow  well  seen.  At  the  point  of  junction  of  a,  c,  and  i  (qy.  position  of  spot 
No.  19)  the  floor  was  very  bright.  Mr.  Gledhill  on  the  same  evening  re- 
corded the  floor  as  dark, =0*66.  Streaks  bright,  sector  and  a  the  brightest ; 
elbow  well  seen ;  X  and  p.  were  not  seen. 

1869,  August  21.— See  ante,  p.  253. 

1870,  December  7. — Mr.  Elger  recorded  all  the  markings  as  faint,  except 
ic  and  p.     Mr.  Gledhill  recorded  the  floor  as  dark,  =  0*66. 

1870,  September  9. — Mr.  Elger  recorded  rj  and  /3  as  very  faint. 

1869,  October  19. — Mr.  Gledhill  recorded  the  floor  as  dark  as  the  south 
part  of  Grimaldi ;  it  is  registered  as  =0-70.      Mr.  Gledhill  furnished  the 
annexed  sketch  of  the  streaks  «,  /3,  rjj 

and  y,  with  tbe  sector,  unaccompanied 
by  any  remarks ;  it  would  appear  from 
this  that  the  whole  of  the  S.W.  part  of 
the  floor  was  in  some  way  obscured  (see 
pp.  255  to  262).  Mr.  Pratt's  remarks  on 
the  same  evening  confirm  this  idea  ;  ho 
says,  "  Trident  near  spot  No.  1  invisible, 
only  the  ends  of  the  arms  detected  with 
difficulty."  He  also  specifies  the  posi- 
tions of  the  dark  localities  on  the  floor  :  _  _  . 
"  darkest  near  m,  i.  e.  the  mountain  on  Plato,  October  19,  18G9.—  Gledhill. 
the  north  border."  [It  was  this  locality 
which  in  May  1870  was  noticed  to  be  very  light,  see  pp.  273  and  277.]  The 
next  darkest  area  was  closely  S.W.  of  B.  and  M.'s  rock  £,  next  above  it, 
S.W.  of  spot  No.  1,  and  the  lightest  of  the  dark  spaces  N.W.  of  the  rock  4. 
We  have  here  four  areas  characterized  by  a  darker  tint,  the  floor  itself  being 
registered  as  more  than  ordinarily  dark,  one  of  the  darker  spaces  being 
accompanied  by  an  obliteration  of  nearly  the  whole  of  the  trident.  The 
localities  of  the  darker  areas  are  shown  on  the  annexed  engraving,  containing 
Mr.  Gledhill's  streaks. 

Summary.— Sun's  altitude  39°  9'-2  to  39°  50'-5  ;  tint  of  floor  0-65,  as 
estimated  from  curve.  Streaks  generally  visible — the  sector,  east  and  middle 
arms  of  trident,  also  the  N.E.  streaka  a,  j3,  y ;  17  not  so  frequent. 

Interval  168  hours  to  meridian  passage. 

1870,  April  15. — Mr.  Gledhill  recorded  the  floor  as  dark,  =0-66.     Of  the 
streaks  seen,  the  sector  and  a  and  /}  are  described  as  very  bright.     The  same 
evening  Mr.  Elger  described  the  sector  and  y  as  the  brightest  markings  on 
the  floor ;  17,  /3,  and  trident  very  faint.    The  projecting  arm  (registered  as  c, 
see  ante,  p.  286)  observed  on  the  14th  appeared  brighter  this  evening,  and 
extended  further  towards  the  west  arm  of  trident,  which  it  almost  touched 
(compare  with  Mr.  Gledhill's  sketch  on  January  15,  1870,  ante,  p.  286) ;  its 
direction  formed  an  obtuse  angle  with  the  direction  of  the  west  arm  and  with 
the  streak  a ;  the  streak  "  o  "  absent. 

1871,  March  6. — Mr.  Gledhill  recorded  the  floor  as  dark,  =0-66.     The 
streaks  and  sector  bright  and  well  seen,  the  two  fainter  streaks  A  and  /*  in- 
cluded.   These  streaks  have  been  seen  on  seven  occasions  before  meridian 
passage. 

1870,  June  13.— Mr.  Gledhill  recorded  the  floor  as  dark,  =  0-66 ;  the 
streaks  and  spots  bright,  but  not  well  seen.  Mr.  Gledhill  has  the  following 
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remark : — "  The  effect  of  a  low  power  on  £  and  e  (the  east  and  middle  arms 
of  trident)  is  ;to  show  their  southern  extremities  as  bright  hazy  spots,  and  to 
hide  their  character  as  lines  of  light ;  a  higher  power  shows  the  whole  line  as 
a  nearly  (or  quite)  uniformly  bright  streak." 

Under  this  interval  and  date  I  have  the  following  memorandum  : — "  It  is 
a  little  remarkable  that  the  streaks  /3,  17,  and,  still  later,  y  should  exhibit 
such  variations  as  to  accord  with  a  decrease  of  brightness,  becoming  lost  to 
Mr.  Elger,  but  still  lingering  in  the  Halifax  refractor.  With  regard  to  the 
tint  of  the  floor,  observation  has  established  that  it  becomes  darker  under  a 
high  sun.  Three  hypotheses  maybe  suggested  in  explanation  : — First,  Will 
the  heating  of  a  bare  surface  produce  a  darkening  of  that  surface  ?  Second, 
Increase  of  angle  of  illumination,  we  know,  occasions  a  darkening  of  the 
vegetable  covering  of  the  earth  :  is  it  so  with  the  moon  ?  Third,  Can  there 
exist  within  the  mountainous  enclosure  of  Plato  absorptive  clouds  the  results 
of  vaporization  by  long-continued  sunshine  ?" 

1869,  July  23. — Mr.  Gledhill  recorded  the  sector  as  fairly  well  defined. 

1870,  August  11. — Mr.  Elger  described  the  markings  011  the  east  side  of 
the  floor  rj  and  fl  as  very  faint ;  the  sector  and  y  were  not  so  faint ;  the  three 
arms  of  the  trident,  £,  e,  and  e,  were  plain  ;  u,  with  Webb's  elbow,  were  seen, 
as  in  April  and  May  last,  very  distinct.     The  drawing  gives  the  elbow  and 
the  part  of  e  as  forming  a  sharp  angle  with  a. 

Fig.  19. 
Fig.  18. 


Is 

Plato,  1870,  Aug.  11.— T.  G.  E.  Elger. 


Plato,  1870,  Oct.  9.—  T.  G.  E.  Elger. 


1869,  September  20.  —  Mr.  Gledhill  recorded  the  floor  as  dark,=  0-66,  not 
quite  so  dark  as  the  south  part  of  Grimaldi  ;  the  sector  easily  seen.     Same 
evening  Mr.  Elger  registered  the  N.  boundary  of  the  sector  as  extending 
from  spot  No.  4,  just  past  No.  7,  to  the  east  border.     This  appears  to  have 
been  an  extension  of  the  sector,  including  the  streak  y.     For  Mr.  Elger's 
drawing  of  this  day,  see  history  of  streak  a,  p.  263,  and  for  remarks,  see 
ante,  p.  262. 

1870,  October  9.  —  Mr.  Elger  recorded  the  sector  as  plain,  rj  faint,  trident 
faint.     "I  again  suspect,"  says  Mr.  Elger,   *'the  connexion   between  the 
eastern  and  central  arms  of  the  trident  observed  by  Mr.  Pratt."     Mr.  Elger 
gives  a  sketch  of  a  and  Webb's  elbow,  with  c  in  a  line  with  the  elbow,  join- 
ing e,  the  west  arm  of  the  trident.     The  streak  c,  from  Webb's  elbow  to  the 
west  arm  of  trident,  is  curved,  the  concavity  towards  the  west  border  (see  In- 
terval 168  to  156  hours,  post,  p.  291).     Nothing  appeared  to  occupy  the  area 
between  the  border  and  streak  except  the  plain  floor;  the  streak  "o"  en- 
tirely absent.     See  intervals  132  to  144  hours,  and  168  to  meridian,  ante, 
pp.  285,  288). 

Summary.'—  Sun's  altitude  39°  50'-5  to  40°  O'-O  ;  tint  of  floor  0-66, 
estimated  from  curve.  Streaks  generally  visible  —  the  sector,  the  middle 
arm  of  trident  most  frequent,  the  eastern  arm  next,  and  the  western  arm 
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but  seldom  ;  the  streak  a  more  frequent  than  y,  /3,  or  9.  Most  of  the  ob- 
servations during  this  interval  have  shown  the  N.W.  part  of  the  floor  in 
proximity  with  the  border  as  destitute  of  streaks. 

Interval  meridian  passage  to  168  hours. 

1870,  March  17.— Mr.  Gledhill  recorded  the  floor  as  dark,  =  0-66 ;  he  de- 
scribed the  sector  and  streak  a  as  easy  objects,  bad  as  was  the  night ;  the 
southern  streaks  were  faintest,  a  and  the  sector  brightest,  then  came  rj,  y,  /3. 

1870,  July  13. — Mr.  Gledhill  recorded  the  floor  as  dark,  =  0*66 ;  streaks 
very  bright. 

1870,  September  10. — Mr.  Elger  recorded  the  sector  and  trident  (three 
arms,  f ,  e ,  e)  as  very  distinct,  rj  scarcely  discernible,  and  (3  brightest  near 
the  rim. 

Summary.— Sun's  altitude  40°  O'-O  to  39°  50'-5 ;  tint  of  floor  0-67  to 
0*66.  Streaks  generally  visible — the  sector  and  the  east  and  middle  arms  of 
trident ;  the  N.E.  streaks  less  frequent. 

Interval  168  to  156  hours. 

1870,  April  16.— Mr.  Gledhill  recorded  the  floor  as  dark, =0-66 ;  the  streak 
a  is  described  as  bright  and  sharp.     The  same  evening  Mr.  EJger  writes : — 
"  The  markings  appeared  as  on  the  previous  night,  with  the  exception  of  the 
projection  from  "Webb's  elbow  (c),  which  I  could  not  see."     This  is  note- 
worthy, as  on  the  14th  and  15th  it  was  evidently  increasing,  now  it  seems  to 
have  suddenly  disappeared ;  it  does  not  appear  to  have  been  observed  by  Mr. 
Gledhill. 

1871,  January  7. — Mr.  Elger  recorded  the  markings  all  plain.    The  curved 
marking  on  the  N.W.  side  of  floor  appeared  exactly  as  shown  in  the  *  Student/ 
April  1870,  p.  161 ;  the  elbow  i  was  distinctly  seen.     The  new  marking  p 
was  also  well  seen ;  spots  Nos.  5  and  17  were  connected  by  it:  at  times  y 
seemed  to  be  a  prolongation  of  it ;  it  could  not  be  traced  through  the  sector. 

The  observation  by  Mr.  Elger  of  *  and  c  with  Webb's  elbow,  being  exactly 
as  given  in  the  '  Student,'  is  interesting,  especially  as  contrasted  with  the 
observations,  also  by  Mr.  Elger,  of  the  prolongation  of  the  elbow  at  a  sharp 
angle  with  a  (see  ante,  pp.  284,  289),  from  which  it  may  be  inferred  that  the 
streak  is  variable  in  position ;  and  this  gives  further  countenance  to  the  con- 
clusion that  the  N.W.  portion  of  the  floor  is  the  most  variable. 

1870,  August  12. — Mr.  Pratt  recorded  the  floor  as  very  dark,  Mr.  Neison 
recorded  it  as  dark.  Mr.  Pratt  says : — "  In  moments  of  best  definition  the  area 
comprised  between  spots  Nos.  19,  1,  and  4  and  the  northern  and  north-east 
rim  was  not  nearly  so  well  displayed  as  the  rest  of  the  floor,  giving  a  strong 
impression  of  an  obscuring  medium  existing  there.  The  dark  parts  of  the 
floor  were  darker  near  the  rim." 

1869,  December  19.— Mr.  Gledhill  recorded  the  floor  as  dark, =0-66 ;  the 
sector  very  bright,  and,  after  spot  No.  1,  the  most  striking  object;  a  bright, 
3,  «,  £  less  bright ;  the  prolongation  of  the  sector  to  spot  No.  4  fairly  seen. 

1869,  September  21. — Mr.  Gledhill  recorded  the  floor  as  not  so  dark  as  the 
extreme  south  part  of  the  floor  of  Grimaldi.  Of  streak  c  he  says,  "  Spots 
Ifas.  13, 19,  and  16  are  well  seen,  a  streak  of  light  connects  them ;  it  is  a 
thick,  dense  streak,  not  faint  and  diffuse."  The  sector  he  describes  as 
"  bright,  permanent." 

1869,  November  19.— Mr.  GledhiU  recorded  the  floor  as  dark,  =  0-66.  In 
addition  he  gave  the  following  remarks : — "  The  sector  bright  and  well  de- 
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fined ;  as  usual,  of  all  the  streaks  a  is  always  brightest ;  /3  is  one  of  the 
brightest,  but  less  so  than  a  ;  y  is  similar ;  ij  is  bright  and  mostly  well  seen ; 
£ ,  e,  0,  and  3  are  always  the  faintest  and  broadest ;  €  and  £  are  almost  always 
seen,  $  not  always ;  that  portion  of  «  which  lies  to  the  west  of  spot  No.  10  is 
not  always  seen  "  [this  answers  either  to  "  o  "  or  <?].  Mr.  Gledhill  described 
and  figured  a  short  streak  from  the  N.W.  border  very  bright.  On  this  I 
remark : — "  The  elbow  of  light  tint  described  by  the  Rev.  T.  W.  Webb  as  seen 
by  him  on  Oct.  24,  1855  (see  monogram  of  the  Mare  Serenitatis,  p.  13),  was 
well  seen  (and  very  bright)  by  Mr.  Gledhill,  1809,  Nov.  19,  moon's  latitude 
4°  10'  Hh  8.  On  the  Kith  the  moon's  latitude,  5°,  was  more  favourable  for 
seeing  it ;  but  it  docs  not  appear,  from  Mr.  GledhiU's  observations,  that  it 
was  then  visible."  See  Mr.  Gledhill's  remarks  on  the  streaks  y,  /3,  and  T), 
ante,  p.  283. 

It  would  appear  that,  so  far  as  the  streaks  are  concerned,  the  N.W.  part  of 
the  floor  exhibits  the  greatest  amount  of  variation.  Looking  at  Mr.  Glod- 
hilVs  diagram  of  November  19,  and  taking  into  consideration  the  general 
structure  of  the  floor,  wo  have  in  the  S.W.  the  arms  of  the  trident  radiating 
from  spot  No.  1 ;  in  the  S.E.,  the  sec  tor  fan-shaped,  the  sides  radiating  from 
spot  No.  4;  in  the  N.K,  /3  specified  by  Mr.  Gledhill  as  one  of  the  brightest 
streaks  from  spot  No.  3,  and  u,  /3,  t],  and  y  more  or  less  parallel.  Now 
bearing  in  mind  that  Plato  has  suffered  dislocation  from  a  fault  from  N.W. 
to  S.K.,  that  spot  No.  1  is  opened  upon  the  highest  part  of  the  floor,  and  that 
spots  Nos.  3  and  4  occur  on  the  N.E.  slope  from  the  fault,  it  is  not  a  little 
significant  that  the  directions  of  the  streaks  are  from  higher  to  lower  ground. 
Mr.  Pratt  suggests  that  the  light-streaks  are  coincident  \Aith  formations 
analogous  to  "  spurs  "  from  the  chief  centres  of  the  residual  activity  on  the 
floor  (see  Iteport  Brit.  Assoe.  1S71 ,  p.  95). 

1S(>9,  November  11). — On  this  evening  Mr.  Gledhill  observed  the  streak  a 
and  its  continuation  "  o  '* ;  ho  also  saw,  forking  from  the  locality  of  spot 
No.  1<>,  the  curved  streak  <%  convex  to  the  west  border  (see  ante,  pp.  203, 
2f>4,  285,  289).  On  contrasting  Mr.  Klger's  and  Mr.  Gledhili's  sketches  of 
Sept.  20  and  25  respectively  with  Mr.  GledhiU's  of  Nov.  15  and  1<>,  and  espe- 
cially of  Nov.  19,  the  existence  of  c,  and  "  o"  as  separate  streaks  is  undeniable. 
On  Sept.  20  and  25  "  o  ''  was  distinctly  recorded  by  two  independent  observers  ; 
it  was  also  recorded  on  Oct.  25,  2(>,  and  27  by  Mr.  Glcdhill.  On  Nov.  15  it 
was  not  seen  by  Mr.  Gledhill,  nor  on  the  KJth,  the  streak  c  passing  over  and 
beyond  spot  No.  13.  On  Nov.  19  there  was  a  great  development  of  light- 
streaks,  the  N.W.  part,  of  the  floor  exhibiting  the  curved  streak  r,  with  "  o" 
and  a  and  Webb's  elbow  in  contact  with  the  N.W.  border.  Mr.  Pratt  recorded 
the  N.W.  streak  making  a  contact  with  the  N.W.  border,  near  spot  No.  10, 
on  Nov.  15. 

1870,  October  10. — Mr.  K Igor  recorded  y  and  /3  as  plain,  ?;  faint;  the  con- 
nexion by^>  between  the  centre  (?)  and  eastern  (£)  arms  of  trident  seen. 
Trident  and  markings  on  N.W.  side  of  floor  as  on  the  9th  of  October.  Spot 
No.  5  is  recorded  as  seen  on  the  oast  edge  of  the  cast  arm  of  trident  (see 
ante,  pp.  254  and  275).  Messrs.  Pratt  and  Neison  recorded  the  floor  as 
"  medium,"  and  Mr.  Gledhill  recorded  it  as  "  very  dark."  The  lighter  tint, 
as  seen  by  Messrs.  Pratt  and  Neison,  is  exceptional.  Mr.  Gledhill  mentioned 
that  the  sector  was  composed  of  bright  lines  radiating  from  the  apex  to  the 
base  (see  ante,  p.  285).  Mr.  Elger  witnessed  a  similar  appearance  on  April  14, 
1 870.  (Interval  132  to  144  hours.) 

Summary.— Sun's  altitude  39°  5U'-5  to  39°  9'-2  ;  tint  of  floor  0'66  to  0-65. 
Streaks  generally  visible— the  sector,  east  aud  middle  arms  of  trident,  with 
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the  northern  bifurcation  of  the  western  arm  8,  the  N.W.  and  N.E.  streaks 
except  /$,  which  is  less  frequent. 

Interval  156  to  144  hours. 

1870,  July  14.— Mr.  Gledliill  recorded  the  floor  as  dark  ==,0-00.  The 
sector  and  streaks  seen  were  dense  and  bright ;  the  streak  rj  was  seen  near 
the  border;  a  had  a  condensed  brightness  in  the  middle ;  the  south  ends  of  the 
south  streaks  £  and  e  were  brightest.  With  powers  150  and  115  the  sector 
appeared  to  bo  condensed  at  the  apex.  On  the  same  night  (July  14)  Mr. 
Ingall  speaks  of  the  floor  being,  at  times  of  fine  definition,  covered  with  spots 
of  light.  I  have  registered  it  as  very  light,  =  0-00 ;  it  must,  however,  bo 
considered  as  exceptional,  the  floor  being  dark  under  a  high  sun.  This  extra- 
ordinary spottiness  of  the  floor  appears  to  be  of  the  same  nature  as  the  ap- 
pearances of  the  Mare  Crisium, related  in  Webb's  *  Celestial  Objects/  third  edit., 
pp.82  &  83.  Mr.Ingall  gives  the  distribution  of  the  markings  as  follows  : — 
First.  A  large  white  cloud  stretching  half  round  the  crater-floor  from  spot 
No.  14  to  spot  No.  3.  This  white  cloud  occupies  the  position  of  the  middle 
and  the  east  arms  of  the  trident  and  that  of  the  sector,  with  its  extension  to 
spot  No.  3,  the  sector  and  the  two  arms  of  the  trident  being  connected.  It 
is  remarkable  that  this  cloud  is  entirely  separated  from  the  border ;  and,  so 
far  as  the  sector  is  concerned,  we  have  a  similar  observation  by  Mr.  Elger  on 
May  13, 1870.  (Sec  Interval  132  to  144,  ante.  p.  28(5.)  Second.  A  detached 
fainter  cloud  on  the  N.W.  part  of  the  floor,  which  occupies  precisely  the  posi- 
tion of  the  curved  streak  c,  with  its  convexity  towards  the  border ;  it  incloses 
spot  No.  16.  Third.  A  small  detached  mist  on  the  B.W.  part  of  the  floor, 
which  occupies  the  position  of  Gledhill's  streak  0.  Fourth.  A  curious  brush 
of  light  adjoining  the  N.W.  border  (Webb's  elbow),  much  brighter  near  the 
wall.  The  difference  between  Mr.  Gledhili's  and  Mr.  IngalPs  observations, 
particularly  as  regards  the  absence  of  streaks  near  the  border,  except  Webb's 
elbow,  which  characterizes  Mr.  IngalFs,  is  doubt] ess  due  to  the  difference  of 
apertures.  The  elbow  appears  to  have  been  seen  well  in  both  instruments. 

18fiJ),  August  23. — Sec  ante,  p.  253. 

3870,  November  9. — Mr.  Elger  recorded  the  markings  as  faint,  except  the 
sector  and  y ;  the  latter  is  described  as  unusually  bright. 

1869,  October  21. — Mr.  Gledhili  described  the  streaks  a,  /j,  q,  and  y  as 
seen  on  the  19th,  but  brighter  ;  he  also  described  the  apex  of  the  Jight- 
sector  as  reaching  to  about  spot  No.  3  ;  he  has,  further,  this  remark  : — "  On 
the  S.  W.  rim  of  Plato,  near  or  at  the  foot  of  the  inner  slope,  are  three  bright 
foci;  from  these  the  three  great  bright  streaks  on  the  floor  proceed, — (I)  a 
line  from  the  uppermost,  on  the  8.  border,  produced  to  N.E.,  cuts  spots  Nos.  1 
and  3  [this  must  be  the  streak  €  ] ;  (2)  a  line  from  the  next  lower  produced 
passes  just  S.  of  spot  No.  3  |  this  is  Gledhill's  0]  ;  (3)  a  line  from  the  lowest, 
towards  the  N.W.,  cuts  the  E.  border  of  Plato  just  below  or  N.  of  II  E^2.  I 
could  not  trace  the  streaks  well  which  proceeded  from  these  foci.  On  the  same 
evening,  with  the  Eoyal  Astronomical  Society's  Sheepshank's  telescope  No.  5, 
aperture  2-75  inches,  power  100,  I  observed  Plato  and  found  the  floor  very 
ill-defined,  the  sector  the  only  light  marking  visible;  it  was  brightest  towards 
the  S.E.  border.  Definition,  Earth's  atmosphere  *  very  bad,  much  boiling  and 
fluttering/  The  definition  on  the  moon  was  very  irregular ;  Plato  was  very 
difficult  to  observe,  while  the  markings  around  Copernicus  and  Kepler  were 
admirably  seen.  I  determined  the  following  tints  : — the  surface  around  Kepler 
=  5C-0  ;  Plato,  the  S.E.  part  of  sector,  =4°-8 ;  Mare  Imbrium,  S.  of  Plato, 
=  4°-4  ;  Mare  Imbrium,  between  the  Mountain  Chajorra  and  Straight  chain, 
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=3°-6 ;  Plato,  the  W.  part  of  floor,  =  l°-6  ;  Grimaldi,  S.  part  of  floor,  =0°-0. 
These  determinations  exhibit  increase  of  brightness  with  increase  of  num- 
bers— Grimaldi  the  darkest,  surface  around  Kepler  the  brighest.  My  estimate 
of  the  tint  of  the  floor  of  Plato,  on  the  scale  adopted  for  comparison  with 
the  sun's  altitude,  was  (HJO,  or  dark  ;  this  is  about  a  degree  brighter  than 
the  S.  part  of  the  floor  of  Grimaldi." 

1870,  September  11. — The  markings,  as  observed  by  Mr.  Elger,  were  all 
indistinct. 

Nummary. — Sun's  altitude  89°  l)f-2  to  :*r°57'-8;  tint  of  floor  0-65  to 
0-64.  Streaks  generally  visible  —the  middle  arm  of  trident,  sector,  and  y 
the  most  frequent ;  the  east  arm  of  trident  and  the  N.E.  streaks  less 
frequent. 

Interval  144  to  132  hours. 

1870,  April  17.— Mr.  Gledhill  recorded  the  floor  as  dark,  =0-66,  and  the 
N.  streaks  as  brightest;  fi  as  bright  as  the  sector,  and  y,  //  been  only  at  the 
foot  of  the  slope. 

18<>9,  May  ~7. — Mr.  Gledhill  records  the  sector  as  ill-defined  below. 

1S71,  Januaiy  8.~  -Mr.  Gledhill  described  th'»  streaks  as  having  been  well 
Been  ;  one,  not  named,  as  very  sharply  defined,  bright,  narrow,  and  straight. 
This  I  apprehend  to  bo  a,  as  Mr.  Gledhill  generally  describes  it  as  such. 

1801),  December  20.— Mr.  Gledhill  recorded  the  floor  as  dark,  =0-60. 
Streak  scon  (bright );  sector  a  line  striking  object.  On  the  same  evening 
Mr.  Pratt  recorded  the  markings  as  peculiarly  indistinct,  from  which  he 
considered  the  apparent  difference  ot  form  which  ho  observed  to  arise. 
The  trident  near  spot  No.  1  WHS  shaded  oil*.  The  greatest  peculiarity  shown 
by  Mr.  Pratt  in  his  diagram  is  a  bifurcation  in  the  neighbourhood  of  streak /j, 
or  rather  two  streaks  from  spot  No.  1$  instead  of  one.  Mr.  Elger  on  the 
same  evening  showed  one  only,  very  narrow,  and  remarked  the  portion 
of  the  floor  between  ^3  and  //  to  be  very  dark.  Mr.  Klger  further  said,  '•  a 
remarkable  feature  observed  was  the  strip  ot  light  (streak  y),  which  during 
the  whole  evening  \N  as  by  fur  the  brightest  marking  on  the  floor."  This 
streak  is  not  recorded  by  Mr.  Gledhill,  -\\lio  noticed  the  sector  as  being  the 
most  striking  object.  Mr.  KlgiT  saw  a  part  of  c  and  Webb's  elbow  i,  which 
he  described  as  the  brightest  on  this  pait  of  the  floor. 

1870,  August  !:>.-  -  On  this  evening  the  floor  was  recorded  as  ••  dark"  by 
three  observers,  Mr.  Pratt,  Mr.  Gledhill,  und  Mr.  Noison.  Mr.  Pratt  re- 
marked:— *'  On  this  evening,  r/.s  wtll  «>>  1870,  Any.  12.  the  tint  of  the  dark 
portions  of  the  floor  was  much  intensilicd  close  to  the  rim  ;  it  was  the  case 
all  rviui<l,  but  especially  so  between  />  and  £,  between  e  and  <,'.  and  between 
ft  and  )/."  Mr.  Gledhill  ohsri  \  ed  the  streaks  to  be  very  bright ;  they  appeared 
to  stand  out  in  lelief.  Compare  with  Mr.  Pratt 's  suggestion  (1870,  October 
17)  of  the  light-streaks  being  analogous  to  spurs  (Keport,  1871,  p.  i)5). 

1870,  October  1 1. —  Mr.  Klger  recorded  the  streak  »/  as  very  faint. 

Nummary.—  Sun's  altitude  157°  T)7'-8  to  tf(>°  17'*5;  tint  of  floor  0-64  to 
0'G2.  Streaks  generally  visible- —the  sector  much  more  frequent  than  the 
others;  next  in  order  ca.st  arm  ot  trident,  y,  />,  and  «.  The  N.W.  streak  and 
middle  arm  of  trident  less  frequent,  the  others  rarely  seen. 

Interval  132  to  120  hours. 

1870,  March  10.— Mr.  Gledhill  recorded  the  floor  as  dark,  =0-60  ;  he  de- 
scribed the  sector  and  a  as  very  bright,  the  brightest  on  the  floor. 

]  870,  November  10.— Mr.  Elger  described  the  markings  as  better  seen 
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on  this  evening  than  on  any  other  during  the  lunation.     Webb's  elbow  and 
c  well  seen. 

Summary.— Sun9*  altitude  36°  17'-5  to  34°  ll'-5  ;  tint  of  floor  0*62  to 
0-60.  Streaks  generally  visible — the  sector,  trident,  and  N.E.  streaks. 

Interval  120  to  108  hours. 

1871,  January  9. — Mr.  Gledhill's  remarks  are  the  same  as  on  January  8, 
under  interval  J  44  to  132  hours.  See  ante,  p.  293. 

1869,  December  21. — Mr.   Gledhill  recorded  the  floor  as  dark,  =0'66. 
Streaks  all  fairly  seen,  except  £  and  q.     [I  suppose  by  all  Mr.  Gledhill  means 
those  which  he  has  lately  seen ;  I  have  .accordingly  recorded  b,  a,  e,  £ ,  6,  and  y.] 
Mr.  Gledhill  mentioned  none  as  bright  except  a  arid  the  sector,  and  they 
were  not  bright  and  clear  as  usual ;  a  was  perhaps  the  brightest.    A  bright 
brush  of  light  was  seen  near  B.  &  M.'s  c)  on  the  border,  which  appeared  to 
merge  into  a  and  S.     A  line  through  spots  Nos.  17  and  1,  produced  to  the 
N.W.  border,  cut  the  border  just  above  or  to  the  south  of  the  brush,  which  is 
Webb's  elbow  ?.     The  brightest  portion  of  the  border  is  described  as  that  to 
the  north  of  the  streak  «,  the  east  end  of  the  bright  part  of  the  border  being 
much  the  brightest.     A  diameter  at  right  angles  to  the  longitudinal  diameter 
of  Plato  passing  through  spot  No  1  would  cut  the  east  and  brightest  ex- 
tremity.    Mr.  Gledhill  adds,  "  It  seems  a  long  narrow  basin/' 

Summary.— Sun's  altitude  34°  ll'*5  to  31°  42'-7 ;  tint  of  floor  0-60  to 
0-57.  Streaks  generally  visible — middle  and  eastern  arm  of  trident,  sector, 
y  and  a  ;  others  loss  frequent. 

Interval  108  to  96  hours. 

1871,  February  8. — Mr.  Pratt  described  the  streaks  as  ill-defined,  except 
Z,  which  was  very  fairly  seen  and  much  brighter  than  any  part  of  the  trident. 

1870,  July  16. — Mr.  Gledhill  recorded  the  floor  as  medium,  =0-50;  he 
described  all  the  streaks  as  bright,  except  X  and  ^,  which  were  faint,     a,  /3, 
y,  £,  e,  £  w"cro   all  well  seen  :  rj  was  seen    near  the  border,   and  a  had  a 
condensed  central  portion  ;   the  south  streaks  (£,  e)  were  brightest  at  their 
southern  ends.     Mr.  Gledhill  does  not  mention  the  sector ;  but  it  is  very 
probable  that  he  saw  it,  by  his  recording  all  as  bright. 

1869,  August  25. — Mr.  Gledhill  recorded  the  sector  as  "  very  faint"  at 
11  hours;  at  13.30  he  recorded  it  as  "  fine." 

1870,  September  13. — Mr.  Gledhill  recorded  the  floor  as  dark,  =0-66. 
The  streaks  were  very  bright  and  well  seen.     Mr.  Gledhill  measured  the 
positions  of  streaks  £,  e,  £,  and  a  with  the  sector  (see  Report  Brit.  Assoc. 
1871,  p.  66). 

Summary.— Sun's  altitude  31°  42'-7  to  28°  54'-3.  Tint  of  floor  0*57  to 
0*54.  Streaks  generally  visible — the  sector  most  frequent,  three  arms  of 
trident ;  N.E.  streaks  much  less  frequent. 

Interval  96  to  84  hours. 

1869,  Ppcember  22.— Mr.  Gledhill  recorded  the  floor  as  dark,  =0-66. 
Streaks  all  faint ;  «  the  brightest ;  S,  ??,  and  y  difficult ;  e,  £>  and  sector 
fairly  seen,  but  faint.     The  brightest  part  of  the  inner  wall  was  north  of 
streak  a,  as  well  as  all  the  west  border.     Shadows  were  already  under  the 
east  border.     Time  12  hours.     At  12.30  Mr.  Gledhill  recorded  the  part  of 
the  inner  north  wall  of  Plato,  from  which  the  brush  of  light  proceeded,  as 
much  less  bright  than  the  adjacent  portions  east  and  west. 

1870,  August  15.— Mr.  Pratt  recorded  the  floor  as  dark,  =0-66,  but 
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paling ;  the  darker  margins  of  the  shaded  parts  of  the  floor  were  still  visible 
as  on  the  12th  and  13th,  hut  not  in  such  striking  contrast. 

1870,  Octoher  13. — Mr.  Pratt  remarked  that  all  the  objects  on  the  floor 
appeared  fainter  than  usual.  This,  which  especially  applies  to  the  light- 
streaks,  which  were  very  well  defined  at  their  edges,  is  remarkable  whea  so 
many  spots  are  detected  as  on  that  evening. 

Summary.—  Sun's  altitude  28°  54'-3  to  25°  49'-5  ;  tint  of  floor  0-54  to 
0  52.  Streaks  generally  visible — the  sector  principally,  the  others  but  seldom, 
especially  the  N.E.  streaks. 

Interval  84  to  72  hours. 

1869,  August  26. — Mr.  Gledhill  recorded  the  sector  as  very  faint.     See 
ante,  p.  254. 

1870,  September  14. — Mr.  Gledhill  recorded  the  floor  as  medium  or  light, 
=0*42 ;  streaks  faint,  but  well  seen.    Mr.  Neison  recorded  the  floor  as  mo- 
derately dark,  =(>5S,  moan  0-50,  or  medium. 

Summary.— Sim's  altitude  25°  49'-5  to  22°  31'-3  ;  tint  of  floor  0-52  to 
0*49.  Streaks  generally  visible — sector  and  eastern  and  middle  arm  of  the 
trident. 

Interval  72  to  GO  hours. 

1809,  July  28.— Mr.  Gledhill  recorded  the  sector  as  faint  and  diffuse. 

1870,  August  10. — Mr.  Pratt  recorded  the  floor  as  medium,  =0*50,  and 
much  paler  than  on  the  13th  (see  ante,  p.  293,  interval  144  to  132  hours). 
The  darker  parts  of  the  shaded  portions  of  the  floor  were  but  just  perceptible 
with  attention. 

J8(39,  September  25.— Mr.  Gledhill  described  the  tint  of  the  floor  as  "not 
much  deeper  than  that  of  the  Mare  Imbrium."  He  appears  to  have  seen 
streaks  c  [*'  a  strong  streak  of  light  connecting  the  spots  Nos.  If),  19,  and  13, 
which  were  not  seen  "],  K  [  "  a  diffuse  streak  of  light  runs  east  from  spot 
No.  3  parallel  to  that  crator  along  .spots  10,  19,  13  "],  and  the  connexion  of 
K  with  the  sector  ["  a  streak  is  seen  from  spot  No.  4  to  spot  No,  3,  as  if  a 
continuation  of  the  sector"].  On  these  I  have  the  following  remark  : — "  c  from 
the  S.W.  of  spot  No.  13  (not  seen)  to  11  E^2  ou  the  cast  border  made  out 
in  separate  streaks."  The  continuous  direction  of  these  streaks  forming  one 
white  line  was  seen  by  Mr.  Pratt  on  August  1 7,  23,  2G,  and  28  (see  pp.  252- 
254).  Mr.  Gledhill  described  the  three  arras  of  the  trident  as  follows : — 
"  [ej  A  rectangular  luminous  patch  stretches  from  the  south  rim  of  Plato  to 
spot  No.  14,  embracing  it  and  passing  on  till  nearly  in  a  line  with  spot 
No  1,  at  which  point  a  luminous  streak  [>J  shooting  from  the  rim  and  em- 
bracing spot  No  22  meets  it.  This  latter  streak  seemed  to  become  a  mere 
line  as  it  approached  the  streak  e."  The  S.K.  arm  |  ;]  is  described  as  "an 
irregular  rectangular  patch  of  light  running  from  the  south  rim  to  spot  No.  1 
nearly/'  It  does  not  appear  that  Mr.  Gledhill  observed  the  junction  of  the 
three  arms.  The  N.W.  arm  [e]  is  described  as  "  very  bright,  the  brightest, 
the  greatest  brightness  being  close  to  the  rim  of  Plato/*  The  central  arm 
|F]  is  described  as  "less  bright,"  and  the  S.K.  arm  [£]  as  "  still  fainter/' 
The  apex  of  the  sector  is  described  as  beyoiid  spot  No  4,  distinctly  enough 
extending  to  the  streak  /3  running  from  spot  No.  3  to  rim.  The  following 
note  is  appended  by  Mr.  Glcdhill :  — "  I  could  not  see  the  limits  of  the  three 
arms  of  the  trident  as  they  approached  the  centre/'  From  his  sketch  Mr, 
Gledhill  appears  to  have  seen  the  streak  "  o  ''  and  its  continuation  a,  his 
delineation  being  almost  identic!  with  Mr.  Elger's  of  September  20.  It  is 
not  at  all  improbable  that  a  change  had  occurred  in  the  N.W.  part  of  the 
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floor,  c  and  K  being  much  fainter  and  the  western  part  of  c  obliterated,  even 
in  the  larger  aperture  of  the  Halifax  refractor,  as  compared  )vith  the  seeings 
and  drawings  of  Mr.  Pratt  in  August  1869  ;  the  change  consisted  in  the 
fading  of  K  and  c  and  the  intensification  of  a  and  "  o." 

For  Mr.  Gledhill's  drawing  see  ante,  p.  263. 

1870,  October  14. — Messrs.  Glcdhill  and  Pratt  both  recorded  the  floor  as 
medium,  =O50.  Mr.  Pratt  remarked  that  the  streaks  were  difficult,  con- 
sidering the  number  of  spots  that  were  visible. 

Summary.— Sun's  altitude  22°  31  '-3  to  19°  2'-0  ;  tint  of  Hour  0-40  to 
0-45.  Streak  generally  visible,  the  sector. 

Interval  60  to  48  hours. 

1869,  August  27.— See  ante,  p.  254. 

1869,  October  25.— Mr.  Gledhill  recorded  the  floor  as  light,  =0-33,  the 
sector  as  "  very  faint,  and  differing  but  little  in  brightness  from  the  floor  to 
the  east  of  it ;  its  base  was  bounded  by  throe  craters,  Nos.  26,  27,  and  28, 
on  the  inner  slope  of  Plato ;  its  apex  extended  beyond  spot  No  4,  aijd  it  cut 
streak  ft  a  little  east  of  spot  No.  3  : ''  the  streak  y  is  described  us  bright,  sharp, 
and  narrow. 

Summary. — Sun's  altitude  19°  2'-0  to  15°23'-3;  tint  of  floor  0-45  to 
0-42  ;  the  streak  ft  most  frequent. 

Interval  48  to  36  hours. 

1869,  December  24. — Mr.  Glcdhill  recorded  the  floor  as  light,  =0-33  ;  the 
sector  as  large  and  diffuse,  scarcely  brighter  than  the  adjacent  floor  ;  outline 
not  sharp.     The  streaks  S,  c,  £  about  as  faint  as  the  sector ;  /:»,  ?;,  and  y  not 
fairly  seen  ;  all  are  faint.     All  along  the  north  border  of  the  pointed  shadow 
from  13.  &  M.'s  £  Mr.  Gledhill  saw  a  fringe  of  light  (see  Interval  24  to  36 
hours,  1869,  Dec.  12,  ante,  p.  275  ;  also  quotation,  Elger's  Observation  1871, 
Nov.  20,  post,  p.  299),  i.  e.  the  floor  adjacent  to  the  north  edge  of  this  shadow 
was  quite  bright  up  to  the  foot  of  the  border  of  Pluto,     a  appeared  brighter 
than  any  other  streak. 

1870,  August  17. — Mr.  Gledhill  recorded  the  floor  as  rather  bright,  regis- 
tered at  0-40:   streaks  faint;   o  was  the  brightest,  but  it  was  neither  dense 
nor  broad,  nor  could  it  be  said  to  be  really  bright ;   the  others  were  fainter 
than  it.     The  sector  had  ill-defined  edges. 

Summary. — Sun's  altitude  15°  23'-3  to  11°  38'-2  ;  tint  of  floor  0-42  to  0'39. 
Streaks  generally  visible — sector  and  eastern  arm  of  trident,  others  not  so 
frequent ;  all  recorded  as  faint. 

Interval  36  to  24  hours. 

1870,  March  23. — Mr.  Gledhill  recorded  the  floor  as  medium,  =0-50.  He 
described  the  sector  and  «  as  easily,  but  not  well,  seen  ;  «  was  diffuse,  and  ex- 
tended up  to  the  north  border  [in  December  the  brightness  near  the  border 
subsided  after  interval  60  to  72  hours,  see  ante,  p.  268 J  :  3,  e,  £  seen  with  Borne 
difficulty  ;  they  were  much  fainter  than  a  and  the  sector.  The  shadow  of  B. 
and  M.'s  £  was  on  the  floor,  and  the  adjacent  floor  to  the  JS\W.  was  very 
bright,  much  brighter  than  a  or  the  sector.  The  bright  space  was  directed 
to  spot  No.  4,  and  it  extended  one  third  of  the  distance  from  the  border  to 
No.  4.  Mr.  Gledhill  could  not  determine  its  shape ;  but  it  appeared  to  him  as 
an  intensified  form  of  the  streak  77,  and  was  the  most  striking  object  on  the  floor. 

1870,  July  19.— Mr.  Gledhill  recorded  the  floor  as  bright,  =0-33.  The 
streaks  but  little  brighter  than  the  floor ;  none  were  striking  objects. 

1869,  August  28.— See  ante,  p.  254. 
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1870,  November  14. —  Mr.  Pratt  at  10  hours  recorded  as  follows: — 
"Definition  very  bad;  a  large  area  of  the  floor  to  the  S.E.  shaded  off  deli- 
cately, as  of  a  slightly  lower  level.  Tint  of  unshaded  part  a  little  darker 
than  the  surrounding  Mare,  that  of  the  shaded  portion  as  dark  again.  The  out- 
line of  the  shaded  part  conforms  roughly  with  that  area  of  the  floor  adjoining 
the  inner  edges  of  streaks  1>  and  u."  [Mr.  Pratt  has  furnished  a  sketch,  dated 
1870,  November  15,  11.50,  which  1  apprehend  from  his  letter,  combined  with 
the  date  of  his  observation,  should  be  November  14,  and  that  the  S.E.  part 
of  the  floor  should  be  S.AV. ;  with  these  corrections  the  sketch  and  observa- 
tions agree.]  Mr.  Pratt's  record  proceeds  thus : — "  These  observations  have 
much  confirmed  in  my  own  mind  some  previous  ideas,  faintly  shaped  by 
former  views,  that  the  light-streaks  are  merely  parts  of  the  iloor  relatively 
raised  and  perhaps  more  rugged  and  broken  (hence  one  cause  for  their  con- 
trast in  tint  witli  the  rest  of  the  floor),  and  that  the  spots  arc,  especially  several 
of  them,  raised :  perhaps  they  are  the  centre  points  of  the  latest  activity,  which 
also  possibly  produced  the  streaks  by  raising  them  above  the  level.  "Was  it 
by  successive  deposits  *>f  ejected  material?  One  would  have  expected  a  lava- 
like  deposit  after  reading  Piam  Smyth's  'Tcnerifle/  "  [The  contrast  of  colour 
is  a  most  important  study,  which  may  be  greatly  advanced  by  continuous 
observations  of  the  variations  in  intensity  of  two  or  more  neighbouring  spots.] 
On  the  same  evening,  November  14,  Mr.  (Jledhill  recorded  the  floor  as  light, 
=0-33,  and  the  streaks  ns  very  faint.  Mr.  (Jlcdhill  noticed  that  the  floor 
was  separated  into  a  lighter  and  darker  portion,  the  line  of  separation  con- 
sisting of  the  west  edge  of  Ihe  sector  produced  to  meet  the  north  border.  The 
floor  to  the  east  of  this  lino  is  bright,  and  to  the  west  darker.  [This  line 
would  be  nearly  in  the  direction  of  the  fault  in  the  neighbourhood  of  which 
the  surface  is  raised,  and  the  difference  of  tint  is  most  likely  produced  by  the 
obliquity  of  the  sun's  rays.  ]  Mr.  Pratt's  sketch  is  in  perfect  accordance  with 
Mr.  (iledhilTs  observations. 

IcSO't),  October  !>(».  Mr.  (iledhill  recorded  the  floor  as  bright,  =  0-33.  The 
spots,  except  No.  1,  were  not  rendiU  seen  ;  the  sector  and  streaks  were  faint. 

Minima r i/.—  Sun's  altitude  1  1°  3,s'-i>  to  7°  -Ib'-l  ;  tint  of  floor  0-139  to 
0-30. 

Interval  24  to  12  hours. 

1SCO,  September  27. — Mr.  liledhill  recorded  the  floor  as  not  so  dark  as  the 
Sinus  Lridum,  nor  so  lijjjht  as  that  of  Archimedes;  it  is  registered  as  light, =0'33. 
Mr.  Glcdhill  described  the  streak  c  as  a  broad  band  of  brightness,  width 
about  one  third  the  distance  from  the  north  rim  to  spot  No.  1,  enclosing 
spots  NOH.  13,  1J),  and  1(J  ;  the  stieak  fi  he  described  us  a  faint  belt  from 
spot  No.  3  to  the  east  edge  of  Plato.  The  limits  of  both  bands  were  very 
indefinite. 

Summary.— Sun's  altitude  7°  4!vl  to  3°  f>4\S;  tint  of  floor  0-36  to  0-33. 

Interval  12  to  0  hours. 

1860,  October  27.--- M r.  Oledhill  recorded  the  sector  as  very  faint  and 
indefinite ;  the  streaks  all  very  faint  indeed,  yet  all  seen  at  best  moments. 
Floor  registered  as  light,  =  0-33. 

1870,  November  lf>.-~ Mr.  Gledhill  recorded  the  floor  as  light,=0'33,  but 
consisting  of  two  parts,  the  eastern  light  and  the  western  dark.  Mr.  Pratt's 
observations,  18<W,  August  28,  interval  30  to  24  hours,  were  similar  in  cha- 
racter. Sec  lleport  Brit.  Assoc.  1871,  p.  86. 

Summary.-  Sun's  altitude  3°  54'-8  to  0°  0' ;  tint  of  floor  0-33  to  0-30. 
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Interval  0  to  12  hours. 


(Near  the  summer  solstice.) 

In  the  Report  for  1871  (see  Keport  Brit.  Assoc.  1871,  pp.  94,  95)  a  de- 
scription of  sunset,  as  observed  by  Mr.  Pratt,  is  inserted.  Mr.  Pratt's 
letter  was  accompanied  by  a  drawing,  a  copy  of  which  is  given  below. 

Fig.  20. 


1870,  Oct.  17,  llh  to  12h.    Sunset  observed  by  Mr.  Pratt. 

APPENDIX. 

Although  the  epochs  of  the  following  observations  are  not  within  the 
period  embraced  in  the  foregoing  discussion,  they  bear  so  intimately  upon 
the  results  that  a  notice  of  them  may  not  be  inappropriate. 

On  November  20,  1871,  I  observed  sunrise  on  Plato  with  the  Royal 
Astronomical  Society's  Sheepshank's  No.  5  telescope,  aperture  2'75  inches, 
power  100.  At  5.50,  Greenwich  mean  time,  I  made  the  following  record : — 
"  The  appearance  of  Plato,  examined  at  intervals  of  a  few  minutes  since  4.35, 
has  been  very  curious  to-night.  I  have  been  unable  to  divest  myself  of  the 
impression  that  a  kind  of  sparkling  or  agitation  played  over  the  dark  floor 
deep  in  shadow.  This  appearance  has  latterly  greatly  increased,  and  now 
there  are  two  well-marked  regions  (but  by  no  means  distinct  streaks  of  sun- 
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light)  north  and  south  on  the  floor ;  they  are  parallel,  and  are  separated  by 
a  darker  region  of  an  intensity  equal  to  the  west  part  of  the  floor,  which  ex- 
tends over  about  one  third  of  the  longest  diameter."  At  6.0  the  record  runs 
thus : — "  There  is  no  doubt  of  the  northern  streak  of  sunlight  existing  on  the 
floor,  and  traces  of  the  southern  streak  are  becoming  apparent.  Not  the 
slightest  appearance  of  the  streak  seen  by  Bianchini  (see  Report  Brit.  Assoc. 
1871,  p.  73)  has  been  observed.  6.20.  The  northern  and  southern  streaks  of 
sunlight  are  both  decided ;  their  western  extremities  lie  upon  the  line  of  fault 
from  N.W.  to  S.E.  The  long  shadow  of  the  peak  £  is  now  seen ;  it  aligns 
with  the  north  part  of  II  E^2  and  the  rock  £,  or  rather  the  inlet  between 
them  and  the  bases  of  the  first  group  of  mountains  of  the  Alps  west  of  Pluto. 
OvJO.  The  light  of  the  northern  streak  is  the  most  intense,  although  both  are 
faint.  6.45.  The  southern  streak  of  sunlight  is  greater  in  extent  (width) 
than  the  northern,  perhaps  nearly  <J°uble .  Although  definition  on  the 
moon's  surface  is  generally  good,  there  appears  to  be  a  want  of  defining 
power  within  Plato.  Occasionally  I  see  something  approaching  to  well- 
defined  shadows,  but  greatly  inferior  to  what  I  usually  see  with  this  glass. 
The  streaks  of  sunlight  do  not  come  out  with  that  intensity  which  I  re- 
member to  have  seen  them  on  January  10,  1870.  7.10.  Sunlight  on  Plato 
increases  in  intensity,  but  the  shadows  are  deficient  in  definition,  and  the 
streaks  terminate  on  the  east  at  some  distance  from  the  border,  indicating  a 
considerable  dip  of  the  floor,  if,  indeed,  the  sunlight  be  reflected  from  the  true 
floor.  7.15.  In  best  moments  I  see  the  northern  edge  of  the  shadow  of  the 
peak  y.  The  general  character  of  the  reflected  sunlight  is  faint.  The  north 
edge  of  the  shadow  of  y  aligns  with  the  south  part  of  II  E*2  and  the  sum- 
mits of  the  group  of  mountains  west  of  Plato,  the  bases  of  which  aligned  with 
the  shadow  of  S  and  the  north  part  of  II  E^2.  The  floor  appears  to  be  much 
darker  than  the  site  of  Newton  to  the  south." 

On  the  same  evening  Mr,  Elger  observed  and  sketched  Plato  ;  his  drawing, 
fig.  21,  made  at  7.30,  aperture  4  inches,  power  115,  exhibits  a  feature  which, 

Fig.  21. 


so  far  as  I  am  aware,  has  not  been  observed  before,  viz.  a  number  of  streaks 
parallel  to  the  longest  diameter  of  Plato,  which  Mr.  Elger  described  as  "  very 
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striking."  At  a  still  later  period  Mr.  Neison  observed  Plato  from  8.5  to  8.35. 
He  described  the  floor  as  "  very  dark/'  and  gave  two  gradations  of  shadow, 
that  in  the  south-west  being  marked  "  dark  shadow,"  while  the  portion  be- 
yond, towards  the  east,  he  marked  t(  shadow."  This  portion  is  drawn  as  ex- 
tending nearly  to  spot  No.  17,  bisecting  spot  No.  1,  and  passing  a  little  west 
of  spot  No.  16.  On  comparing  the  drawing  with  Mr.  Elger' s  at  an  earlier 
epoch,  it  would  appear  that  Mr.  Nelson's  "  shadow5'  was  in  some  way  con- 
nected with  the  strealdness  observed  by  Mr.  Elger;  for  by  8.35  the  true 
shadow  must  have  retreated  to  about  the  position  given  by  Mr.  Neison  for 
his  "  dark  shadow."  The  outline  also  of  Mr.  Nelson's  "  shadow  "  is  not  in 
accordance  with  the  peaks  on  the  west  border.  Mr.  Neisou  further  described 
the  northern  light- streak  and  sector  as  very  distinct  and  of  a  pearl-grey 
colour,  and  spots  Nos.  3  and  17  of  a  pale  grey  colour,  which  he  saw  di- 
stinctly. JSpots  Nos.  10  and  25  are  described  as  "  faint/'  "  Although,"  says 
Mr.  Neison,  "  this  is  extremely  early,  the  spots  wcro  extremely  plain."  Mr. 
Elger' s  remark  is  as  follows : — "  Sunrise  finely  seen ;  shadows  of  peaks  y,  <),  c 
very  sharply  defined  ;  no  spots  observed." 

The  darkness  of  the  floor  is  alike  recorded  by  myself  and  Mr.  Neison ;  and 
Mr.  Elger's  drawing  testifies  equally  to  it,  especially  on  the  north-cast  portion. 
It  is  this  darkness,  so  unusual  at  sunrise,  combined  with  the  difficulty  of 
making  out  the  streaks  and  shadows  on  my  part,  and  the  observation  by 
Mr.  Elger  of  the  peculiar  streakincss,  so  unlike  the  ordinary  light-streaks  on 
the  floor,  that  lead  me  to  suspect  that  on  the  20th  of  November,  1871, 
between  4.35  and  7.40  U.  M.  T.,  the  interior  of  Plato  was  in  tin  abnormal 
state. 

While  the  above-recorded  observations  were  in  progress,  and  the  difficulty 
of  observing  the  interior  of  Plato  from  5.50  to  7.15  was  very  great,  Mr.  Pratt 
observed  a  very  remarkable  phenomenon  on  the  Mare  Frigoiis,  which  he  de- 
scribed as  one  of  the  most  singular  and  striking  of  all  the  local  observations 
he  had  witnessed.  The  following  is  an  extract  from  his  observing- book : — 
"  5.30.  On  byeneral  survey  of  Plato  and  wide  neighbourhood,  the  very  pecu- 
liar aspect  of  the  Mare  Frigoris  attracts  attention.  The  appearance  can  be 
compared  to  nothing  but  a  kind  of  haze,  entirely  local,  hanyiny  round  the 
N.  W.  foot  of  the  slope  of  Plato.  It  is  the  more  conspicuous  as  nothing  of 
the  kind  is  visible  either  on  the  Marc  Imbrimn  or  on  the  Mare  Smmitatis. 
The  objects  on  the  Mare  Frigoris  were  indihiinct,  us  if  veiled.  At  0,30  the 
appearance  was  much  modified.  At  7.30  very  little  of  the  veiling  was  to 
be  seen.  Between  other  observations  frequent  attention  was  given  to  it 
until  9.0,  but  no  return  of  the  phenomenon  appeared." 

The  contemporaneity  of  my  own  observations  of  the  interior  of  Plato  with 
those  of  Mr.  Pratt  of  an  immediate  contiguous  locality,  is  conclusive  of  the 
connexion  between  the  abnormal  condition  of  Plato  and  the  veiled  appearance 
of  the  N.W.  slope,  extending  to  the  Mare  Frigoris.  On  other  occasions 
Mr.  Pratt  has  described  the  appearance  of  the  floor  of  Plato  as  if  seen  through 
a  veil  of  thin  white  polarized  clouds,  such  as  appear  iu  our  own  atmosphere. 
Phenomena  of  this  kind  are  strikingly  in  contrast  with  an  appearance  which 
I  witnessed  on  the  same  evening  and  at  the  same  time,— it  was  the  sharp 
and  well-defined  character  of  the  broad  band  of  roughened  ground  extending 
from  the  Apennines  to  the  region  of  Ukert,  Pallas,  and  Bode. 

Such  observations  as  the  foregoing  remind  one  strongly  of  similar  observa- 
tions recorded  on  numerous  occasions  by  Schroter,  which  are  said  by  the 
greatest  Selenographer  of  the  present  century  to  have  been  proved  to  have 
been  illusions.  It  is  a  remarkable  fact,  and  one  well  worthy  of  deep  con- 
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sideration,  that  whenever  dose  attention  is  given  to  the  moon's  surface  some- 
thing of  the  kind  is  sure  to  crop  up ;  nor  is  it  confined  to  eye  observations 
alone ;  photography  tells  the  same  tale.  In  the  letterpress  to  the  fourth  area 
of  the  Lunar  Map  I  have  given  instances  of  differences  between  photograms 
of  various  dates ;  and  in  drawing  up  my  monogram  of  Hipparchus,  1  com- 
pared every  object  in  every  available  photogram.  It  is  much  to  be  regretted 
that  a  means  of  detecting  differences,  if  not  changes  on  the  moon's  surface, 
should  be  so  little  utilized,  for  I  have  not  mot  with  any  published  results  of 
the  comparison  of  lunar  photograms  except  my  own,  as  specified  above  ;  and 
we  know  that  numerous  negatives  must  be  in  existence.  "Wo  can  hardly 
conceive  it  possible  that  illusion  can  enter  as  an  element  here ;  apparent  dif- 
ferences may  result  from  flaws  either  in  the  originals  or  in  printing,  but  these 
are  capable  of  being  eliminated :  and,  again,  on  photograms  we  have  whatever 
differences  may  present  themselves  under  the  eye  ;  whereas  in  those  observed 
with  the  telescope  we  have  the  records  only  to  depend  upon,  and  these 
records  will  be  more  or  less  convincing  according  to  the  impression  made  by 
tho  phenomena  on  the  mind  at  the  time.  As  illustrative  of  this  I  quote  Mr. 
Pratt's  remarks  in  connexion  with  the  phenomena  of  November  20,  1871: — 
"  Whether  or  no  Lunar  Meteorology  ever  becomes  an  accepted  fact,  I  shall 
always  retain  a  strong  belief  that  this  observation  was  one  of  the  earliest  and 
most  complete  records  I  know  of,  from  the  greatest  intensity  of  the  mist,  or 
whatever  it  was  that  obscured  the  region,  until  its  entire  dissipation  by  the 
rays  of  the  rising  sun."  With  this  Mr.  Pratt  contrasts  an  observation  of  the 
Mare  Frigoris  on  December  "21 ',  1871,  as  follows:—"  Definition  of  objects  on 
the  Mare  Frigoris  fully  as  good  us  on  any  part  of  the  border  of  Plato,  in 
marked  distinction  to  the  observation  of  November  20,  1S71."' 

One  of  the  results  of  my  lute  discussion  of  observations  of  the  floor  of  Plato 
is,  that  certain  peculiar  phenomena,  consisting  of  variations  of  the  brightness 
of  the  N.AV.  floor  and  in  the  forms  of  the  streaks  thereabout,  have  been 
noticed  during  the  greater  part  of  two  years  by  two  or  more  independent 
observers.  On  the  ±2nd  of  December,  1871,  Mr.  Pratt  noticed  "  a  marked 
haziness  over  the  north-west  part  of  the  floor  of  Plato,  an  instance  of  very 
limited  mistiness."  Still,  comparison  with  other  portions  of  the  floor  rendered 
it  to  Mr.  Pratt's  mind  a  no  less  certain  instance  than  the  former  one  of  the 
Mare  Frigoris ;  for  to  ono  who  has  so  constantly  worked  at  tho  floor,  even 
limited  phenomena  would  be  as  apparent  as  those  of  wider  range  to  the 
general  observer. 

Now  what  are  we  to  say  to  illusion  ?  Here  are  independent  observers 
during  a  period  of  many  months  testifying  to  the  existence  of  the  same  phe- 
nomena ;  and  not  only  so  (for  their  testimony  would  have  been  weak  had  we 
merely  taken  a  disjointed  remark  here  or  there,  or  had  one  observer  only,  as 
in  the  case  of  Schroter,  recorded  these  seeings),  but  we  have  had  the  ob- 
servations carefully  examined  and  arranged  under  certain  heads,  the  evidence 
has  been  sifted,  and  we  think  that  an  impartial  verdict  would  negative  illu- 
sion, and  declare  for  some  active  element  producing  the  phenomena  observed. 
What  that  element  is  becomes  a  most  interesting  question*  So  far  as  we 
have  been  able  to  make  out,  the  most  active  agency  that  has  modified  tho 
moon's  surface  is  volcanic.  Have  the  appearances  to  which  allusion  has  been 
made  any  connexion  with  a  continuance  of  this  agency  ? 
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Report  on  the  Mollusca  of  Europe  compared  with  those  of  Eastern 
North  America.     By  J.  GWYN  JEFFREYS,  F.R.S. 

[A  communication  ordered  by  the  General  Committee  to  be  printed  in  extenso.  ] 

AFTER  mentioning  that  he  had  dredged  last  autumn  on  the  coast  of  New 
England  in  a  steamer  provided  by  the  Government  of  the  United  States,  and 
that  he  had  inspected  all  the  principal  collections  of  Mollusca  made  in  Eastern 
North  America,  the  author  compared  the  Mollusca  of  Europe  with  those  of 
Massachusetts.  He  estimated  the  former  to  contain  about  1000  species  (viz. 
200  land  and  freshwater,  and  800  marine),  and  the  latter  to  contain  about 
400  species  (viz.  110  land  and  freshwater,  and  290  marine);  and  ho  took 
Mr.  Binney's  edition  of  the  late  Professor  Gould's  <  lleport  on  the  Invertebrata 
of  Massachusetts,'  published  in  1870,  as  the  standard  of  comparison.  That 
work  gives  401  species,  of  which  Mr.  Jeffreys  considered  41  to  be  varieties 
and  the  young  of  other  species,  leaving  36*0  apparently  distinct  species. 
About  40  species  may  be  added  to  this  number  in  consequence  of  the  recent 
researches  of  Professor  Ycrrill  and  Mr.  Whiteaves  on  the  coast  of  New  Eng- 
land and  in  the  Gulf  of  St.  Lawrence.  Mr.  Jeffreys  identified  173  out  of  the 
360  Massachusetts  species  as  European,  viz.  land  and  freshwater  39  (out  of 
110),  and  marine  134  (out  of  250),  the  proportion  in  the  former  case  being 
28  per  cent.,  and  in  the  latter  nearly  54  per  cent. ;  and  he  produced  a  tabu- 
lated list  of  the  species  in  support  of  his  statement.  He  proposed  to  account 
for  the  distribution  of  the  North -American  Mollusca  thus  identified,  by 
showing  that  the  land  and  freshwater  species  had  probably  migrated  from 
Europe  to  Canada  through  Northern  Asia,  and  that  most  of  the  marine  species 
must  have  been  transported  from  the  Arctic  seas  by  Davis's- Strait  current 
southwards  to  Cape  Cod,  and  the  remainder  from  the  Mediterranean  and 
western  coasts  of  the  Atlantic  by  the  Gulf -stream  in  a  northerly  direction. 
He  renewed  his  objection  to  the  term  "  representative  species."  The  author 
concluded  by  expressing  his  gratitude  for  the  kind  hospitality  and  attention 
which  he  received  from  naturalists  during  his  visit  to  North  America  last  year. 

Mollusca  of  Eastern  North  America,  according  to  Binney's  edition  of  Gould's 
'Invertebrata  of  Massachusetts.' 
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Name  of  Species. 

North  or  South 
of  Cape  Cod. 

03 

Synonyms  and  Remarks. 

28 
29 
30 
31 
32 
33 
34 
36 
38 
39 
40 
43 
44 

Teredo  navalis,  Limiti  

N 
N 
N 
S 

N 
S 
S 

s 
s 

E 
E 
E 

"is" 

E 
E 

Wood's  Hole,  Mass.  (J.  G.  J.). 

T.  megotara,  variety. 
T.  pcthccllata,    Quat  refuges 
(1849),  var. 

Genus  Pholas. 

Nor  vagi  ca,  Spcngler    .  .  . 
megotara,  Hanfcy    
Thompsomi,  Tryon  
dilatata,  Stimpurm    .... 

Xylotrya  fimbriata,  Jcjfreys  .  . 
Pholas  costata,  L  

truncata,  Say   

Zirfsea  crispata,  L  

Solecurtus  gibbus,  Sp. 

divisus,  ftp  
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Page. 

Name  of  Species. 

fe^ 

"»  » 
SB- 

^3O 

1-s 
^ 

a* 

1 

W 

Synonyms  and  Remarks. 

4G 
47 
48 
50 
51 

53 
55 
58 
00 
(51 
02 
04 
05 
00 
08 

00 
71 

72 
73 

75 
77 
70 
80 
81 
83 
83 
85 
8ft 
87 
80 
00 
02 
03 
05 
00 
07 
08 
00 

Machajra  squama,  Ittaimnlle  . 
costata,  Say  

N 
N 
N 
N 

N 

N 
N 
N 
S 

N 
N 

N 
N 
N 
N 

N 

N 
N 

N 

N 

N 
S 

N 
N 

G,  Siliqua. 
G.  Siliqua. 
S.  togata,  young. 
S.toyata,  Poll  (1791). 

Sasicava  Norvcgica,  sp.  (1703). 
G.  (Jyrtodaria. 

Allied  to  L.  Norvcgica. 

Allied  to    Thracia  pr&tcnuis, 
which  is  European. 

T.  inflata,  J.  Soworby  (1845). 

T.fnmrata,  Brown  (1827). 
Not  T.  truncata>  15r,      T.  sep- 
tentrtonalis,  JeiTr.  MS. 
Lovt'n  refieived  a  single  valvo 
from  Finmark, 
3/.  wlidii*imat  Tar. 
Allied  to  M.  su  btr  uncata,  which 
[is  European. 
Mewdcsma  deauratnmt  var. 
G.  MfsotlcMna. 
G.  Lawea. 

G.  Cyamium. 

Linne  instead  of  Pennant. 
N  ri'ifo^a  var 



Solemya  velum,  Say  (1822)... 
borealis,  Tot  ten  (1834)  .. 
Panopira  arctica,  Lamarck 
(1818)  

E 

E 
E 
E 
E 

E 

Glycymerisailiqua,  Chemnitz  . 

Corbula  contracta   Sai/ 

Neivra  pollucida   St. 

Pai  id  ora  t  ri  lineata,  May    

Lyonsia  hyaliua,  Con  rad  
ireiiosa  M  oiler 

E 

E 
E 

An  at  ma  papyracca,  KCIIJ  .. 

Oochlodosma  Lean  urn,  Conr.  . 

Thracia  Con  rad  i,  Omthom/ 
(1838)  "    . 

(1842)'  

—     tr  uncata,  MighehScAda  nt* 
(184L>). 
Mactra  solidissima,  Ch  

o\alis,  Gould    

.  .  .  ..  In  to  ralis   Say 

Cumingia  tellinoidos,  Conr.,.. 
CVronia  arctata    Cony 

•  —   '    deaurata   rl\irtoi\ 

Kellia  planulata,  «SV  

N 
X 
N 
N 
N 
N 
N 
N 
N 
X 
S 
N 

E 
E 
E 
E 

Turtonia  minuta,  Fahriciu*,... 
Montacuta  elevata,  St  

Saxicava  rugosa,  Pi  nnant  
•-••  arctica   Jj 

Pctricola  pholadiformis,  Lam 
-  diiotvlu'*   »SV/// 

Yuloiit  in,  Ireland  ;  a  fragment. 
P  pJioladtformis,  var. 
Tt'llDta  BaltJnca,  L.  (1700). 
T  caharia,  Ch.  (1782). 

Allied  to  T.  tennis. 
L.  borealis,  L.  (1700). 

Axinua  Jlcfitosus,  Mont.,  var. 
(1803). 
&  striatimm.  Lam.  (1818). 
fi.  lacustre,  Muller  (1774). 
Allied  to  -S.  corncum,  whieli  i» 
European. 
S.  pisid  hides,    Gray    (1850). 
Perhaps     introduced     into 
England. 
S.  lacu^trc,  var. 

S.  lacustrc,  var.  Eykholtii. 

MncoiTia  fusea,  Kay  (1820)  .. 

K 
E 

TtOlina  tent  a,  Say  

ten  era   *SW// 

Lupina  filosa,  -SY.  (1851)  
dentata,  Wood  

N 

S 

N 

N 
N 
N 

N 

N 
N 
N 

K 
E 

100 

101 
103 
104 

105 

100 
107 
107 

Cryptodon  Oouldii,  Phdippi 
(1845). 
Spluvrium  simile,  Say  (1810) 
partumeium,  Say  (1822 

E 
E 

Vermontanum,  Prime 
(1801). 

trimcatum,  Linshy  
tcnuo  Prime 

scour  is  Prime  ..    ... 
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108 
109 
110 

110 
112 

113 
113 

115 
116 


117 
119 

121 
123 
124 
125 
120 

127 
128 
129 
131 
13.3 
135 
136 
137 
138 
139 
141 

143 
144 
146 

147 
148 
149 
150 
152 
153 
154 
155 

156 
157 
159 
160 
161 

163 


Name  of  Species. 

11 
^ 

S  ^ 

23 
g-s 

^ 

European. 

Synonyms  and  Remarks.       ' 

Sphfrrium  occidentals,  Prime 
Pisidium  dubium,  Sat/  (1816) 
Adamsii,  Prime  (  1851  )  .  .  . 

com  press  urn,  Prime  .  .  . 

N 
N 
N 

N 
N 

N 

N 
N 

N 

K 
K 

P.  amnicum,  Mull.  (1774). 
7*.    fontinale,    Draparnaud 
(1805). 

Allied  to  P.  nitidiim,  which  is 
European. 
Pt  pUMllitni,  yar.  obtusale. 

P.pitsiltitm,  Gmclin  (1788). 

Possibly  some  of  these  North- 
American  species  may  bo  re- 
duced in  number. 
Perhaps  a  variety  of  A.  bnrea- 
As,  C1!i. 
Including  A.  undatu,  Gould  = 
A.  Onialii,  J.  Sow. 
A.  borcali*,  Ch.  (1784),  var. 
A.  casfiww,  var.  nana. 
A.  sidcafttt  var. 
A.  cotnpressa,  Mont.  (  1803),  v«r. 

A.depressfi,  Br.  (1827). 
A.  compre^a,  var. 
G.  CraoMitelht. 

G.  Venus. 

V.  mercenaria,  var. 
G.  rnw». 
V.  mercenaria,  young. 

G.  Cardinm. 

C.  svlcata,  Brugniere  (1792), 
var, 

A.  pejrata,  var. 

Ar.  tennis,  var. 

Y.  arctica,  vSars.     G.  Leda. 
Allied  to  Leda  lucid  a,  which 
is  European. 
L.  arctica,  Gray  (1819). 
G.  Leda. 
L.  kyperborea,  Lov.  (1846). 
G.  Leda. 

L.  permda,  Mull.  (1770),  var. 
L.  pernitfa,  var. 

.  ferruffincvim    Priftic 

E 

(1841)  

.  —  variabile  Prime 

veiitricosum  Prime  . 

Astarte  castanea,  Soy    

N 
N 

N 

N 
N 
N 

N 
N 
N 
N 
N 
N 
N 
N 
N 
S 
N 

N 
N 

N 

N 

S 

N 

sulcata,  Da  Costa  , 

E 
E 

semi  .sulcata  ,  Leach  (1817) 
quadrans,  Gould  

'  -        •  elliptic^   flanlcy 

-Banksii,  Leach  (1817V.. 

E 
E 

"E" 

(1847)      

Portlandica,  Migheh  .... 
Gouldia  mactrarea,  Lmsley  ... 
Cyprina  Islandiea,  L  
Oy  therea  con  vexa,  Say  
Venus  morccnaria,  L  

Tapes  jQLuctuosa,  Grotdd.  ... 

E 

E 

E 

'  E 
E 

Gemma  gemma,  Toff  en    

Cardiurn  Islandicurn,  7>  
elcjjantulum.  i^Bcck^] 

Moll    .'.'..., 

Liocardium  Mortoni,  Conr.,.. 
Aphrodita  Greenland  ica,  Ch.  . 
Cardita  borealis,  Conr.  (1836) 

Area  pexata,  Sat/  

transversa,  Say  

ISucula  tenuis  Mont  

N 
N 
N 
N 
N 
N 

N 
N 
N 
N 

N 
N 

E 

proxima,  Say    

expansa,  Reeve  
delphinodonta,  Nigh.  ... 
Yoldia  limatula,  Say  (1831).. 
.  .....   ..  obesa  St.  .  .  . 

E 
E 

eiliqua  Reeve  (1855) 

E 
E 
E 

E 

thraciseformis,  Storer  ... 
sapotilla.  Gould  (1841)  . 
myalis,  Couth  

Leda  tenuisulcata,  Couth. 
(1838)      

Jackson.il    Gould 
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! 

Name  of  Species. 

Xorth  or  South 
of  Cape  Cod. 

i 

S            Synonyms  and  Remarks. 

| 
W 

107 
100 

]l(] 
173 

m 

170 
177 

178 

180 
182 

ISO 
188 
100 
102 
103 

lot 

10.3 
100 

100 
200 
202 
203 
204 
204 

200 
208 

210 
211 

213 

21  4 
215 

210 
210 
217 

218 
210 
220 
221 

Lctla  minuta,  Fulr  

N 
X 
N 
X 
H 
S 

a 

N 
S 

E       Mull,  instead  of  Enbr. 
;  ,£.  winuta,  var. 

Perhaps  U.  carU^us^  var 

—  —  caudata,  Donovan  ' 
Unio  coinplanatus,  fcolumhr  .. 

radiatiiH,  GUI  

ochrac'cus  Miy 

Margaritana  areuata,  Jhirna?' 
(1823)  

E     j  Unto  •uwrgaritifcrt  L.  (17<>0). 
(J.  Uiito. 

undulatn,  'SWy  

Aiiodou  iluviut  ili**   IAIH     ... 

8 

X 

....        Dillwvn  (1817)  instead  of  Lea 

implicata,  Kay  

....       G-.  Aiiodmi'a.     A.tyy.mitM\Y. 

(i.  Aiindtmfi!. 

Mylilus  cdulis,  TJ       

X           E 

X           E       G.  Miffth"*. 
X        ....     U.  Mufi/ir*. 

Modiola  modiolu-4,  L.        .... 

Modiolaria  nigra,  (r/v/y    

X 
X 
X 

X 

X 

N 
X 
X 

K 

JO 

10       C.fuJjft.  F.ibr.  (17<{^. 

E 

uorntf'ata.  Kt. 

Crcni'Uu  gland  ula,  Toff. 

pectniula,  (ftut/tl  (1841). 
Pecteii  tennifo^tatus,  Jdu/h.  »\ 

O*«.ti.va  ^'l^'|iulan  i   I^i^fir  . 

X 

s 

•v- 

X 
X 

;                                                          i 
(J.  Jrir</t/t/(f/i<r,  Anr.                         1 
10      , 

./   i  i<]tti>i>iiiiii,  v.ir. 
1  A.  (  i  'h  1  1>  tni1  in  )  ^oulJ|r                     > 

Toivbratulin.i   sopU'iitrmiialis. 

Rliynclumrlln  p^iitaroa,  GUI.  . 
Waldl  ion  m.ic  raiuuni,  Lim.   ... 

N 
X 

(1701),  v.»r. 
TO                                                            i 
10     !  Mull,  iiiHti'sulcirOin.    G.  7V- 

Allu  (1  to  P.  mtnla,  vlik-U  is  i 

quad  rat  a,  S.  jr<W  
luieoliita,  Cnuth.  (1830) 
Seapliander  pimcto-slnutu'% 
Mujh  ^  A<L  (1812)    

X 
X 

X 
N 

N 
X 

!     European. 

10    ! 

E       1\  lima,  Ur.  (1827). 
E       N.  W>r«rii'&>  Lov.  (IS  10). 

10        /  yn\'it?iist/tt>?ifi*ir#,  Lov  (  1  8  10). 
10        rtrt*nh's  hyalines,  Turl. 

E        r.fiirrifit*.  Moll.  (1812). 
i  l\  (.roiildit,  voung. 

Diaphana.  hienialis.   Couth. 
(L830)      

dobilii    (.ivitftf  (  18  lo) 

Utrioulus  Oouldii,  Couth. 
(18;>0)  

canalirulut  us,  Kay    
Cylifhna  alba,  Br  

N 

X 

E 

! 

oryza,  Toft.  (183,"))  

1S72. 

Y 
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Pago. 

Namo  of  Species. 

Xortli  or  South 
of  Cape  Cod. 

European. 

Synonyms  and  Remarks. 

2'22 
222 
223 

224 

22C> 

228 
229 

220 
230 

2;u 

233 

233 
254 

2.Ti 

238 
241) 

241 

242 
243 
245 
240 
24(> 
247 
248 
249 

230 
251 
252 
253 
254 
255 
256 
2f>8 
258 
259 

260 
201 
203 
203 

204 
2G6 

Ijulla  inrincla,  ]\Ii</h  

N 
S 

N 
S 

N 
N 

N 

N 

N 

i\ 
N 

N 

N 
N 

N 

N 
N 

N 
N 
N 
N 

N 
N 
N 
N 

N 
N 
N 
H 
N 
N 
N 
N 
8 
S 

N 
N 
N 

N 

N 

N 

E 

Cylnlwa  sfrtttfa,  T3r.  (IS27). 
IVrhaps  Acfttvn  ^>«fs///««.     GK 
y/c^'t^j. 

Perhaps  /).  />?<  ons^lcua,  which 
is  European.     • 
7).  ayHT((,  Alder  &  Hancock 
(1842). 
J).  tiiljfrarltifa,  Cuvicr  (1802). 
/>.  rcjpanUi,  A.  &  II.  (1842). 
%b  Very  closely  allied  to  D.  in- 
conspiciia?' 
"Very  like  to  Ancula  cristuta? 
which  is  European. 

Kilts  todoeaw,  Mnll.  (1842). 
*•  Approaching  closely  K.cwo- 
nata  of  Forbes/'  which   is 
European. 

"Nearly  allied  to  E.  concinna!' 
which  in  European. 

C.  inarginatus,  not  C.  chicreus. 
A  single  Bpccirnen  only  ;  ques- 
tionable. 

LM  not  Mont, 

C,   flcrvleyi   (Bean),    Thorpe 
(1844). 

D.striolatwn,  var, 

—  solitaria,  *SWy    

occulta,  Miyli.  ^  Ad. 
(1SI2)  

Tornalella  puuclo-striaUi,  Ad. 
Polyecra  Lossonii,  lyOrltigny. 

E 
E 

E 

E 
JO 

E 
E 
K 

E 

E 
E 

E 

E 
Jfi 
E 

E 

tenolla,  At/tittis    

palhda,  Aff.  (1870)  

dindomata,  A/.  (1870).. 
planuldta,  >S/.  (1853)  .. 
gri.se.a,  ASY  

Ancula  siilphurea,  A$<*  

Dondronolus  arboroscens, 
Mu!L    

Doto  coi'onaia,  (hn  

—  —  snUiionJicea,  DC  Kay 
(1843)  .'  

liostoiuciiHrj,  Couth  

rufibraMrliialis,  Johnston. 
pilulu,  (.roi/ltt    

slellafa,  *tf  

picla  A  *f  // 

divorsi,  Cfntfh  

dospccta,  Jolm^t  

gyiDiiota,  DC  K.ay  

Calliopoca  (?)  fuscata,  CioM.. 
Einblctonia,  fuscata,  Goitld  ... 
rcmigata,  Gould  

Jfemia^i  crueiatn,  Alex.  Ay.... 
Aldena  JJarvardunsis,  Ag  ... 
Elysia  chlorotica,  Ag  

I'lacobranchus  catulus,  Ag.  ., 
Limapontia,  /onala,  A'jf  

Chiton  apiculatus,  AScc?/..,..... 

—  —  •  ciiiercus,  L  

—  mbcr,  Lowe  

marmorcus,  l>\ihr  
albus,  Mont.  

mendicarius,  l\Jigh.$'Ad 
H842)  '  

Amicula  Emcrsonii,  Couth.  .. 
Dentaliuin  dcntale,  L  
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I'ago. 

Name  of  Species. 

Xorth  or  South 
of  Cape  Cod. 

a 

I 

2 

*  ! 

Flynonyms  and  E^niarlvS.      ' 

2CO 

207 

200 

Entails  striolata,  &.  (1851;.. 

Tcclura  ie^tudinalis,  JV«//.  .. 
alvous,  Conr  

i\ 

N 
N 

K 
E 

1)  nttthuni  abyR&jriiin,  fc>ars 
(lftT)8),  var. 

71.  tcbtud'uuiUs,  var 

270 

J  jppoi  a  civca  ,  3/w  11  

N 

K 

271 

Crepidula  fornicata,  L  

N 

E 

272 

plann,  fan/ 

N 

CJ.  foi'niciita  var 

273 

—  -    convcxa  iSV/y 

N 

274 

gla.ii  on    fad/ 

N 

C.  fu  ru  it  a  fa  var 

27.r> 
270 
277 

278 
270 
280 

281 

Crueibulum  siriatum,  Sot/    .. 
Conioria  Noaoliina,  L  
lanthina  fragilu,  Dcdutyes  .  .  \ 

Adcorbiri  cost  uluta,  Moll  
Margarita  oinerea,  CmttJt.    .    • 
undulata,  Kowcrby  ^1838  1, 

•        belicina,  Fubr  i 

N 

N 
N 

N 
N 
N 

N 

_R 
K 

j^ 
M 
K 

i: 

(>.  Pi'wfurcVa. 
Lain  ,notl)i>li.    Spofincitumc 
cliaii^cd  to  (  oMMtt'ttis  (1822). 
O.  MtJlcntf. 
O.  Trnlat*. 
Tfcn./nc*  Grot  aland  icvs,  Ch. 
(178IV 
G-.  Troc?n>*. 

282 
283 
284 

285 

nrgcntata,  Gould  (1811)  ' 
•  •  ob3C*ura,  Couth  ' 
aciiminata,  Mtyh.  fy  Ad.i\ 
varicosa,    Miyh.  <f   Ad. 
(1842)  ."  

N 
N 

A 

N 

i^: 

K 
E 

TrocJnt*  f/luitcHS,  Moll.  (1842). 
G.  Tffjf/tus. 
TrvcJtitti  iv/r/tOAws,  young. 

3f.   c?tg<i)ifi*Mtiia    (BcnnX   S. 

28G 

Troolius  occidentalis,  MigJt.  t\ 
Ad  

X 

"R 

Wood  (1848),     G.  'JW/ws. 

28<> 

288 
280 

Valvata  t  ricar  inala,  Hay  (1817) 
pupoidca,  (joitlfl  
Molaiitlio  doc'isa,  fan/    

JS 
X 

N 

E 

P.^/.sr/H<77*j*tMull.(1774),var. 

202 
21)3 
204 

Amnicola  palhda,  Hahlotmn  . 
limosa,  8<ty  
granum,  Nat/  

N 
N 
S 



G.  ]T(/(h'olit(. 
G   lly<!rt.I>ttt. 
G.  Hydrofoil* 

205 
20(5 
»x>7 

Poinatiopsis  lapidaria,  S<ty  -. 
Skencii  planorbis,  Fuhr  
Ri.ssoella?  ebxirnca  Sf 

s 

N 
7s 

E 

(r.    J\l^M1. 

207 
208 

209 
200 
300 

suleosa,  JMi<//i  
Rissoa  ininuta,  Toff.  (1834)... 

laiior,  3%7/.  $  Ad  
aculoiis,  irmtlf!  (  1  84  1  )  .  . 
multilineati'i,  AY  

N 

N 

N 
N 
N 

'  E" 
E 

(  \  .  Ittbfoit*    Ono  specimen  only. 
Ht/tlrohia  mifro*at  Mont. 
(180-']),  var. 

7i.  strut/if,  J.  Adams  (1705). 
A\  tlriata,  var. 

301 

Migliclsi  St. 

N 

301 

cxarata,  Sf.    .    . 

N 

301 
302 
303 
304 

carinata,  Miglt.  $  Ad.  .. 
Lacuna  vincta,  Mvnf.  (1SO3)  . 
ncriioidea,  Gnu  hi  ^184()) 
Littorina  rudis,  J)on  

N 
N 
N 
N 

K 
E 
K 

L.  dmifiCfitn,  Fabr.  (17«Q0). 
L.  jwffirtula,  Turt.  (IWt),  Tar. 
]\tjit(*n.  instead  of  Don. 

3CX) 

t  eriebrosa  ,  Mont  

N 

E 

/,.  ?'mti$,  var. 

308 

litorca,  L  

N 

E 

309 
311 

palliata,  Say  (1822)     ... 
i.         irrorata,  Koy  

N 
S 

E 

Z.  oMvsata,  L.  (176(>),  vnr. 
=  />.  ^wflA/,Low.  (1840). 

311 
312 

Seal  aria  Nor-anglio?,  Conth.  .  .  . 
.  ..  .    .  Hneala,  Say  

N 
S 

-S.  miiltitJriafa,  var. 

313 

11  1  ullist  riat  a  ,  fifty  

S 

314 

—  —  —  Oroc-nlandica,  Cn  

N 

E 

.  . 

Y  ^ 
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Name  of  Species. 

Xorth  or  South 
of  Cape  Cod. 

European. 

Synonyms  and  Hemarks. 

315 

Caecum  pulehellum,  St  

S 

310 

Vermetus  radicula,  »SV. 

S 

317 

Turritella    erosa,    Couth. 
(1839)     

N 

E 

T.  polaris  Moll.  (1842). 

318 

reticulata,  Migh.  $  Ad. 
(1842)  

N 

E 

T  lac  tea  Mull   (1842). 

310 

acicula,  St  

N 

320 
321 

Aporrhais  occidentalis,  Beck.  . 
Bittium,  nigrum,  Tott  

N 
S 

G  CWfhinm 

322 

Greenii,  Ad.  (1830)  

N 

E 

Ct'rithu)itsistit,lercularix^l.unl. 

323 
325 

Triforis  nigrocinctus,  Ad.     ... 
Odostomiu  producta,  Ad  

j* 

[(idwt). 

325 

>S 

327 

dealbata,  St  

N 

327 

modcsta,  St.  .         

N 

327 

bisuturalis,  Say    

328 

.  trilida,  Tott  

$ 

0.  imjpressa,  var. 

329 

seminuda,  Ad  

N 

330 
331 

331 

impressn,  Say  (1822)  ... 
Turbonilla    inlciTiipta,    Toff. 
(1831). 
nivea,  St  

N 

...... 

0.  crrttttft,  Cailliaud  (18(J5). 
MclaitHt  ntfa,  I'll.  (IS3<»^  yar. 
G.  Cklosfonua. 
Perhaps  Turbo  luctcn*,  L.      (3. 

332 
333 

Euliina  oleacea,  Kurtz  $  Si.. 
Mcucstho  albula,  Moll. 

N 

A])parcntly   not   tin-*   species 

334 

Velutina  haliotoidea,   Fair. 
(1780)  

N 

E 

which  is  European. 
V.  Itevit/ata,  Pennant  (1777). 

335 
337 

338 

zonata,  (jould  (1841)  ... 
Lamellaria  perspicun,  L  
Jjimatia  lieros,  Soy  (1822) 

N 

E 

E 

V.  undatit.  Brown  (1827). 

340 

triseriata,  Say  

N 

ffiattcci  hcrox,  youn^. 

341 
342 

Groenlandica,  Moll  
Natica  clauaa,  Broderip  4'  Sow. 
(1829)  ."   

N 

E 

Beck,  fide  Moil.     G.  Nuticcf. 
AT.  affini^  Gm.  (1790). 

344 

pusilla,  Say  

S 

344 
345 

Mamma?  immaculata,  Tott... 
Neverita  duplicata,  Say    

N 



G.  Natica. 
G.  Aa/tca. 

347 
348 

Bulbus  flavus,  Gould  (1840)  .. 

Amauropsis  helicoidcs,  Johnst. 
(1835)  

N 
N 

E 
E 

Suficu  tiimfhii,  Brown  (1839), 

-N.  apcrta,  Lov,  (1840). 

Nafica  Idandica,  Gm.  (1700). 

349 

350 

Pleurotoma  bicarinata,  Couth. 
plicate,  Ad.  (1842) 

N 
N 

E 

P.  d  cell  vis  Lov  (184G). 

351 

Bela  turrieula,  Mont  

N 

E 

352 

.          liarpularia,  Couth.    . 

N 

JO 

G  Pleurotoma 

353 

violacea,   Migh.   tf  Ad. 
(1842)      

N 

E 

Dcfrancia  Bcckii  Moll  (1842) 

354 
355 

decussata,  Couth.  (1841). 

cancellata,  Migh.  $  Ad. 
(1842)  

N 
N 

E 
E 

G.  Pleurotoma. 
Pleurotoma   Trcvclyana,  Turt. 
(1831). 

Defrancia  Pingclii,   Moll. 

355 

pleurotomaria,    Couth. 
(1839). 

N 

E 

(1842).     G.  Pleurotoma. 
Baccinum  pyramidale,  Strom 
(179—).    'G.  Pleurotoma. 
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Tage. 

Name  of  Species. 

Xortli  or  South 
of  Cape  Cod. 

i 
%      j      Synonyms  nnd  Kc  marks. 

W 

371 

U74 

378 

1    iw) 

»i   ' 

i    JV.I7 

400 
401 
401 

.     402 

i    4o:$ 
:    404 
404 
40<» 
407 
408 
401) 

Colurubella  avara,  tSV/y  

S 

X 

N 
S 

X 

E       C.    JfolhJfii    (Beck),    Moll. 
'     (184-J). 

i 

E     , 

•  ~  rosacea,  Gould  (iHIO)  .. 
cliRsimili*,  Kt  

"Purpura  lapillus    .... 

Xassa  obsolcta,  ^V/y  ... 

N 
S 
X 

N 

K 
X 

.  X.prfyHHtjnt.  J.  Sou.  (18J4). 

E 

E       Xot  that  specie4*,  but  li.  un-  \ 

l/H?tlfltM,  Moll. 

E        n.tflatiare,  L  (17(>0). 
(l.'i'roMfmHjr.  allied  to  Pur- 

vibcx,  *SWy  
Uucrinum  undatmn,  L  

Donovani,  Gray  (IS.1  JO)  . 
•  cincreum,  Km/  

X                      Not  that  ^nccies.  but  I'\  curt  us* 

X 

;     Jcffr. 

i  Xot  Jin(cini{~i)i  Ftdjitui  or  Fu-  > 

ventrirosus,  Ciruy.  .  .. 
tornutiw,  Gould'  (  IS  4O)  .. 
tlccemcoslatus,  N*f  y  
Trophon  ckithratifo,  L  

soalariforinif,  Gould, 

X 

X 
X 
X 

X 
X 

H 
R 
X 

s 

s 
s 

X 

X 
X 
N 

X 

N 
X 

S 
X 

X 
X 
N 
N 
X 
N 
N 
N 

;     ww  M>un<  dray. 
E       F.  d(*pfc'i'*,  1^.  (17«'»r»). 

.     E       Xot  that  specie*,  but  T.  frun- 
cutt'i*,  Str. 

E         7'.  claffiraftr*,  L   (17<><>). 
E       Doubt  ful  as  American. 

G-.  Ccrit/ifumt  not  Ccrffhiopsis. 
K       C.  trilitintfti,  l*h  (ISoO). 
E        Hroderip  and  Sowerby's  spe-  ' 

E          ('1Ce' 
i     E     ;  lr.2>c!?HciJ<i,  Mull.  (1774). 
E     ;O   Zumtu*. 
|  Closely  allied  to  Z.  MCitvafim, 
but    umbilicus    much     k.ss 
o]>en. 
E        fruit/en   ntditi'i'fit*,    Alder 

15     ,  Zomfc*  fuln'*t  Mull.  (1774). 
E     !  ff</tJ?i>y</Mtiat  Prop.  (1805). 

E 
E 
E      L.  tovls,  Mull.  (1774). 

muricatus,  Mont  

Uusycon  cuiinliculatiiin,  //.  . 
carica,  (JJH  

Fasciolana  bgata,  ~Miyh.  $  Ad. 
Ranella  oaudata,  fan/    ... 

Cerithiopsis  Kmer^onii,  Ad... 
terebrahs.  Ad.  (1S41) 
Tri(4iotropis  borcvilis,  »;?/•.   .. 

Admcto  vindula,  Fair  

Vitrina  limpidd,  (jnufd  (1S,")0) 
ITyalina  collaria,  31  nil  

arborca,  N/y  

elertrina,  GmiU  (18-11)  . 
iudentata,  flat/  

mimiscula,  ISiMicy   

miliinn   Jfnrsc  

—  diorsina,  Kay  (l&2\)    .. 
ininutissima,  Lett  (1841) 
multideiitata,  Hnmcy  ... 
-    --  lincata,  Ken/  

Macrocyclis  eonca\a,  Say  

' 
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Name  of  Species. 

North  or  South 
of  Cape  Cod. 

i 

Synonyms  and  Remarks. 

410 

Li  max  flavus,  L  

N 

E 

412 

Helix  alternata,  Say  

N 

413 
415 

struilella,  Anthony   
asteriscii.s,  Morse  

N 
N 

415 

labyrinthica,  Set  //  

N 

417 

hirsuta,  Say  

N 

418 

.    .  monodon,  liuckett   

420 

N 

422 

.  tridentata,  Hay  .......*.... 

N 

423 

albolabris,  Ray  

N 

424 

N 

425 

thyroides,  Say  

N 

420 

Sayii,  Sinn  

N 

427 

?  harpa,  Rat/  >  

N 

E 

Sweden. 

428 
42*,) 
431 

pulchella,  Mull  
hortensis,  Mull.  (  \  774)  .. 
Cionolla  subcylindriea,  L  

N 
N 
N 

E 
E 

//.  ncnwraltet  L.  (1700),  var. 
Perhaps  that  species,  but  de- 

433 

N 

E 

scribed  as   inhabiting  fresh 
water.      Cochlicopa   lubrica, 
Mull. 
ljinrn'*8  snecies  is  iniasccvtaiii- 

433 

Iloppii,  Moll  

N 

able.    1\  marf/inata,  Drap. 

431 

pcntodon,  »SV///  

N 

435 

N 

430 
437 

fallax,  Kay  
armifera,  Set?/    

S 

N 

438 

i  contracts  fitiy  .... 

N 

430 

rupicola,  Sttf/    

N 

430 

corticaria,  Say 

N 

4-10 
441 

Vertigo  Gouldii,  liinn.  (1813 
milium,  Gouh!  ... 

N 
N 

E 

V.  atjwlrif,  Aid.  (1830). 

442 

1     N 

E 

1'  v?/f/M(pti  l^ni)  (1801) 

442 
413 

444 
445 
410 

o\ata,  8m/  (1822) 

simplex,  (jo)dd  (1840)  .. 
Succinct!  ovuhs,  G'cK/f^  18-11). 

V 

1     N 

S 

N 

E 

E 

E 

r.  anhwrftf/o,  Drap.  (1801). 
V.  MttHlinwtnii,     Dupuy 

T.  cthntulttt  Prap.  (1805). 
N.  ffa/ans,  Ki8W)(182(>). 
Allied  to  *S'  i)iitri^  var  ochrci- 

447 

obliqua,  Ray  (1824).  .  .. 

N 

E 

cca. 
R  jjiffrts  L  (17GG) 

448 

Tottenianp,  Lea,    .    ... 

N 

i 

<S'.  ijutri$i  var 

451 
453 

Avion  fuscus,  Midi.  (1771-)  ... 
Zonites  mornata,  Say  

N 
N 

"X 

Perlinps  tint  species.     A.  Jior- 
fcnsts,  Keruasac,  (1810). 
ZvnitcK  is  masculine  }    see  Do 

454 

suppressa,  Say  

N 

Montfort. 

454 
457 
405 

fuh^inosn,  Griffith  .... 
Tebennophorus  clorsahs,  Jiinn 
Alexia  m  vosotis,  li-rap  

N 
N 
N 

E 

400 

C'arydnum  cxi^uum,  Say 
(1822)  i.      ... 

N 

E 

C!  minimum  TVTiill.  (1774) 

407 

171 
473 

Melampus  bideutaius.  Say  .. 

Limnnw  coluniclla,  6V/y(1817j 
decollate,  Miyh  

N 

N 
N 

E 

Specific  n.'itno  preoc-ciipied  .  M. 
corHMix,  Desh. 
L.jKregra,  Mull.  (1774). 
L.  catascopium^  var. 
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Name  of  Species. 

North  or  South 
of  Cape  Cod. 

...  1 

C3 

1 

w 

Synonyms  and  Remarks. 

474 
475 
478 
47V) 
4«Q 
481 
482 
4S3 

4*5 
48(> 
-18S 
4')0 
401 
402 
4',tt 
401 
40.5 
407 
408 

409 

r>oi 

502 

r>oi 
50  1 
r>o,"> 
r»or> 

f>07 
50'.) 
010 

51  a 

!     M4 

5W 

Limnaca  ampin,  Mifjh  

N 
N 

N 
a 

N 

E 

L.  palwJris,  Mull.  (1774). 
L.  trunciitula,  var. 

Allied  to  L  tncncafnta. 
L.  fnuictitnfa,  var.  c1egnn». 
L.  truncatula,  Mull.  (1774;. 
More  noarlv  allied  to  1\  riva- 
//.s,  Mai.  it  Hack.,  than  to  1\ 
fttntinahb. 

(  P/tysa  hi/pnorum,  L.  (17(j<>).      i 
i  P.  triwh'ib,  var. 

P.  affin*,  Mull.  (1774). 
P.  ((thus,  var.  Druparnaldi.         : 
,  Allied  to  I1,  n  tfid  un. 
P  y/«Af/\  Jcffr.  (1828). 
Perhaps  introduced  into  Eng-  , 
,     land  anil  naturalized, 
i  G.  Pfftn'trlu*. 
Allied  to  A.  (<(cvtf  rt&. 

'  0.  Cttwltnfl. 

(J-.  S/nria?ii*. 
(i.  fyirfftf/.*. 
C.  jmj>ili'nui<  <"((,  J  Villas  (  17^><>). 

Lamarck's   s]>ecie.<*.      G.   O*n- 
nit(tin*freji_tlitt>. 

i 
].<?.   tf&*™>t^    r.lMl.r.(  1780-02). 

olodes,  fiay  (1821  )    .  .  .  . 

desidiosa,  *SV//  

eatuHcopium,  Afay  

N 
N 
N 

s 

N 

N 

5 

N 
N 
N 
N 

"E" 

E 
E 

liumihs,  &f//(l.S£ij  

Physa  Jielerostropha,  tiny    ... 

Bui  in  us  olo  Hiatus,  Say  (1821) 
Planorbis  trivolvis,  /S'</y    
lent  us,  Stit/    

bicarmatus,  Stty   

en  i  n  pan  ul  a  t  us,  Mr?/  
hirsutus,  Gmdd  (  1  84<  >)  .  . 
deflcctus,  Sen/   

parvus    SV///  (1817  1()) 

i     * 

1     N 

X 

:     N 
X 

N 
i     X 

!    ^ 

E 
E 

JC 

—  •  —  dilatatus   Gould  

Segmontina  armigorn,  fray   ,. 
Anrylus  parallolus,  llald  

_«-  fuSL'US,  At/  

Diaoria  trispniosa,  Li^vcvr  .. 
Psycho  globulosn,  Iftttit/   

rotrovoi'tfus,  Maniiifi 
Cliono  linuu'ina,  Phtj>p>>(\l~i'\ 

N 

V     X 

'     X 

•!     -N" 

s 

1     X 
.'      S 

E 

E 

i 

Onnnastivplirs  sagittatus.  Fcr 
$  IfOrh. 
Loli^o  ])iinrtata,  7)c  K<i>/  .  . 
IValoi,  /.rs-  

Spirilla  ira^ilis,  W.  (1S:'-0)   .. 

Commiflwfor  the  purpose  of  {tnwtigatitiff  Ihc  Chemical 
Constitution  and  Optical  Properties  of  Essvutiat  Oils. 

Dr.  Glwhtones  Iteport. 

BOMB  of  tho  snhstaneos  prepared  and  analyzed  by  Dr.  AVright  wore  examined 
by  nio  for  certain  physical  properties. 

Tho  specimens  of  hydrocarbon  derived  from  nutmeg-oil  were  perfectly 
clear  and  colourless,  and  had  an  odour  resembling  that  of  turpentine,  but 
moro  fragrant.  The  following  are  tho  results  of  the  optical  examination  of 
three  specimens  with  different  boiling -points  (under  them  are  given  tho 
numbers  in  my  papers  in  the  Chemical  Society's  Journal  for  1804) ;— 
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Prepared  by 

Boiling- 
point. 

Tempera- 
ture of 
experiment. 

Specific 
gravity. 

Refractive 
index 
for  A. 

Dispersion. 

Specific 
retractive 
energy. 

Wright  
Ditto  

o         o 

l(>;v-lo± 
J  7.'M7r> 

£>  c. 

i2(>  C'. 

0-8  K">4 
(J'S40  1 

1-1,7.)! 

1  '-U'Mf) 

•02lM 

•O'JOiJ 

•54.11* 

•r>r»oi 

Ditto  

177-170 

:27'0. 

O-.S!  SO 

hJC(>7 

•U,'M  Xj 

•f)f>o;> 

Gladstone  ... 
Ditto  

HV7 
1G(> 

i'OC. 
liO  C. 

(Ks;>is 

0  8.~>:!7 

1-4(>:JO 
1  KvJ4 

•0->*4 
•0°74 

•34:13 
•5434 

J 

The  hydrocarbon  with  the  lower  boiling-point  is  evidently  different  from 
the  specimens  distilled  at  a  higher  temperature.  These  show  a  marked  in- 
crease in  refraction,  and  one  still  more  marked  in  dispersion,  while  then*,  is 
no  corresponding  increase  in  density;  in  fact  they  are  fully  up  to,  if  not 
above,  any  of  the  hydrocarbons  of  the  C10  H1(1>  type  which  1  have  examined. 
Now  if  the  higher  boiling-point  be  due  to  t  ho  "admixture  of  a  body  of  the 
composition  of  (J10  lLn,  it  ought  sensibly  I  o  diminish  instead  of  increasing  tho 
refraction,  on  the  supposition  that  C  and  H  have  the  usual  values  ;  but  if 
this  body  belong  to  the  group  of  aromatic  hydrocarbons,  and  be,  in  fact, 
cymeno,  it  will  have  the  precise  effect  which  is  found  ;  for  cymeiic  gave  the 
following  numbers  at  11°  (-. :— specific  gravity  0-872 ;  refractive  index  for 
A  1-4801;  dispersion  O-OittlJ)  ;  specific  refractive  energy  (Kr>50(>. 

I  have  already  remarked  (Chem.  Journ.  Soc.,  1870,  p.  151)  that  all  tho 
tcrpcnes  give,  refraction- equivalents  a  little  above  the  calculated  amount, 
and  it  might  be  supposed  that  this  is  due  to  the  admixture  of  some  cymene  in 
each  instance  ;  but  the  fact  of  the  same  increased  refraction  occurring  in  the 
ccdrcncs  and  colophene,  which  boil  at  a  temperature  far  above  that  of  cymene, 
negatives  this  idea,  unless  it  be  supposed  that  these  substances  also  contain 
polymerides  of  cymene,  which  is  not  impossible. 

Tho  supposed  polymerides  of  myristicoi  gave  the  following  numbers 
(under  them  are  given  those  previously  determined  for  this  compound)  : — - 


Prepare:!  by 

Boiling^ 
point  . 

Wright   
Ditto  

0            0^ 

Ditto  

above  JJOO 

Gladstone  .. 

....  2'Ji 

Tempera-  i    c,       .« 

turcof     i    SPmfc 
experiment,    K™1*?- 


I  Refractive 

i      indi^x        Dispersion, 
for  A. 


20 


<XH07 


(HUM 


1  4MK 


0-271 


Spoeilie 

rel'r.u-tivo 

energy. 


The  throe  supposed  polymerides  are  evidently  different  bodies;  but  tho 
closeness  of  the  specific  refractive  energies  of  the  first  two  confirms  the  idea 
of  their  being  identical  in  ultimate  composition.  The  third  is  only  a  little 
higher,  which  might  easily  be  accounted  for  by  a  somewhat  larger  propor- 
tion of  hydrogen. 

^  The  body  derived  from  orange-oil,  \\hich  appeared  to  be  analogous  to  this 
higher  polymcride  of  myristicol,  was  found  to  be  like  it  in  other  respects  also. 


Tempera- 
ture of 
experiment 

flpon'fie 
gravity. 

-Rrfraclne 
index 
extreme 
red* 

Refractive 
index  for 
D. 

iSpeeifie 
refractive 
energy  for 
D". 

From  nutmeg    

27° 

1  (r)0l 

]*">31<) 

lT>o7(> 

•V'VO 

From  orange     

27° 

Oi(i<)74 

1*5195 

1  -.r)051 

•V^'iri 
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They  have  both  the  same  colour,  and  absorb  the  more  refrangible  rays  of 
the  spectrum  in  the  same  manner.  That  from  nutmeg  is  somewhat  darker 
and  less  fluid.  They  arc  freely  soluble  in  ether,  but  not  in  alcohol.  Their 
general  appearance,  and  the  action  of  alcohol,  gave  an  impression  of  their 
being  mixtures,  such  as  might  be  inferred  both  from  the  results  of  analysis 
and  from  the  specific  refractive  energy. 

A  chlorinated  product,  4(C  JTnCl)-|-C1flirn,  was  found  to  have 'a  specific 
gravity  of  <KS(>85  at  2-1°,  a  refractive  index  for  A  of  1/4755,  and  a  disper- 
sion of  O326  :  consequently  the  specific  refractive  energy  was  0-5475,  and  the 
refraction-equivalent  for  so  complicated  a  formula  A\i  11  amount  to  440-7;  the 
usual  values  of  carbon,  hydrogen,  and  chlorine  would  give  only  yy5*8f  and, 
making  the  usual  addition  for  phcnyl  compounds,  the  refraction-equivalent 
would  only  rise  to  about  420. 

A  hydrocarbon,  apparently  possessing  the  composition  (010IT1(.)U,  which  was 
found  among  tho  products  of  the  reaction  of  pontaclilorido  of  phosphorus 
on  myrisliool,  wns  somewhat  dark  in  colour.  It  had  the  specific  gravity  of 
Oi(.)5]r>  at  24°,  a  refractive  index  for  A  of  1-51413,  and  a  high  dispersion. 
Its  specific  refractive  energy,  0-5405,  is  but  little  short  of  that  found  for 
cyme-no,  viz.  O550(>,  and  is  consistent,  with  the  idea  of  the  substance  being 
cymeno  mixed  with  some  other  body  not  belonging  to  the  phcnyl  group. 


J)i\  ]Vri<jliCs  Report. 

AT  the  last  meeting  of  the  Association  a  preliminary  notice  was  read  on  the 
action  of  certain  oxidizing  agents  on  licsperithue,  the  terpene  of  orange-oil 
(Portugal  of  commerce).  A  large  number  of  further  experiments  have  been 
made  on  this  essential  oil,  and  also  on  nutmeg-oil,  which  is  said  to  contain 
another  torpcno  ()ni/ri>ticau')  of  boiling-point  several  degrees  lower  than 
than  that  of  hesperidcno  ;  there  being  thus  reason  for  supposing  that  these 
two  terpenes  constitute  a  well-marked  ease  of  isomerism,  it  was  thought  best 
to  investigate  the  oils  in  which  they  occur  before  commencing  experiments 
on  other  and  lesser-known  essential  oils.  In  many  points  the  results  are 
not  yet  quite  complete. 

The  oils  cmploj'cd  were  obtained  from  Messrs.  Fiesse  *t  Lubin,  and  were 
believed  to  bo  perfectly  genuine  and  unadulterated. 

1.  OH  of  flutine:/.— It  has  boon  shown  by  Gladstone  (C'hem.  Soc,  Journ. 
18(54,  p.  I,  and  1.S72,  p.  1)  that  this  oil  consists  essentially  of  a  terpene 
(mi/risttceiic)  boiling  at  1  (>7°,  together  with  a  small  quantity  of  an  oxidized  con- 
stituent boiling  at  about  220°,  and  gh  ing  on  analysis  numbers  agreeing  badly 
•with  the  formula  (!]0IfnO,  and  theneo  termed  wyristicol.  About  a  kilo- 
gramme of  oil  was  slowly  distilled  ;  the  majority  came  over  below  200°  ;  some 
boiled  up  to  290°,  when  a  soft  brown  resin  was  left  in  the  retort,  constituting 
about  2  per  cent,  of  the  oil  distilled ;  on  combustion  this  gave  numbers 
agreeing  with  the  formula  C40H?,pr)=4C]f>iru  +  03. 

The  higher  portions  of  this  lirst  distillate  appeared  to  be  somewhat  more 
oxidized  than  this  resin,  portions  boiling  at  200'°  to  £M)°  and  at  280°  to  290° 
giving  numbers  agreeing  with  the  empirical  formula  010KnOa ;  these  sub- 
stances have  not  yet  boon  further  examined,  being  probably  mixtures. 

The  lower  portions  of  the  first  distillate  were  several  times  fractionated, 
with  tho  result  of  producing  a  considerable  quantity  of  a  mixture  of  hydro- 
carbons boiling  below  180°,  and  a  small  quantity  of  an  oxidized  constituent, 
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tho  "  myristicol  "  of  Gladstone.  After  several  fractionations,  however,  it 
became  evident  that  this  substance  alters  by  tho  action  of  heat  upon  it,  bo- 
coming  changed,  first,  into  liquids  of  tho  same  composition  but  higher  boiling- 
point,  and  finally  into  an  isomeric  resin,  not  volatile  at  300°.  Tho  purest 
unaltered  "myristicol"  obtained  boiled  between  21  2°  and  218°:  both  this 
and  the  higher  isomerides  boiling  at  205°  to  285°  and  the  resin  not  volatile 
at  300°  gave  on  analysis  numbers  which  lay  between  those  required  for  the 
formulie  C10H140  and  C10HlbO,  more  nearly  approximating  to  the  latter;  from 
this  it  is  concluded  that  the  "  myristicol  J>  of  Gladstone  is  essentially  a  peculiar 
kind  of  camphor,  C10H1(,O,  which  on  heating  becomes  transformed  into  a  mix- 
ture of  polymcridcs  bearing  to  it  the  same  relation  that  the  colophcnes  and 
cedrones  boar  to  tho  torpenes  ;  this  conclusion  is  strongly  supported  by  the 
physical  properties  of  those  polyme  rides  as  examined  by  Dr.  Gladst  one. 

This  polymerization  by  heat  of  C]0II1(jO  bodies  probably  affords  aii  ex- 
planation of  the  anomalous  results  obtained  in  tho  distillation  of  certain 
naturally  oxidized  essential  oils,  such  as  lign  aloes,  from  which  no  substance 
of  constant  boiling-point  can  be  obtained,  the  distillates  obtained  in  one 
operation  continually  altering  in  another. 

The  action  of  phosphorus  peutadilorido  on  myristieol  has  been  examined, 
and  appears  to  bo  in  accordance  with  the  equation 

c10Hiao+rai=pocaJ+nc!i+cluiiI1ci, 

a  reaction  indicating  that  myristicol  is  a  kind  of  alcohol  or  phenol,  7.  e. 
that  it  may  be  written  C10TT15  1  0.  Tho  resulting  product  C:olTnCl  is  diffi- 

cult to  obtain  even  approximately  pure,  as  ihe  action  of  heat  causes  it  to 
split  up  into  1IC1  and  C^IT,  ,.  The  hydrocarbon  thus  formed  has  not  yet 
been  thoroughly  examined  ;  a  considerable  quantity  of  it  becomes  polymerized 
at  the  moment  of  its  formation  into  a  yellow-brown  viscid  resin,  not  volatile 
at  the  extreme  limit  of  tho  mercurial  thermometer,  and  having  apparently 
tho  composition  (C10TI1;.)rt.  It  is  proposed  to  obtain  myristicol  in  larger 
quantities,  and  to  examine  more  fully  this  action,  and  also  tho  action  of 
phosphoric  anhydride  &c.  on  it.  Camphor  gives  rise,  by  the  action  of 
dehydrating  agents,  to  cyineue,  C1(JHn  ;  it  will  be  of  interest  to  determine 
whether  such  a  reaction  takes  place  with  myristicol,  and  if  so  whether  the 
samo  cyniene  is  formed. 

The  hydrocarbons  contained  in  the  nutmeg-oil  distillates  boiling  below  180° 
wcro  heated  for  some  time  in  contact  with  sodium,  and  submitted  to  careful 
fractional  distillation  over  that  metal  for  several  weeks  ;  finally  the  whole 
was  almost  entirely  split  up  into  two  portions  —  one  constituting  about  three 
fourths  of  the  whole  and  boiling  at  103°  to  1GG°,  and  the  other,  about  one 
'feixtli  as  large  in  quantity,  boiling  at  173°  to  177°.  Intermediate  fractions 
were  at  first  obtained  ;  but  by  successive  distillations  these  split  up  almost 
entirely  into  the  higher  and  lower  fractions.  A  small  quantity  was  also 
obtained  boiling  above  177°  ;  but  this  contained  a  minute  quantity  of  an  ox- 
idixed  constituent  not  destroyed  by  the  sodium,  distillates  at  179°  to  181° 
and  181°  to  185°  giving  numbers  on  analysis  adding  up  to  98-6  and  OS'S 
respectively  :  —  • 

The  following  percentages  wcro  obtained  with  the  fractions  that  were  free 
from  oxidized  substances  :  — 


boiling-point  ......  1G3°-1G4°C. 

Percent,  carbon...        88-24 
Ditto  hydrogen  ...        11-80 


1G4°-100° 
8828 
13-08 


173°-175° 

88-35 
11-71 


175°-177° 
88-04 
1H>1 


177°-170° 

88*12 
11  '67 
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The  formula  C10H:o  requires  carbon =  88-23,  hydrogen =]1  -77 ;  whilo 
C10H14  requires  carbon =89*55,  hydrogen  10-45. 

From  these  numbers  it  is  interred  that  nutmeg-oil  contains  at  least  two 
torpenes,  one  boiling  at  about  164°,  the  other  at  about  176°,  or  12°  higher, 
the  former  predominating,  and  the  "  myristiccne  "  of  Gladstone,  boiling  at 
107°,  being  a  mixture  of  tho  two.  The  lowest  of  these  two  terpcnes  docs 
not  appear  to  be  mixed  with  any  great  quantity  of  u  lower  hydrocarbon, 
such  as  C10HU,  but  is  not  necessarily  free  from  such  admixture ;  for  quantities 
of  9  and  even  14  per  cent,  of  C10Hnin  the  mixture  produce  very  little  alter- 
ation in  tho  calculated  numbers,  requiring  respectively  C  =  88*30, 11  =  11-04, 
and  0=88*42,  H= 11-58.  The  higher  hydrocarbon,  however,  contains  cer- 
tainly a  considerable  percentage  of  C10H]4  (probably  cymene,  which  boils  at 
about  170°) ;  for  the  observed  numbers  arc  uniformly  short  of  the  hydrogen 
percentage  required  for  010lI1)Jt  and  coincide  precisely  with  thoso  that  would 
bo  furnished  by  a  mixture  containing  20  or  oven  25  per  cent,  of  cymene, 
such  mixtures  requiring  respectively  C= 88*40,  11  =  11*51,  and  0  =  88*50, 
H  =  ll-41. 

As  bhownin  section  4,  tho  103°- 10 4°  fraction  yielded  by  careful  oxidation 
by  nitric  acid  VJ-2  per  cent,  of  a  mixture  of  tolnic  and  terephthalic  acid,  in  tho 
proportion  of  1  of  the  former  to  4  of  the  latter;  if  it  be  assumed  that  these 
acids  arose  solely  from  the  oxidation  of  cymene,  0,0TIU,  present  in  the  hydro- 
carbon employed,  this  would  indicate  tho  presence  of  at  least  11 '1  per  cent, 
of  cymcno  in  tho  hydrocarbon,  a  quantity  which,  as  just  shown,  is  less  than 
that  which  might  bo  present  without  being  appreciable  by  ordinary  analysis. 
The  quantity  of  toluic  4-  tercphthalic  acids  yielded  by  the  fractions  boiling  at 
175°-177°  has  not  yet  been  accurately  determined,  but  it  appears  to  be 
greater  than  that  obtained  from  tho  lower  fraction.  Tho  general  conclusion 
drawn  from  all  this  is,  that  it  is  not  at  all  improbable  that  the  tercphthulic 
acid  produced  by  tho  oxidation  of  various  terpcnes,  such  as  oils  of  turpentine, 
lemons,  ifcc.,  is  derived,  not  from  th<>  (.',,,11,,,  present  in  the  hydrocarbon  vw?, 
L at  from  the  admit'tarc  of  a  certain  amount  of  cymciic  in  *t'he.  subxhnice  em- 
ployed^  and  that,  in  con&cqueiicc,  the  supposed  identity  of  bnch  hydrocarbons 
and  their  relations  to  benzene  arc  by  no  means  proven — a  conclusion 
strengthened  by  the  results  obtained  with  tlio  orango-tiTpone,  hesperidene, 
from  which  no  tercphthalic  acid  at  all  is  derivable  by  oxidation,  although 
otherwise  its  oxidation-products  very  much  re.scinble  iho^o  of  tlic  other 
terpcnes. 

2.  Oil  of  Orati'js-pa  1  ( Portugal  of  commerce). — On  slow  distillation  of  this 
oil  the  majority  came  over  below  ISO0  ;  a  few  drops  of  oxidized  product  came 
over  at  240°-25o0,  ngreevni;  vith  the  formula  C^IT  l(),s=4C\iiH]l.  +  (), ;  and  a 
small  quantity,  2-S  per  cent.,  of  a  non-volatile  inodorous  resin  was  left  behind, 
agreeing  with  the  formula  (^IJ^iX^ir^+O,. 

Like  tho  nutmeg-oil,  there  is  present  a  substance  boiling  at  210°-220°, 
giving  numbers  agreeing  nearly  with  the  formula  0,  JT^O,  and  converted  by 
heat  into  an  isomeric  non-volatile  resin  :  tho  sole  diil'erence  observed  between 
this  body  and  tho  nutmeg-inyristicol  is  in  smell,  tho  ono  smelling  of  nutmeg 
and  the  other  of  orange-peel ;  the  small  proportions  in  which  it  exists  in 
oningo-oil  has  prevented  any  minute  examination  of  it  as  yet. 

Fully  95  per  cent,  of  the  oil  is  a  hydrocarbon  M  hich,  after  many  distilla- 
tions over  sodium,  boils  constantly  at  1 78°  (corrected)  ;  Gladstone  finds 
that  hcsperidcno  boils  at  174°. 

This  is  a  torpone,  as  it  gave,  on  analysis  carbon— 88*  17,  hy dromon  =  12 -UO, 
while  C10HW  requires  C=S8-2»,  11=11-77. 
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It  is  evident  that  this  body  is  not  identical  with  the  lower  nutmog-turpcno 
boiling  at  104°  or  so;  but  there  appears  to  be  some  relation  between  them, 
both  yielding  products  of  similar  character  by  oxidation ;  the  orange- 
terpcne,  however,  giving  no  terephthalic  acid,  from  whence  it  appears  that 
the  hydrocarbon  is  free  from  cymenc. 

3.  Action  of  Potassium  Dichromate  ami  Sulphuric  add  on  Nutmeg-  and 
Oranye-Terpencs. — As  mentioned  in  a  preliminary  note  read  before  the 
Association  last  year,  acetic  acid  is  produced  by  the  action  of  these  substances 
on  hesperidene  along  with  carbonic  and  formic  acids.  Uarium  and  silver 
acetate  have  been  prepared  and  analyzed.  The  portion  of  oil  apparently  not 
attacked  was  found  on  distillation  to  contain  an  oxidized  substance  not 
volatile  below  200°  (the  hydrocarbon  used  was  wholly  volatile  below  178°, 
and  contained  no  trace  of  oxidized  substance)  ;  on  distillation  this  gave  a  few 
drops  boiling  at  210°-2ttO°,  and  a  resin  not  volatile  at  300°,  and  giving 
numbers  agreeing  with  the  formula  (^  Jl^O—O^lI^O  +  C101I,  tO— JIaO.  The 
distillate  at  2lO°-2ttU°,  on  continued  heating,  acquired  a  higher  boiling- 
point  and  became  rcsiiiized  ;  products  boiling  at  2 1 0°  -230°  in  two  different  ex- 
periments, and  a  polymerized  portion  produced  from  the  two  jointly,  and  boiling 
at  240°-2J)0°,  all  gave  numbers  almost  identical  with  those  given  by  myris- 
ticol,  and  closely  approximating  to  those  required  for  C^H^O.  From  these 
numbers,  and  the  peculiar  and  apparently  characteristic  properties  of  tho 

o  ir  i 

substance,  it  is  inferred  that  a  liquid  camphor  of  formula    '"W11  j-  0  has  been 

produced  from  a  hydrocarbon,  C1()TIrjII,  by  direct  oxidation  ;  in  other  words 
that  an  action  of  a  type  hitherto  wanting  has  been  found,  viz.  the  conversion 
of  a  "hydrocarbon  into  one  of  the  corresponding  alcohols  by  direct  oxidation: 
hitherto  this  has  been  only  accomplished  by  circuitous  processes,  such  as 
forming  a  chloro-or  sulphuric  derivative,  &c.,  and  the  conversion  of  this  into 
the  hydroxyl  derivative  by  treatment  with  silver  salts  or  potassium  acetate  and 
caustic  potash,  &c.  From  a  theoretical  point  of  view,  the  interest  attaching 
to  this  reaction  is  great,  as  it  exhibits  closely  the  mutual  relations  of  hydro- 
carbon, primary  alcohol,  ortho-aldehyde,  and  ortho-acid,  thus  : — 

Hydrocarbon X1  .  011,  + 0  =     X1  .    OH.OH  .  .Primary  alcohol. 

Primary  alcohol.  .  X1  .  CHyOK  +  0  =  X1  .  011(011),.  .Ortho-aldehyde. 
Ortho-aldehyde  .  ,  X1  .  011(011),  =  X1  .  O^OH),  .  .Ortho-acid. 

each  substance  being  derived  from  the  preceding  one  by  conversion  of  II 
into  Oil  by  direct  oxidation. 

During  tho  last  few  weeks  it,  has  been  shown  by  Opponhcim  (l)out.  ('hem. 
(Jes.  licr.  v.  G3L)  that  by  the  action  of  sulphuric  arid  and  pota^mm  dicliro- 
mato  on  the  hydrocarbon  O^JI^,  obtained  by  heating  aniline  and  tho  terpene 
dibroiYiide  from  oil  of  lemons  (Citronenol),  there  are  produced  acetic,  aeid, 
terephthalic  acid,  and  a  body,  C10II1(>O,  apparently  identical  with  ordinary 
camphor.  Hchwancrt  (Ann.  Chem.  Pharm.  cxxviii.  77)  found  that  oil  of  lemons 
gave  terephthalic  acid  on  oxidation  with  nitric  acid.  Inasmuch  as  hespe- 
ridene has  been  found  to  }ield  no  appreciable  trace  of  terephthalic  acid  either 
by  the  action  of  nitric  acid  or  by  that  of  sulphuric  acid  and  potassium  dichro- 
inate,  it  appears  that  the  terpene  of  orange-rind  and  that  of  the  lemon-rind  are 
not  identical ;  the  results  obtained  with  tho  nutmeg-oil,  however,  render  it 
not  improbable  that  the  real  source  of  terephthalic  acid  is  cymono  contained  in 
small  quantities  in  the  hydrocarbon  examined,  and  that  many  of  the  ter- 
pcnes  hitherto  described  are  mixtures  of -two  or  more  hydrocarbons.  It 
would  be  desirable  to  have  this  point  cleared  up  both  in  the  case  of  ordinary 
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turpentine  and  oil  of  lemons,  as  well  as  other  terpencs,  as  much  stress  has 
been  laid  on  the  production  of  tcrephthalic  acid  and  of  cymene  from  thcso 
hydrocarbons  and  their  derivatives. 

The  preceding  experiments  render  it  probable  that  the  gradual  rcsinizing 
which  occurs  in  terpencs  on  keeping  arises  from  a  spontaneous  absorption  of 
oxygen  and  the  consequent  formation  of  the  resinous  polymeridcs  (C10l£itt())». 

On  treating-  the  lowest  hydrocarbon  (b.-p.  1(53°- 104C)  obtained  from  nutmeg, 
oil  in  the  same  way  as  the  hespcridcno,  precisely  the  same  results  were  ob- 
tained, with  the  sole  difference  that  a  little  tcrcphthalic  acid  was  also  formed, 
which  was  not  the  case  with  the  orange-hydrocarbon. 

Tho  chromic,  liquor  gave  an  acid  distillate  which  contained  acetic  and 
probably  formic  acids  ;  barium  and  silver  acetates  were  analyzed,  and  the 
apparently  unattacked  hydrocarbon  left  on  distillation  a  few  drops  boiling  at 
upwards  of  210°,  and  giving  numbers  on  analysis  identical  with  those  given 
by  myristiuol,  by  the  oxidized  constituent  of  orange-oil  distilling  at  210°  to 
2tfl)°,  and  by  tho  similarly  obtained  oxidation-product  of  heaporidenc  just 
described.  NVhcthor  these  four  substances  are  identical  or  not  cannot  be  de- 
cided; but  the  only  difference  noticeable  between  them  was  in  the  matter  of 
odour,  each  one  being  different  from  the  others  in  this  respect. 

The  action  of  the  chromic  liquor  on  the  higher  boiling  hydrocarbon  of 
nutmeg-oil  has  not  yet  been  examined, 

4.  Action  of  Kitric  Acid  on  Nutme<j-  mid  Orati'jc-Te rictus. — Schwauert 
has  shown  (Ann.Ch.  Pharm.  cxxviii.  77)  that  where  camphor  and  certain  other 
analogous  substances  are  treated  with  nitric  acid,  there  is  produced,  inter 
alia,  a  lion -crystalline  acid,  caMjJiwsiiuc  and,  C'IUHUO7,  which  same  acid  also 
results  when  certain  terpene.s  (<J.  </.  Citronenul)  are  oxidized  in  the  same  way. 
Kachler,  however,  has  recently  found  (Ann.  C'h.  Pharni.  clix.  ^81)  that  the 
so-called  camphrcsinic  acid  from  eamphor  is  a  mixture,  the  principal  con- 
stituent of  which  is  a  crystallizable  acid,  C.,HUO.,  to  which  he  gives  the 
name  cawphoronic  acid;  this  is  characterized  by  giving  a  sandy  precipi- 
tate on  boUiivj  a  neutral  solution  of  its  ammonium  salt  Mith  barium  chlo- 
ride, from  which  precipitate  the  acid  is  obtainable. 

On  boiling  hesperidene  with  from  eight  to  ten  times  its  volume  of  a  mixture 
of  nitric  acid  diluted  with  its  own  bulk  of  \\ater,  a  vigorous  reaction  sets  in  ; 
red  fumes  and  carbonic  arid  are  copiously  evolved,  and  after  some  time  a  brown 
resinous  substance  is  formed,  which  on  further  treatment  with  stronger  acid 
mostly  becomes  soluble  :  a  small  quantity  of  yellow  re.sinous  substance  is, 
however,  left,  much  resembling  the  crude  teueplithaliu  acid  obtained  by  the 
similar  treatment  of  nutmeg-oil ;  this  substance  mostly  dissolves  in  ammonia ; 
but  on  digesting  the  dark  solution  with  purified  animal  chaivoal,  the  whole  is 
gradually  absorbed,  nitric  acid  finally  giving  no  precipitate  whatever  in  tho 
nitrate.  A  portion  of  tho  filtrate  was  precipitated  before  the  total  absorption 
had  taken  placo ;  the  trilling  amount  of  Hakes  obtained  gave  numbers  on 
combustion  very  far  from  those  required  for  torephthalic  acid,  and  nearly  tho 
same  as  those  given  by  the  yellow  resinous  substance  before  treatment  with 
ammonia  and  animal  charcoal. 

Crude  yellow  r.%sin  gave  carbon 4<M     Hydrogen. .   4-4 

Ditto  partially  puriiied  by  charcoal     ....   47' 7  „  4*<> 

Terepththalic  acid  requires 57*8  „  3-0 

From  this  it  is  inferred  that  the  yellow  resin  was  not  tcrcphthalic  acid,  and 
that  this  body  is  not  produced  by- the  oxidation  of  hesperidene  by  nitric  acid 
(nor  was  it  formed  with  chromic  liquor  as  described  in  the  last  section). 


318  REPOBT— 1872. 

Even  had  this  yellow  resiu  been  pure  terephthalic  acid  it  would  not  have 
amounted  to  more  than  0*3  per  cent,  of  the  hydrocarbon  used. 

The  nitric-acid  solution  was  evaporated  to  dryness,  the  residue  neutralized 
by  ammonia,  and  barium  nitrate  added  in  the  cold;  a  copious  precipitate 
of  oxalate  was  obtained,  from  which  pure  oxalic  acid  and  calcium  and  silver 
oxalates  were  procured  and  analyzed.  The  filtrate  on  boiling  gave  a  trifling 
sandy  precipitate,  which  was  nothing  but  oxalate  ;  no  trace  of  Ivachler's 
camphororiic  acid  could  be  detected. 

The  filtrate  was  precipitated  by  load  acetate,  the  copious  precipitate  well 
washed  and  decomposed  by  sulphuretted  hydrogen,  and  the  evaporated  solu- 
tion thus  obtained  extracted  with  ether ;  after  evaporation  a  yellow  sour 
syrup  was  obtained,  which,  on  standing  for  several  months  over  sulphuric 
acid,  refused  to  deposit  crystals,  but  gradually  thickened,  and  finally  became 
asemisolid  mass  much  resembling  soft  toffy  :  no  crystals  could  be  obtained  by 
pressure  in  blotting-paper.  On  combustion  this  gave  numbers  indicating 
approximately  the  formula  C20H1S0LO,  but  differing  considerably  from  those 
required  for  either  ramphresinic  or  camphoronic  acids.  Converted  into  cal- 
cium salt  a  gummy  salt  was  obtained,  which,  after  drying  at  100°,  contained 
18-1  to  18-5  of  calcium.  On  dissolving  this  in  water  and  precipitating  by 
alcohol  a  calcium  salt  was  thrown  down  resembling  the  original  one  in  all 
respects,  but  containing  20*8  per  cent,  of  calcium  after  drying  at  100°.  From 
this  it  appears  that  the  syrupy  toffy-like  acid  was  a  mixture.  The  isolation 
of  the  constituents  of  this  mixture  has  not  yet  been  finished. 

On  treating  the  1()3°-104°  nutmeg-terpene  in  the  same  way,  precisely 
similar  results  were  obtained,  with  this  difference,  that  the  brown  resinous 
product  formed  after  the  action  had  gone  on  for  a  short  time  was  converted, 
by  longer  treatment,  into  a  yellow  resin,  which,  after  purification  by  solution 
in  ammonia,  treatment  with  animal  charcoal,  and  precipitation  of  the  nearly 
decolorized  solution  by  nitric  acid,  furnished  a  mixture  of  toluic  and  tereph- 
thalic  acids.  In  one  carefully  conducted  quantitative  experiment,  105-8 
grammes  of  pure  hydrocarbon  gave  14-0  of  a  mixture  which,  on  analysis,  ap- 
peared to  contain  the  acids  in  the  proportions  denoted  by  4CJT(Ol4-CHH/)2 ; 
i.  e.  the  mixture  vras  13'2  per  cent,  of  the  hydrocarbon.  In  other  experiments, 
with  the  mixture  of  hydrocarbons  boiling  below  180°  contained  in  the  nut- 
meg-oil, 17  to  18  per  cent,  of  a  mixture  of  CJIb04  and  (^irsOa  in  nearly 
equal  proportions  was  obtained. 

It  was  found  difficult  to  separate  completely  the  toluic  and  tcrephthnlic 
acids  by  boiling  water  or  alcohol,  in  which  the  latter  is  much  the  least  soluble  ; 
but  approximately  pure  specimens  of  each  acid  were  isolated  and  recognized 
by  combustion,  properties,  and  preparation  of  barium  salts. 

The  nitric-acid  solution  was  found  to  contain  oxalic  acid,  recognized  by  its 
properties  and  the  analysis  of  its  calcium  salt;  ibis  was  separated,  and  the 
filtrate  treated  in  the  manner  above  described ;  finally  a  syrupy  toffy-like 
acid  was  obtained,  much  resembling  that  from  hespcridene.  This  gave 
numbers  agreeing  with  the  formula  C10KU00 ;  on  conversion  into  calcium 
salt  and  precipitation  by  alcohol,  u  substance  was  obtaiiied  which,  after  drying 
at  160°?  contained  20-4  per  cent,  of  calcium  The  examination  of  these  pro- 
ducts is  not  yet  concluded. 

5.  Action  of  Jlydriodic  Acid  on  Ifaperidene.' — Gaseous  hydriodic  acid  was 
passed  into  hesperidene  till  saturated ;  the  substance  remained  liquid  :  after 
agitation  with  dilute  caustic  soda  the  liquid  boiled  at  near  220°,  with  partial 
decomposition,  and  gave  numbers  indicating  the  compound  CJOH1CHI  mixed 
with  some  unaltered  hydrocarbon. 
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In  order  to  add  on  hydrogen  to  hesperidene,  this  crude  hydriodide  was 
heated  with  phosphorus  and  water  in  a  scaled  tube  at  130°-150°.  Much 
phosphino  and  phosphoraum  iodide  were  produced,  and  several  times  the  tubes 
exploded  ;  a  polymeride  of  010Illi5,  however,  was  the  sole  resulting  organic 
substance. 

The  Ramo  result  was  obtained  on  boiling  with  phosphorus  the  crude 
hydriodide,  an  inverted  condenser  being  attached.  After  some  time  the  con- 
tents of  this  ilusk  were  distilled  and  found  to  consist  only  of  C1(,IIIfl  +  C10 
H17I;  the  last  few  drops  in  the  retort  boiled  at  about  250°;  boiling  alcohol  dis- 
solved the  fluid  sparingly  (cold  alcohol  dissolved  only  traces).  A  few  drops  of  an 
oily  hydrocarbon  deposited  on  cooling;  on  combustion  this  gave  carbon  8S*5, 
hydrogen  11-4:  total  99-i). 

The  formula  (C101TI(i)  requires  carbon  8S-2,  hydrogen  11-8;  whence  it 
appears  that  the  hesperidene  has  become  polymerized,  the  boiling-point  being 
raised  about  75°.  Gladstone  has  shown  that  (',-^1  polymerides  boil  near 
2oU°;  the  analysis  Indicates  rather  a  subtraction  than  an  addition  of  hydro- 
gen, C15ir,j  requiring  carbon  SS-7,  hydrogen  1K3. 

In  the  hope  of  obtaining  a  Cn  acid,  the  hydriodide  was  boiled  with  alcohol 
and  silver  cyanide  for  several  hours  ;  silver  iodide  was  copiously  produced, 
and  the  liquid  acquired  a  peculiar  odour  recalling  that  of  the  nitriles. 

On  boiling  with  alcoholic  potash,  ammonia  and  methylamine  were  given  off, 
a  thick  brown  carbonized  resin  was  formed,  and,  in  very  small  quantity,  the 
potash  suit  of  an  acid  soluble  in  ether;  this  acid  gave  a  yellowish  -white  floe- 
culunt  precipitate  with  lead  acetate  :  just  sufficient  of  this  lead  salt  was  ob- 
tained for  one  determination,  which  gave  lead  =  5-i*G  per  cent.  Probably 
this  was  a  basic  suit;  the  anticipated  reactions 


indicate  the  formation  of  an  acid,  the  neutral  salt  of  whioh  would  require 
!J(KJ  per  cent,  lead,  while  the  basic  salt  (C^/H^O^PbjPbO  would  require 
5*7. 

It  is  proposed  to  cxami  nc  further  the  quest  ions  of  the  synthesis  of  acids  from 
tho  diifcrent  terpeiics,  by  means  of  the  hydrogen  chloride  or  hydrogen  bro- 
mide compounds. 

APPENDIX.  —  Since  the  reading  of  tho  above  "Report,  some  fnrtlier  experi- 
ments have  been  made  on  the  existence  of  cymene  as  a  natural  constituent 
of  what  have  been  hitherto  considered  to  be  pure  terpcncs  :  by  treating 
such  terpenes  with  sulphuric  aeid,  the  CJ0ir,rt  constituents  are  polymerized, 
whilst  cymene,  if  present,  is  mainly  unaltered  and  can  be  obtained  by  dis- 
tilling the  acid  liquor  in  a  current-  of  steam.  Uy  these  means  it  has  been 
found  that  the  lowest  -boiling  nutmeg-hydrocarbon  actually  docs  contain 
cymene  ;  nlso  that  cymene  is  present  in  ordinary  oil  of  turpentine  ;  on  tho 
other  hand,  no  trace  of  cymenc  is  contained  in  hesperidene,  a  fact  the  more 
remarkable  as  pure  cymene  is  obtainable  in  quantity  by  heating  the  product 
of  the  action  of  bromine  on  hesperidene,  viz.  (^ll^Ur^  which  splits  up  thus  — 


Apparently  the  cymene  thus  produced,  that  precontaincd  in  nutmeg-oil  and 
oil  of  turpentine,  that  derived  from  camphor  and  various  other  varieties  now 
undergoing  examination  nrc  identical, 
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Tho  action  of  zinc  chloride  on  myristieol  yields  the  same  cymene  together 
with  another  product. 

The  acids  obtained  hy  the  action  of  nitric  acid  on  hesperidono  and  myris- 
ticene,  as  described  in  the  above  report,  have  been  obtained  in  the  pure 
state,  and  are  represented  by  the  formulae — 

Dried  Dried  over 

at  100°.  sulphuric  acid. 

Acid  from  hespcridene    C,0HT°t7  C.10H,.Or,  2II0O 

Acid  from  myristicenc    ....   C^II^O,,  VAt(\*>  21£0 

It  is  hoped  that  a  report  on  these  and  other  points  will  be  presented  at  the 
next  Meeting  of  the  Association. 

0.  It.  A.  WKIGJIT. 
St.  Mary's  Hospital,  Feb.  28,  1873. 


Report  of  the  Committee,  consisting  of  the  Rev.  Canon  TIUSTIIAM, 
Professor  NEWTON,  II.  E.  DKKSSKK,  J.  S.  HAKTINU,  and  the 
llev,  A.  F.  .BAUNES,  appointed  for  the  purpose  of  continuing  the 
investigation  on  the  desirability  of  establishing  a  "  Close  Time  "  for 
the  preservation  of  indigenous  animals. 

1.  BELIEVING  that  the  time  had  come  for  advantageously  urging  the  Legis- 
lature to  take  further  action  whereby  the  objects  for  which  your  Committee 
was  appointed  might  bo  promoted,  your  Committee,  after  due  consideration, 
prepared  a  Bill,  intituled  an  Act  for  the  Protection  of  Wild  Fowl,  which 
being  entrusted  to  the  care  of  Mr.  Andrew  Johnston,  M.P.,  was  by  him, 
Colonel  Tomline,  M.P.,  and  Mr.  Brown,  M.P.,  brought  into  the  House  of 
Commons  on  February  15th,  and  read  the  first  time. 

2.  This  Bill  was  based  entirely  on  the  SSea-Birds' Preservation  Act 'of 
1809,  and,  mutatis  mutandis  only,  strictly  followed  the  provisions  of  that  Act, 
which  experience  has  shown  to  have  fully  effected  the  object  for  which  it  was 
passed,  and  to  have  given  very  general  satisfaction  to  the  country  at  large. 

3.  On  the  motion  for  the  second  reading  of  the  Bill  in  the  House  of  Com- 
mons, June  12th,  the  Hon.  Aubcron  Herbert,  M.P.,  proposed  as  au  amend- 
ment that  it  was  u  desirable  to  provide  for  the  protection  of  all  wild  birds 
during  the  breeding-season ;  "  but  this  amendment,  which  would  have  been 
fatal  to  the  Bill,  was  withdrawn  ;  the  Bill  was  read  a  second  time  and  ordered 
to  be  committed,  June  Ulst. 

4.  In  the  debate  in  the  House  of  Commons  on  the  notice  for  going  into 
Committee,  Mr.  Herbert  moved,  according  to  notice,  "  That  it  be  an  instruc- 
tion to  the  Committee  that  they  have  power  to  extend  the  protection,  given 
under  the  Bill  to  Wild  Fowl  during  the  breeding-season,  to  other  wild  birds. v 
The  House  divided:  Ayes  20,  Noes  15;  and  thereupon  Mr.  Herbert  moved 
a  number  of  other  amendments  of  which  he  had  given  notice;  and  these  being 
accepted  by  the  House,  the  Bill,  instead  of  being  the  moderate  measure  con- 
templated by  your  Committee,  became  one  of  general  and  indefinite  scope. 

5.  By  this  means  the  fate  of  the  Bill,  which  had  hitherto  met  with  no 
serious  opposition,  was  rendered  very  uncertain,  and  notice  was  given  of  a 
motion  to  throw  it  out ;  but  on  the  report  being  taken,  the  Bill,  on  Mr.  John- 
ston's proposal,,  was  referred  to  a  Select  Committee,  by  whom  it  was  still 
further  modified,  the  objections  urged  against  its  sweeping  clauses  being  over- 
come by  limiting  its  effects  to  certain  kinds  of  birds  named  in  a  Schedule, 
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while  the  penalties  for  its  infringement  were  diminished.  In  this  form  it 
went  back  to  the  House  of  Commons,  and  with  a  few  other  alterations  finally 
passed  that  House,  and  Avas  sent  to  the  House  of  Lords. 

0.  In  the  Upper  House  charge  of  the  Bill  was  taken  by  the  Earl  of  Malmes- 
bury,  and,  some  fault  being  found  with  it,  its  provisions  were  further  altered  in 
Committee,  a  person  convicted  of  a  first  offence  being  rendered  liable  to  a  repri- 
mand and  the  payment  of  costs  and  summons  only.  Thus  modified  it  was  re- 
turned to  tho  House  of  Commons,  and  has  since  received  Her  Majesty's  assent. 

7.  Your  Committee  cannot  look  with  unmixed  favour  on  this  measure.     It 
appears  to  them  to  attempt  to  do  too  much,  and  not  to  provide  effectual  means 
of  doing  it.     In  their  former  Reports*  they  have  hinted  at,  if  not  expressed, 
the  difficulty  or  impossibility  of  passing  any  general  measure,  which,  without 
being  oppressive  to  any  class  of  persons,  should  be  adequate  to  the  purpose. 
Further  consideration  has  strengthened  their  opinion  on  this  point.     They 
fear  that  tho  new  Act,  though  far  from  a  general  measure,  will  be  a  very 
inefficient  check  tn  the  destruction  of  those  birds,  which,  from  their  yearly 
decreasing  numbers,  most  require  protection,  its  restraining  power  having 
boon  weakened  for  the  sake  of  protecting  u  number  of  birds  which  do  not 
require  protection  at  all.     Your  Committee  have  never  succeeded  in  obtain- 
ing any  satisfactory  evidence,  much  less  any  convincing  proof,  that  the  num- 
bers of  small  birds  are  generally  decreasing  in  this  country.     On  the  con- 
trary, they  believe  that,  from  various  causes,  many  if  not  most  species  of 
small  birds  are  actually  on  tho  increase.     They  are  therefore  of  opinion  that 
an  Act  of  Parliament  proposing  to  promote  their  preservation  is  a  piece  of 
mistaken  legislation,  and  is  mischievous  in  its  effect,  since  it  diverts  public 
attention   from  those  species  which,  through  neglect,  indifference,  custom, 
cupidity,  or  prejudice,  are  suffering  a  persecution  that  will  in  a  few  years 
ensure  their  complete  extermination.     At  the  same  time  your  Committee  are 
glad  to  state  that  such  protection  us  is  afforded  by  the  new  Act  will  be  ex- 
tended to  the  particular  group  of  birds  which  in  former  Reports  they  have 
shown  to  require-  it  most,  all  the  "Wild  Fowl  named  in  the  Ittll  prepared  by 
your  Committee  having  been  included  in  the  schedule  of  tho  Acf.     It  is  also 
gratifying  to  your  Committee  to  find  that  the  principle  of  a  "  Close  Time  " 
for.  all  birds  has  been  admitted  by  the  House  of  Commons,  though  the  appli- 
cation of  that  principle  may  at  present  bo  inexpedient.     Your  Committee 
therefore  trust  that  the  Act  will  not  be  otherwise  than  beneficial  in  its  results ; 
and  though  greatly  indebted  to  many  noblemen  and  gentlemen  for  tho  assis- 
tance they  have  rendered,  your  Committee  cannot  refrain  from  especially 
thanking  Mr.  Andrew  Johnston  for  the  skill  and  patience  he  has  shown  in 
the  conduct  of  the  Bill  introduced. 

8.  Your  Committee  respectfully  suggest  that  they  may  be  reappointed. 


Sixth  Report  of  the  Committee  appointed  for  the  purpose  of  continuing 
Researches  'in  Fossil  Crustacea,  consisting  of  Professor  P.  MARTIN 
DUNCAN,  F.R.S.,  HKNRY  WOODWARD,  F.G.S.,  and  ROBERT 
ETHERIDGE,  F.R.S.  Drawn  up  by  HENRY  WOODWARD,  F.G.S. 

SINCE  I  had  the  pleasure  of  presenting  my  last  Report  at  Edinburgh,  I  am  glad 
to  be  able  to  state  that  two  entire  parts  (Parts  III.  and  IV.)  of  my  Mono- 
1872.  z 
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graph  on  the  MEROSTOMATA  have  been  printed,  and  form  part  of  the  volumes 
of  the  Palseontographical  Society's  annual  fasciculus  for  1871  and  1872 
respectively. 

Part  IH.  completes  the  genus  Pterygotus,  and  contains  descriptions  and 
figures  of: — 

Pterygotus  raniceps.    Upper  Silurian,  Lanark. 

taurinus.    Ditto,  Herefordshire. 

ludemis.    Old  Red  Sandstone,  Kington,  Herefordshire. 

Banksii.     Upper  Ludiow,  Ludlow. 

—  stylops.     Upper  Silurian,  Kington,  Herefordshire. 

—  arcuatus.     Lower  Ludlow,  Leintwardine. 

gigas.     Bownton  Sandstone,  Hereford. 

problematic  us.     Upper  Ludlow,  Ludlow. 

Slimonia  acuminata.     Upper  Silurian,  Lcimahagow. 

Part  IV.  completes  the  suborder  EURYPTERIDA,  and  contains  descriptions 
and  figures  of  the  following  genera  and  species  : — 

Stylonurus  Powriei.     Old  Ked  Sandstone,  Forfar. 

megatops.     Ditto,  Ludlow. 

Symondsii.     Ditto,  Eowlestone,  Herefordshire. 

ensiformis.    Ditto,  Forfar, 

scoticus.    Ditto. 

Jjogani.     Upper  Silurian,  Lanark. 

Eurypterus  Scoukri.     Carboniferous  Limestone,  Kirkton,  Bathgate. 
lanceolatus.    Upper  Silurian,  Lanark. 

—  pygm&us.    Upper  Ludlow,  Kingtou. 

—  acuminatus.     Ditto,  Ludlow. 
linearis.    Ditto. 

—  abbreviate.     Downton  Sandstone,  Kington. 
hibernicus.     Old  Ked  Sandstone,  Ireland. 

<          Brewstcri.     Ditto,  Arbroath. 

• scorpioides.     LTpper  Silurian,  Lanark. 

• punctatus.     Ludlow  Rock,  near  Ludlow. 

obesus.     Upper  Silurian,  Lanarkshire. 

Brodiei.     Ditto,  Herefordshire. 

Hemiaspis  limuloides.     Upper  Ludlow,  near  Ludlow. 

speratus.     Lower  Ludlow,  ditto. 

horridus.    Wenlock  Limestone,  Dudley. 

Salweyi.    Upper  Ludlow,  Ludlow. 

Two  doubtful  species  of  Eurypterus,  namely  E.  mawmatus,  from  the  Coal- 
measures  near  Manchester,  and  E.  ferox,  Coal-measures,  Coalbrookdale  and 
Staffordshire  Coal-field,  have  been  examined  critically  ;  and  with  regard  to 
E.  vnammatus,  I  have  also  had  the  great  advantage  of  the  assistance  and  rare 
paleeobotanical  knowledge  of  my  colleague,  Mr.  W.  Carruthers,  E.1LS. 

A  careful  examination  of  the  original  specimens  of  E.  mammatus  has 
enabled  me  to  show  that  four  out  of  the  six  specimens  known  and  referred 
by  the  late  Mr.  Salter  to  the  genus  Eurypterus  are  plant-remains,  referable 
to  the  genus  Ulodendron  or  to  fragments  of  a  large  Equisetaceous  plant, 
and  that  the  two  remaining  parts  appear  to  belong  to  Jordan  and  Yon 
Meyer's  genus  Artliropleura,  a  nondescript  crustacean  (or,  more  probably,  a 
gigantic  arachnid),  only  known  at  present  by  a  scries  of  obscure  frag- 
ments from  Saarbruck,  from  Manchester,  and  from  Camerton  Colliery,  near 
Bristol. 

The  ornamentation  as  well  as  the  form  of  these  pieces  are  totally  unlike 
any  known  Eurypterus. 

Of  Eurypterus  ferox  I  am  now  able  to  state  that  it  is  not  a  Eurypterid, 
but  is  referable  to  Messrs.  Meek  and  Worthen's  American  genus  Euphobcria, 
and  that  it  is  a  gigantic  MYEIOPOD,  much  larger  than  our  largest  tropical 
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living  species  of  Julus  or  Centipede.  This  is  the  second  species  of  Myriopod 
occurring  in  the  Coal-field  of  Illinois,  U.S.,  which  has  since  also  been  obtained 
in  England. 

Of  the  Merostomata  only  the  suborder  Xiphosura  remains  to  be  mono- 
graphed, a  task  which  I  hope  to  complete  during  the  present  year. 

At  the  beginning  of  this  year  I  was  requested  by  llobt.  Etheridge,  Jun., 
Esq.,  E.G.S.  (of  the  Geological  Survey  of  Scotland),  to  examine  some  speci- 
mens of  Ceratiocaris  from  Lesmahagow,  Lanarkshire.  Among  them  was 
one  to  which  he  specially  drew  my  attention,  as  it  presented  the  novel  appear- 
ance of  appendages  on  the  underside  of  the  caudal  scries  of  segments.  These 
consist  of  gill-like  plates  depending  freely  from  each  segment.  They  are  no 
doubt  analogous  to  those  seen  in  Nebttlia,  which  are  supplementary  abdominal 
gill-feet.  The  discovery  of  these  organs  by  Mr.  Etheridgo,  which  occur  also 
in  several  other  specimens,  does  not  in  any  way  alter  the  position  of  Ceratio~ 
caris,  but  renders  our  knowledge  of  it  more  complete. 

Since  Mr.  Walter's  paper  "  On  Peltomris,  a  new  genus  of  Silurian  Crus- 
tacea/' was  published  in  1863  (Quart.  Journ.  Geol.  Soc.  vol.  xix.  p.  87),  I 
announced  a  second  genus,  Discinocaris,  in  18f>6  (see  Quart.  Journ.  Geol. 
Soc.  vol.  xxii.  p.  503),  also  from  tho  Llandeilo  flags  of  Dumfriesshire. 
Mr.  Charles  Lapworth,  Mr.  J.  Wilson,  Mr.  Kobert  Michie,  and  others  have 
added  several  fine  examples  of  this  type  of  Phyllopodous  Crustacea.  The 
largest  of  these  is  a  portion  of  a  carapace  from  Dobb's  Linn,  Moffat,  Dum- 
friesshire, and  appears  to  agree  best  with  Uiscinocftris  ;  but  instead  of  being 
a  carapace  the  size  of  a  threepenny  piece,  like  JJiscinocaris  Jirowniana,  de- 
scribed by  me  in  1806,  this  specimen,  with  its  characteristic  markings,  gives 
evidence  of  an  individual  7  inches  in  diameter.  Another  specimen  of  this 
same  gigantic  Phyllopocl  was  obtained  from  Moffat  by  llobert  Etheridge,  jun., 
Esq.,  F.G.S.,  of  the  Geological  Survey  of  Scotland. 

An  entire  carapace  (of  which  three  examples  have  been  obtained),  from  the 
Iliccarton  Beds,  Yads  Lynn,  near  llawick,  makes  us  acquainted  with  a  new 
genus,  for  which  the  name  Aptycliopnis  is  proposed. 

Ft  measures  1-J  in.  in  length  and  LJ  in.  across. 

The  nuchal  suture  is  straight  (not  semicircular,  as  in  Peltocaris),  and  it  has 
a  well-marked  dorsal  suture,  which  again  separates  it  from  Discinocaris,  in 
which  the  dorsal  suture  is  absent. 

I  name  this  species  Aptychopsis  Wilnoni,  after  its  discoverer. 

Another  and  more  oval-formed  but  equally  perfect  carapace  of  a  smaller 
species,  from  the  MofFat  Anthracitie  Shales,  measuring  8  lines  long  by  7  lines 
broad  (having  the  triangular  cephalic  plate  in  situ),  I  have  named  Aptychopsis 
LfqnrortJii,  after  Mr.  Lapworth,  who  has  devoted  so  many  years  to  the  inves- 
tigation of  the  geology  of  Galashiels  and  the  surrounding  district. 

A  third  species,  very  distinct,  from  the  foregoing  two,  obtained  from  the 
Buckholm  Beds  (which  is  finely  striated  concentric-airy,  and  is  7  lines  in  dia- 
meter), I  have  named  Ajttyc/to^sis  yhtbra. 

There  are  several  other  examples  from  this  rich  locality,  including  speci- 
mens of  Pelt  oca  ns  a}>tydwiihs>  species  of  Dithyrocaris,  Ceratiocaris,  and 
portions  of  the  scale-marked  integument  of  Pteryyotus. 

1  have  lately  received  from  Mr.  Thomas  Birtwcll,  of  Padiham,  Lancashire, 
two  specimens  of  a  new  Limuloid  crustacean,  in  which  all  the  thoracico- 
abdominal  segments  ore  welded  together  into  one  piece,  as  in  the  modern 
LimuJus,  but  without  any  trace  of  segmentation  along  the  margin. 

The  head-shield  is  also  smooth,  the  compound  eyes  are  small,  but  the  larval 
ocelli  are  very  distinctly  seen,  and  are  almost  as  large  as  in  the  modern  king 
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crabs.  The  specimen  is  only  8  lines  wide  and  8  long ;  it  is  remarkably 
convex  in  proportion  to  its  size.  I  have  named  it  after  its  discoverer  Prest- 
wichia  Birtwelli  (see  Geol.  Mag.  1872,  vol.  ix.  p.  440,  pi.  10.  figs.  I),  10). 

Another  new  Limuloid  crustacean,  specimens  of  which  have  heen  obtained 
from  the  Dudley  Coal-fiold,  ami  also  from  Coalbrookdale,  has  the  five  thoracic 
segments  free  and  movable  (as  in  Bellinunis  bellulus  of  Konig),  but  the 
pleurae  are  bluntly  acuminate,  not  finely  pointed,  as  in  B.  hellidiis,  and 
the  head-shield  is  not  armed  with  long  and  pointed  check-spines,  as  in  that 
species. 

I  propose  to  name  it  BelUnunis  Koniyiamis,  after  the  distinguished  author 
of  the  '  Icones  Fossilium  sectiles,'  formerly  Keeper  of  the  Mineral  and  Fossil 
Collections  in  the  British  Museum  (see  Geol.  Mag.  1872,  vol.  ix.  p.  4159, 
pi.  10.  fig.  8). 

Of  foreign  Palaeozoic  Crustacea,  a  remarkable  new  Tribolite  (obtained  by 
Dr.  W.  G.  Atherstone,  of  Graham's  Town,  Cape  Colony),  from  the  Cock's- 
comb  Mountains,  South  Africa,  deserves  to  be  noticed  bore.  It  is  a  new  and 
elegant  species  of  Ewrinurus  (measuring  3  inches  in  length),  preserved  in. 
the  centre  of  a  hard  concretionary  nodule,  which  has  split  open,  revealing  the 
Trilobite  itself  in  one  piece  and  a  profile  of  it  on  the  other.  The  profile 
shows  that  each  of  the  eleven  free  body- segments  was  armed  with  a  pro- 
minent dorsal  spine  nearly  half  an  inch  in  length,  whilst  the  pygidium  was 
similarly  terminated  by  an  even  longer  spine,  slightly  recurved  at  its  extre- 
mity, and  all  of  the  spines  cumulated,  as  if  composed  of  a  large  number  of 
points.  Encrinuri  with  two  (and  in  one  case  even  with  three)  dorsal  spines 
have  been  obtained  in  considerable  numbers,  both  at  Dudley  and  Malvern, 
and  may  be  seen  in  Dr.  Grindrod's  collection,  and  in  the  British  Museum  aud 
many  other  places  ;  but  a  Trilobite  with  such  an  array  of  long  dorsal  suines  as 
is  presented  by  this  African  species  is  very  remarkable,  and  for  an  finer  inu- 
rus  quite  unique.  I  have  named  it  after  its  locality  E.  crista-yalli,  which 
is  doubly  appropriate  (see  Quart.  Journ.  Geol.  Soc.  vol.  xxix.  p.  32). 

Among  the  specimens  sent  me  up  by  Mr.  Birtwell  from  Lancashire,  from 
the  Ironstone  of  the  Coal-measures  (so  rich  in  organic  remains),  was  one  not 
referable  to  the  Crustacea. 

On  examination  it  proves  to  bo  a  new  and  very  remarkable  Arachnid, 
referable  to  the  same  genus  as  one  described  by  Mr.  Samuel  Rcudder,  of 
Boston,  U.S.,  from  the  Illinois  Coal-field,  under  the  name  of  Arcliitarbus 
(see  Meek  and  Worthen's  lleport  on  the  Geology  and  Palaeontology  of 
Illinois). 

I  have  named  it  Architarbus  subovalis  (see  Geol.  Mag.  1872,  vol.  ix. 
p.  385,  pi.  9). 

This  is  the  second  British  Arachnid  I  have  lately  obtained  from  the  Iron- 
stone of  the  Coal-measures. 

Tertiary  Crustacea. — Some  time  since  I  described  two  new  forms  of  Crabs  * 
from  the  Lower  Eocene,  Portsmouth,  discovered  by  Messrs.  Meyer  and  Evans 
in  the  excavations  for  the  new  Docks  there.  More  recently  I  have  received 
a  fresh  series,  from  which  I  have  been  enabled  not  only  to  rcfigure  and  to 
fully  describe  the  species  named  by  mo  (on  December  21,  1870)  Rhachio- 
soma  bispino&a,  and  to  show  both  the  upper  and  under  side  of  the  male  and 
female,  but  also  to  record  two  additional  forms,  for  which  I  propose  the  genus 
Litoricola,  naming  them  respectively  L.  glahra  and  L.  dentata.  These  do 
not  belong  (like  Rhachiosoma)  to  the  Portunidoe,  but  to  the  Ocypodidrc,  or 

*  Ehachiosoma  bispinosa  and  E.  echinata  (sec  Quart.  Journ.  Qeol.  Soc.  1871,  vol. 
xxvii.  p.  91,  pi.  4). 
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true  shore-crabs,  their  legs  being  adapted  for  running,  and  their  eyes 
furnished  with  long  peduncles*  (see  Quart.  Journ.  Geol.  Soc.  yol,  xxix. 
p.  28). 

This  scries  of  Crustacea  (though  they  are  exceedingly  brittle  and  delicate) 
are  remarkable  for  the  perfect  state  of  preservation  in  which  they  occur,  so 
that  we  are  able  in  each  case  to  restore  nearly  the  entire  animal.  Of  the 
two  new  ones,  it  is  interesting  to  record  that  they  afford  evidence  of  unmis- 
takable land  conditions,  both  of  them  being  shore- dwellers  and  adapted  for 
running  on  the  old  muddy  and  sandy  beaches  of  the  pre-Eocene  continent. 
The  sections  still,  T  believe,  open  at  Portsmouth  deserve  an  inspection  from 
all  who  arc  interested  in  the  stratigraphical  geology  of  this  series  of  deposits. 

Miocene  Crwtacca. — Having  been  requested  by  l)r.  A.  Leith  Adams,  F.R.S., 
to  examine  and  describe  a  series  of  crustacean  remains  from  the  Miocene  of 
Malta,  collected  by  him  in  that  island,  1  have  done  so,  and  find  them  to  in- 
clude $«7/7fa,  Ifanhia,  Fortunites,  Mala,  Atergatis,  and  perhaps  Neptunus. 
The  ticylla  agrees  specifically  with  the  Scylla  serrata  found  in  the  Indian 
seas  of  to-iUy  and  in  the  Tertiarics  of  the  Philippine  Islands.  This  is  one 
of  the  species  of  fossil  crabs  so  largely  imported  into  China  as  "  Medicine- 
Crabs  ''  (see  Mr.  T).  Hanbury's  papers  read  before  the  Pharmaceutical  Society, 
and  published  in  their  Journal,  February  1802  el  &eq.). 

The  Manilla  is  distinct  from  any  recorded  species,  and  I  have  therefore  to 
propose  for  it  a  specific  name.  1  dedicate  it  to  its  discoverer  (J?.  Adamsi). 

The  occurrence  of  these  Eastern  forms,  with  the  remarkable  Echinoderms 
of  Asiatic  type,  in  Malta,  clearly  indicate  the  former  extension  of  an  Indian 
fauna  as  far  east  as  the  Mediterranean,  if  not  to  our  own  shores. 

Whilst  still  pursuing  the  subject  of  the  structure  of  the  Trilobitcs,  no  new 
facts  have  been  collected  ;  but  much  has  been  clone  in  the  examination  of 
larval  Lhiiuhts,  the  substance  of  which  1  have  summarized  in  a  paper  read 
in  December  last  before  the  Geological  Society  (see  Quart.  Journ.  Geol.  Soc. 
vol  xxviii.  p.  40). 

Dr.  Anton  Dolirn,  without  (as  I  think)  any  very  clear  reason,  proposes  to 
separate  the  XimosriiA  and  the  Enm»TEKiiu,  and  also  the  TRILOBITA,  from 
the  Crustacea,  on  the  ground  that  they  do  not,  so  far  as  we  are  at  present 
aware,  pass  through  a  Nauplms  stage  ;  but  the  young  are  like  the  parents  bave 
in  the  fewer  number  of  their  somites.  He  is,  however,  unprepared  to  say  they 
a  re  Arachnids,  so  that  he  can  only  place  them  in  a  group  intermediate  between 
the  Arachnida  and  Crustacea  (the  (Sigantostraka  of  llnckel).  Against  this 
course  1  have  protested  on  the  grounds  that  if  we  take  away  the  Trilobita  from 
the  pedigree  of  the  Crustacea,  one  of  the  main  arguments  in  favour  of  evolution 
to  be  derhcd  from  this  class,  so  far  from  being  strengthened,  is  destroyed. 
From  what  arc  the  Crustacea  of  to-day  derm  d  ?  Are  we  to  assume  that  they 
aro  all  descended  from  the  Phyllopods  and  Ostracods,  the  only  two  remaining 
orders  whose  life-history  is  conterminous  with  that  of  the  Trilobita  ?  Or  are 
we  to  assume  that  the  Arachnida  are  the  older  class?  "  If,"'  as  Fritz  Miiller 
well  observes,  "  all  the  classes  of  1hc  Arthropoda  (Crustacea,  Insecta,  Myrio- 
poda,  and  Arachnida)  are  indeed  all  branches  of  a  common  stem  (and  of  this 
there  can  scarcely  be  a  doubt), it  is  evident  that  the  v  ater-inhabitiug  and  water- 
breathirig  Crustacea  must  be  regarded  as  the  original  stem  from  which  the 
other  (terrestrial)  classes,  with  their  tracheal  respiration,  have  branched  off." 
(Facts  and  Arguments  for  Darwin,  p.  1 1?0.) 

*  Under  the  nnino  of  Goniocypoda  Edwanhri.  I  described  a  true  Eocene  shore-erab 
from  the.  Red  Marl  of  the  Plastic  Cluy,  lli^h  Clifl',  Hampshire,  in  December  1807  (seo 
Geol.  Mag.  vol.  iv.  p.  5'JO,  pi.  21.  fig.  if. 
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The  accompanying  Table  (p.  326)  is  merely  intended  as  an  attempt  roughly 
to  indicate  (according  to  our  present  knowledge  of  the  earliest  appearance  in 
time  of  the  several  orders  of  Crustacea)  the  most  probable  manner  in  which  the 
various  groups  were  evolved  from  a  common  p  re- Cambrian  parent-stock.  I 
have  specially  distinguished  those  which  are  merely  persistent  types,  but 
incapable  of  modification,  from  those  which  were  capable  both  of  persistence 
and  modification;  and  these  again  fiom  the  inadaptive  types  which  have  died 
out.  The  aberrant  and  highly  specialized  parasitic  types  appear  last  in  timo, 
and  mark  the  culminating  point  of  the  Crustacea  when  conditions  prevailed 
more  highly  favourable  to  tho  class  than  at  any  earlier  period. 


Report  of  the  Committee  appointed  to  organize  an  Expedition  for 
observing  the  Solar  Eclipse  of  Dec.  12,  1871. 

AT  their  Meeting  in  Edinburgh  in  August  last,  the  General  Committee  of  the 
British  Association  for  the  Advancement  of  Science  having  had  under  their 
consideration  the  great  importance  of  observing  the  eclipse  of  12th  of  De- 
cember, 1S71,  authorized  their  President,  Sir  W.  Thomson,  F.ll.S.,  to  bring 
the  matter  to  the  notice  of  the  Treasury,  which  he  did  in  a  letter  dated  9th 
August,  1871,  stating  fully  how  desirable  it  was  in  the  interest  of  science 
that  advantage  should  be  taken  of  this  opportunity  to  advance  solar  physics, 
and  explaining  in  general  terms  the  best  methods  of  carrying  them  out. 

It  was  suggested  in  the  President's  letter  that  Mr.  J.  Norman  Lockyer, 
F.R.S.,  who  had  long  devoted  himself  to  spectroscopic  investigations,  should 
form  a  member  of  the  expedition. 

The  President  was  authorized  by  Sir  E.  Sabine,  K.C.B.,  President  of  the 
Royal  Society,  and  Mr.  Lassell,  President  of  the  Royal  Astronomical  Society, 
to  state  to  the  Treasury  their  cordial  concurrence  in  the  request  of  the 
British  Association. 

A  most  prompt  reply  was  received  to  their  communication,  the  Treasury, 
by  a  letter  dated  IGth  August,  1IS71,  acceding  at  once  to  the  request  of  the 
President,  and  granting  a  sum  not  exceeding  .£2000  for  the  purpose. 

In  the  hope  of  a  favourable  reply  being  received  from  the  Treasury,  the 
General  Committee  had,  by  a  resolution  at  their  last  Meeting  in  Edinburgh, 
authorized  the  General  Officers  to  take  such  steps  as  they  might  deem  advisable 
as  soon  as  possible  after  the  receipt  of  the  Treasury  letter.  The  General 
Officers  held  a  meeting  on  the  22nd  of  August;  and  having  in  tho  first 
instance  requested  Mr.  Norman  Lockyer,  F.R.S..  to  join  them  in  consulta- 
tion, they  resolved  to  appoint  a  Committee  to  direct  all  the  necessary 
arrangements. 

To  this  Committee,  as  originally  constituted,  additional  members  were  from 
time  to  time  added.  It  now  consists  of  the  following  names : — The  President 
and  General  Officers  of  the  Association,  Prof,  J.  C.  Adams,  Sir  G.  B.  Airy 
(Astronomer  Itoyal),  Prof.  Clifton,  Mr.  DC  La  Rue,  Dr.  Frankland,  Mr.  Hind, 
Mr.  Lassell  (President  R.A.S.),  Lord  Lindsay,  Mr.  Lockyer,  General  Sabine, 
General  Strachey,  Colonel  Strange,  and  Prof.  Stokes. 

The  Treasury  having  been  good  enough  to  address  the  Admiralty  and  the 
War  Office  requesting  their  cooperation,  the  Committee  entered  into  com- 
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munication  with  these  departments  and  with  the  Colonial  and  Indian  Officers, 
and  have  much  pleasure  in  stating  that  they  have  had  the  most  liberal  and 
hearty  assistance  from  all  the  departments  of  Government. 

The  first  duty  of  the  Committee  was  to  arrange  for  the  dispatch  of  instru- 
ments and  instructions  to  Australia,  which  it  was  necessary  to  do  by  the  mail 
of  the  2nd  of  October. 

By  Mr.  Lockyer's  exertions,  and  the  kindness  of  Mr.  Hug-gins  in  making 
over  a  camera  of  Mr.  Dallrneyer's,  which  the  Committee  undertook  to  replace 
•within  a  month,  these  instruments  were  all  sent  oil'  in  good  time,  and  reached 
Melbourne  with  little  or  no  damage. 

The  unfortunate  result  of  the  expedition  to  Australia,  from  bad  weather, 
is  well  known  and  deeply  regretted,  and  need  only  be  briefly  mentioned. 

The  Committee  now  turned  their  attention  to  the  selection  of  the  places 
best  adapted  to  observation  in  India.  Very  careful  inquiries  were  made  from 
every  available  source  as  to  the  nature  of  the  climate  in  different  parts  of 
India  on  the  12th  of  December,  and  in  these  the  Committee  received  most 
valuable  assistance  from  General  Strachey. 

The  season  was  about  the  middle  of  the  north-east  monsoon,  making  it 
probable  that  there  would  be  fine  weather  on  the  west  coast  of  the  peninsula, 
but  that  the  weather  on  the  east  coast  and  in  Ceylon  could  not  be  depended 
upon,  the  rainy  season  breaking  up  in  December,  but  sometimes  early  in  the 
month,  but  at  other  times  not  till  nearly  or  quite  the  end. 

It  was  originally  intended  to  fix  the  number  of  observers  at  five ;  but  on 
further  consideration  it  appeared  to  the  Committee  that,  because  of  this  un- 
certainty of  weather,  it  was  desirable  to  divide  the  expedition  into  as  many 
parties  as  possible;  with  the  very  important  assistance  mentioned  in  the 
next  paragraphs,  they  were  of  opinion  that  it  would  bo  feasible,  by  menus  of 
the  Treasury  grant,  to  purchase  the  necessary  instruments  and  to  provide 
passage -money  for  ten  observers. 

The  Peninsular  and  Oriental  Company,  at  the  request  of  the  Committee, 
made  the  most  liberal  arrangements  for  freight  and  passage  to  and  from  Point 
de  Galle,  and  the  Admiralty  at  once  communicated  by  telegraph  with  Admiral 
Cockburn,  at  Trincomalee,  receiving  an  immediate  reply,  stating  the  frigate 
6  Glasgow  J  would  be  at  Galle  on  the  2f>th  of  November  in  readiness  to  trans- 
port the  party  to  the  place  of  observation  and  bring  them  back  again. 

The  Governor  of  Ceylon,  in  the  same  liberal  manner,  not  only  placed  the 
steamer  'Sercndib'  at  the  disposal  of  the  expedition,  but  undertook  to  give 
all  possible  assistance  in  officers  and  material  which  might  be  needed. 

After  making  these  arrangements,  the  Committee  appointed  Mr.  Lockyer 
chief  of  the  expedition,  and  Dr.  T.  Thomson  Necretnry  and  Treasurer. 

The  selection  of  observers  was  necessarily  difficult.  To  many  highly  qua- 
lified physicists  the  length  of  the  voyage  wan  on  insuperable  obstacle;  but 
Mr.  Lockyer  was  able  to  submit  to  the  Committee  the  following  names: — 

1.  Rev.  E.  Abbay,  Wadlmin  College,  Oxford  ;  2.  H.  Davis,  Esq. ;  3.  11.  J. 
Friswcll,  Esq.;  4.  Henry  Holiday,  Esq.;  f>.  W.  Lewis,  Esq.;  0.  Captain 
Maclear,  E.K.;  7.  H.  N.  Moseley,  Esq.;  8.  Captain  Tuprnan,  K.M.A.— all 
gentlemen  devoted  to  and  well  skilled  in  solar  physics. 

To  the  chief  of  the  expedition  and  to  these  gentlemen  the  Committee  have 
great  pleasure  in  giving  their  most  cordial  thanks  for  the  zeal  which  led  them 
to  undertake  a  long  voyage  with  the  sole  object  of  the  advancement  of  science, 
'and  in  expressing  their  great  satisfaction  with  the  way  in  which  the  expe- 
dition was  carried  out. 

Mr.  Davis,  the  accomplished  photographer  of  Lord  Lindsay,  undertook  the 
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department  of  Photography ;  and  tho  Committee  have  to  express  their  sense  of 
the  generous  assistance  afforded  them  by  that  nobleman  in  supplying  all  the 
necessary  photographic  apparatus. 

Mr.  Holiday,  a  skilful  artist,  who  had  long  been  a  student  of  physical 
science,  undertook  to  sketcli  the  phenomena  of  the  eclipse. 

To  the  other  gentlemen  tho  spectroscopic  and  polariscopic  observations  were 
allotted  under  the  direction  of  Mr.  Lockycr. 

Before  leaving  England  Mr.  Lockycr  telegraphed  and  wrote  to  Bignor 
Respjghi,  a  very  eminent  Italian  astronomer,  requesting  him  to  join  the 
party,  which,  by  tho  liberality  of  the  Italian  Government,  he  was  able  to  do, 
joining  at  Suez,  and  rendering  most  valuable  assistance. 

Mr.  Lockycr  tried  further  to  obtain  the  assistance  of  several  very  distin- 
guished foreign  0 observers.  He  communicated  with  Mr.  Young,  M.  Janssen, 
M.  Xollner,  M.  Angstrom,  Prof.  Schmidt,  arid  Mr.  Peise;  but  from  various 
causes  none  of  these  gentlemen  could  join  the  party. 

The  expedition  embarked  at  Southampton  on  tho  steamer  'Mirzapore,' 
receiving  ^arly  attention  and  assistance  from  Captain  Paris,  H.N.R.,  and  the 
officers  of  that  ship,  which  was  selected  on  account  of  its  passing  through  the 
Suez  Canal,  so  that  all  risk  of  injury  to  the  instruments  was  avoided.  The 
party  reached  Galle  on  the  27th  of  November,  fifteen  days  before  the  day  of 
the  eclipse. 

Subject  to  any  alteration  which  might  become  needful  on  the  receipt  of 
more  complete  information  in  Ceylon,  Mr.  Lockycr  had  made  the  following 
arrangements  of  stations  and  observers: — 

Ceylon.     Trincomaloc  :  Mr.  Most-ley. 

Jaffna:  Mr.  Lewis,  Captain  Tupman,  R.M.A. 

India.       Poodoocntta,  near  Trichinopoly :  Signor  Hespighi,  Mr.  Holiday. 
Manual oddy,  in  Wynaad:  Kcv.  Mr.  Abbay,  Mr.  Friswell. 
Baikul,  in  Canara:   Mr.  Lockycr,  Mr.  Davis,  Captain  Maelear, 
Dr.  Thomson. 

The  Ceylon  party  embarked  at  once  on  the  '  Serendib,'  where  they  were 
received  by  Captain  Fycrs,  H.E.,  the  Surveyor-General  of  Ceylon,  and  Captain 
Hogg,  K.E.,  who  had  been  requested  by  the  Ceylon  Government  to  assist  the 
expedition,  and  both  of  whom  furnished  very  valuable  reports. 

The  other  paitics  embarked  on  board  the  frigate  *  Glasgow/  whence  the 
Poodoocotta  party  was  landed  at  Beypore,  the  Wynaad  party  at  Cannanore, 
and  the  Canara  party  at  Baikul. 

The  Committee  arc  happy  to  state  that  the  weather  was  favourable,  and 
the  observations  successful  ut  all  the  stations  but  one.  At  Manual oddy,  in 
Wyiiaad,  the  sun  was  obscured,  and  the  regret  with  which  the  Committee 
learned  the  bad  luck  of  "Messrs.  Abhny  and  Friswell  was  enhanced  by  their 
knowledge  that  the  land  journey  of  these  observers  was  one  of  great  hardship 
and  futiguc. 

The  Committee  arc  most  anxious  to  take  this  opportunity  of  stating  that 
the  expedition  received  every  possible  assistance  from  the  Viceroy  and 
Governor-General,  the  late  Lord  Mayo,  from  the  Governor  of  Madras,  Lord 
Napier,  and  from  tho  Governor  of  Ceylon,  Sir  Hercules  Robinson,  «nd  from 
all  tho  officials  of  both  the  Indian  and  Colonial  Governments  with  whom 
they  came  in  contact. 

They  have  further  to  report  that  the  frigate  *  Glasgow*  not  having  been 
able,  owing  to  its  services  being  urgently  required  elsewhere,  to  bring  the 
parties  buck  to  Galle  and  Bombay,  the  Government  of  Madras  was  good 
enough  to  assist  the  expedition,  \\hich  would  otherwise  have  been  in  difft- 
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culties  as  to  travelling  expenses  from  the  places  of  observation  to  Galle  or 
Bombay,  by  a  liberal  grant  of  ,£100, 

In  conclusion  the  Committee  have  much  pleasure  in  laying  before  Section  A 
an  interim  report  by  Mr.  Lockyer  on  the  results  of  the  expedition,  to  be  fol- 
lowed as  soon  as  possible  by  the  full  report,  which  the  Koyal  Astronomical 
Society  have  undertaken  to  publish. 

An  Interim  Report  on  tlie  Results  obtained  by  tlie  British-  Association  Eclipse 
Expedition  0/1871.     By  J.  NORMAN  LOCKYER,  F.R.S. 


I.  NEW  INSTRUMENTS. 
These  were  as  follows  :  — 

1.  A  train  of  five  prisms  to  view  the  corona. 

2.  A  large  prism  of  small  angle  placed  before  the  object-glass  of  a  telescope. 
On  these  instruments  I  may  remark  that  the  lloyal  Astronomical  Society, 

in  the  first  instance,  invited  me  to  take  charge  of  an  Expedition  to  India 
merely  to  conduct  speetroscopie  observations  ;  but  although  this  request  did 
me  infinite  honour,  I  declined  it,  because  the  spectroscope  alone,  as  it  had 
been  used  before,  was,  in  my  opinion,  not  competent  to  deal  with  all  the 
questions  now  under  discussion.  Thus  some  of  the  most  eminent  American 
observers  had  come  to  the  conclusion  that  the  spectrum  of  hydrogen  observed 
in  the  last  eclipse  round  the  sun,  to  a  height  of  8',  was  a  spectrum  of  hydrogen 
"far  above  any  possible  hydrogen"  at  the  sun.  Hence  it  was  in  some  way 
reflected.  Now  with  our  ordinary  spectroscopic  methods  it  was  extremely 
difficult,  and  one  might  say  impossible,  to  determine  whether  the  light  which 
the  spectroscope  analyzed  was  really  reflected  or  not  ;  and  that  was  the  whole 
question. 

It  became  necessary,  therefore,  in  order  to  give  any  approach  to  hopeful- 
ness, to  proceed  in  a  somewhat  different  way  in  the  1871  expedition,  with 
regard  to  the  spectroscope,  and,  to  guard  against  failure,  to  supplement  such 
observations  with  photographs. 

To  understand  the  method  adopted,  let  us  suppose  a  train  of  prisms.  Take 
one  prism  out  of  the  train,  and  consider  what  will  happen  if  we  illuminate  a 
slit  with  a  monochromatic  light  and  observe  it  through  the  prism.  If  we 
render  sodium  vapour  incandescent  and  illuminate  the  slit  by  means  of  it,  we 
get  a  bright  yellow  image  of  the  slit,  due  to  the  vapour  of  the  metallic  sodium 
only  giving  us  yellow  light.  But  why  is  it  that  we  get  a  line  ?  Because  we 
employ  a  line  slit.  If,  instead  of  a  straight  line,  we  have  a  crooked  lino  for 
the  slit,  then  we  see  a  crooked  line  through  the  prism.  Going  one  step 
further:  suppose  that  instead  of  a  line,  whether  straight  or  crooked,  we  have 
a  slit  in  the  shape  of  a  ring,  we  see  a  ring  image  through  the  prism.  And 
then  comes  this  point  :  if,  when  we  work  in  the  laboratory,  we  examine  these 
various  slits,  illuminated  by  these  various  vapours,  if  we  observe  the  corona 
in  the  same  way,  we  shall  get  a  ring  built  up  by  each  ray  of  light  which  the 
corona  gives  to  us,  since  we  know,  from  the  American  observations,  that 
there  were  bright  lines  in  the  spectrum  of  the  corona  as  observed  by  a  line 
slit  ;  in  other  words,  the  corona  examined  by  means  of  a  long  train  of  prisms 
should  give  us  an  image  of  itself  painted  by  each  ray  which  the  corona  is 
competent  to  radiate  towards  us*. 

These  were  the  considerations  which  led  to  the  adoption  of  this  new  attempt 
to  investigate  the  nature  .of  the  corona  now  in  question.  It  was,  to  use  a 

*  After  I  had  thought  of  this  arrangement,  and  had  secured  an  instrument  to  carry  it  out, 
Prof.  Young,  in  a  communication  to  '  Nature,'  suggested  the  same  method  of  observation. 
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train  of  prisms,  pure  and  simple,  using  the  corona  as  the  slit,  a  large  number 
of  prisms  being  necessary  to  separate  the  various  rings  wo  hoped  to  see,  by 
reason  of  their  strong  dispersion. 

This  principle,  good  for  a  train  of  prisms  such  as  I  have  referred  to,  is 
good  also  for  a  single  prism  in  front  of  the  object-glass  of  a  telescope.  Such 
•was  the  method  adopted  by  Prof.  Respighi,  the  distinguished  Director  of  the 
Observatory  of  the  Capitol  of  Rome,  who  accompanied  the  expedition. 

This  method,  if  it  succeeded,  would  bo  superior  to  the  ordinary  one  in  this 
way.  If  we  were  dealing  merely  with  scattered  light,  then  all  the  rings 
formed  by  vapours  of  equal  brilliancy  at  the  base  of  the  chromosphere  would 
be  of  the  same  height ;  while  if  such  scattering  were  not  at  work,  the  rings 
would  vary  according  to  the  actual  height  of  the  vapours  in  the  sun's 
atmosphere. 

ii.   Integrating  spectroscopes  (JriMit  by  clock  wo  ?1\ 

4.  A  self- registering  integrating  spectroscope,  furnished  with  telescopes 
and  collimators  of  Large  aperture  and  large  prisms.  (This  instrument  was 
lent  by  Lord  Lindsay.) 

•3.  A  polariscope-teli -scope  so  arranged  that  the  same  observer  could  almost 
simultaneously  observe  hoth  with  the  Savart  and  the  Hiqiiart/. 

(i.  A  polaviscope-telescope  arranged  for  rapid  sweeping  round  the  corona 
at  a  given  distance  from  moon's  liinb. 

II.  Tin:  MAIN  Ilusu/rs. 
Sltcctfoscojti?  Obst  *T(ff  tons. 

It  has  been  established  that  the  idea  that  we  do  not  got  hydrogen  above 
10"  above  the  sun  is  eironeous,  for  we  obtained  evidence  that  hydrogen  exists 
to  a  height  of  S'  or  10'  at  least  above  the  sun. 

Just  as  the  sun  disappeared  Prof.  Kospighi  employed  the  instrument  to 
which  I  have  already  referred  to  determine  the  materials  of  which  the  pro- 
minences which  were  then  being  eclipsed  were  composed ;  and  he  got  the 
prominences  shaped  out  in  red,  yellow,  and  in  violet  light,  a  background  of 
impure  spectrum  rilling  the  tield ;  and  then  as  the  moon  swept  over  those 
prominences  they  became  invisible,  lie  saw  the  impure  spectrum  and  tho 
yellow  and  violet  rings  gradually  die  out,  and  then  three  broad  rings,  painted 
in  red.  green,  and  blue,  gradually  form  in  tho  field  of  view  of  his  instrument ; 
and  as  long  as  the  more  brilliant  prominences  on  both  sides  of  the  sun  were 
invisible  he  saw  these  magnificent  rings. 

These  rings  were  formed  by  C  and  F,  which  show  us  that  hydrogen 
extends  at  least  7'  high  ;  lor  had  wo  been  dealing  with  mere  glare,  Imd  we 
not  been  <(t'(tliny  irith  hytlnti/en  itself,  we  shouhl  7w»v  </ot  a  ytUow  rin<j  as  wcIL 
In  addition  to  the  red  ring  and  the  blue  and  violet,  which  indicate  the 
spectrum  of  hydrogen,  ho  saw  a  bright  green  ring,  much  more  brilliant  than 
tho  others  due  to  147-1. 

While  Prof,  liespighi  was  observing  these  rings  by  means  of  a  single  prism 
and  a  telescope  of  some  4  inches  aperture,  some  300  miles  away  from  him 
(he  was  at  Poodocottah  and  I  was  at  Hekul)  I  had  arranged  the  train  of  five 
prisms.  My  observation  was  made  intermediately,  as  it  were,  between 
the  two  observations  of  Prof,  llcspighi's.  The  observations  may  be  thus 
compared : — 

llespighi  ..CD3  F  G  .  .  .  .  Prominence  at  beginning  of  eclipse. 

Lockyer   . .  C       1474  FG  ....  Corona  80"  after  beginning  of  totality. 

llespighi  . .  C       1474  F      ....  Corona  mid  eclipse. 
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I  had  no  object-glass  to  collect  light,  hut  I  had  more  prisms  to  disperse  it, 
so  that  with  me  the  rings  were  not  so  high  as  those  observed  by  Ilespighi, 
because  I  had  not  so  much  light  to  work  with  ;  but,  such  as  they  were,  I  saw 
them  better,  because  the  continuous  spectrum  was  more  dispersed,  and  the 
rings  (tho  images  of  the  corona)  therefore  did  not  overlap.  Hence  doubt- 
less Bespighi  missed  the  violet  ring  which  I  saw ;  but  both  that  and  1474 
were  very  dim,  while  C  shot. out  with  marvellous  brilliancy,  and  B3  was 
absent. 

These  observations  thus  tend  to  show,  therefore,  that  instead  of  the  element 
the  line  of  which  corresponds  with  1474  existing  alone  just  above  the  pro- 
minences, the  hydrogen  accompanies  it  to  what  may  bo  termed  a  great  height 
above  the  more  intensely  heated  lower  levels  of  the  chromosphere,  including 
the  prominences,  in  which  the  lower  vapours  arc  thrown  to  a  greater  height. 
With  a  spectroscope  of  small  dispersion  attached  to  the  largest  mirror  of 
smallest  focus  which  I  could  obtain  in  England,  the  gaseous  nature  of  the 
spectrum,  as  indicated  by  its  structure  (that  is,  bands  of  light  and  darker 
intervals  as  distinguished  from  a  continuous  spectrum  properly  so  called),  was 
also  rendered  evident. 

Photographs  and  Structure  of  Corona. 

The  photographic  operations  (part  of  the  expense  of  which  was  borne  by 
Lord  Lindsay)  were  most  satisfactory,  and  the  solar  corona  was  photographed 
to  a  greater  height  than  it  was  observed  by  the  spectroscope,  and  with  details 
which  were  not  observed  in  the  spectroscope.  Mr.  Davis  was  foi lunate 
enough  to  obtain  five  photographs  of  great  perfection  at  Uekul,  and  Captain 
Hogg  obtained  some  at  Jaffna  ;  but  the  latter  lack  in  detail.  Tho  solar  nature 
of  most,  if  not  all,  of  the  corona  recorded  on  tho  plates  is  established  by  the 
fact  that  the  plates,  taken  in  different  places,  and  both  at  the  beginning  and 
end  of  totality,  closely  resemble  each  other;  and  much  of  the  exterior 
detailed  structure  is  a  continuation  of  that  observed  in  the  inner  portion, 
independently  determined  by  the  spectroscope  to  belong  to  the  sun. 

This  structure  I  was  also  enabled  to  observe  in  my  0 }  -inch  rquatorial,  even 
three  minutes  after  totality  was  over  ;  and  we  may  now  say  that  we  know  all 
about  tho  corona,  so  far  as  the  structure  of  its  lower  brighter  levels  (that 
portion,  namely,  which  time  out  of  mind  has  been  observed  both  before  and 
after  totality)  is  concerned.  It  may  be  defined  as  consisting  of  cool  promi- 
nences— that  is  to  say,  in  this  region  of  the  corona  we  will  find  the  same 
appearances  as  in  prominences,  minus  the  brightness.  We  find  the  delicate 
thread-like  filaments  which  all  are  now  so  familiar  with  in  prominences ; 
the  cloudy  light  masses,  the  mottling,  the  nebulous  structure,  all  are  abso- 
lutely produced  in  the  corona  ;  and  1  may  add  that  the  fainter  portion  of  the 
ring,  some  5'  round  the  sun,  reminded  me  forcibly  in  parts  of  the  nebula  of 
Orion  and  that  surrounding  rj  Argus,  as  depicted  by  Sir  John  Herschcl  in  his 
Cape  observations. 

While  both  in  the  prism  and  the  fi,}-inch  equatorial  the  corona  scorned  to 
form  pretty  regular  rings  round  the  dark  moon,  of  different  heights,  according 
to  the  amount  of  light  utilized  by  the  instrument,  on  the  photographic 
plates  the  corona  (which,  as  T  have  before  stated,  exceeds  the  limits  actually 
seen  in  the  instrument  I  have  named)  lias  very  irregular  (njnorcd  />//  //„> 
spectroscope),  somewhat  stellate  poles — a  fact  perhaps  connected  with'  the 
other  fact,  that  the  most  active  and  most  brilliant  prominences  rarely  occur 
there. 
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Sketches. 

From  tho  photographs,  in  which  the  corona  is  depicted  actinically,  we  pass 
to  the  drawings,  in  which  it  is  depicted  visually.  I  would  first  call  attention 
to  two  drawings  made  by  Mr.  Holiday,  who  formed  part  of  the  expedition, 
and  in  whose  eye  every  one  who  knows  him  will  have  every  confidence. 

First,  there  is  a  drawing  made  at  the  commencement  of  the  totality,  and 
then  a  drawing  made  at  the  end.  There  is  a  wonderful  difference  between 
these  drawings ;  the  corona  is  in  them  much  more  extensive  than  it  is  repre- 
sented actinically  on  our  plates. 

In  another  drawing,  made  by  Captain  Tupman,  we  have  something  abso- 
lutely different  from  tne  photographs  and  from  Mr.  Holiday's  sketches,  inas- 
much as  wo  get  an  infinite  number  of  dark  lines  and  a  greater  extension 
than  in  the  photographs,  though  in  the  main  the  shape  of  the  actinic  corona 
is  shown. 

The  corona,  as  it  appeared  to  me,  wa^  nothing  but  an  assemblage  of  such 
bright  and  dark  lines ;  it  lacked  all  the  structure  of  the  photographs,  and 
appeared  Larger;  and  L  have  asked  myself  whether  these  lines  do  not  in' some 
way  depend  on  the  size  of  the  telescope  or  the  absence  of  a  telescope.  It 
seems  a»  if  observations  of  tho  corona  with  the  naked  eye,  or  with  a  telescope 
of  small  power,  may  give  us  such  lines  ;  but  that  when  we  use  a  telescope  of 
large  power  it  will  give,  close  to  the  moon,  the  structure  to  which  I  have 
referred,  and  abolish  the  exterior  structure  altogether,  leaving  a  ring  round 
the  dark  body  of  the  moon,  such  as  Prof,  liospighi  and  myself  saw  in  our 
trains  of  prisms,  and  1  in  the  (»J-inc.h  telescope,  in  which  the  light  was  reduced 
by  high  magnification  so  a>*  to  bring  the  corona  to  a  definite  ring  some  5' 
high,  while  lYof.  Rospighi,  using  a  4-im-h  telescope,  brought  the  corona  down 
to  a  ring  something  like  7'  high. 

Many  instances  of  changing  rays,  like  those  seen  by  Plantamour  in  iSfiO, 
were  recorded  by  observers  in  whom  I  have  every  confidence,  one  observer 
noting  that  the  rays  revolved  and  disappeared  over  the  rifts. 

Puhtri$CQ]_ > ic  Oks(  rvat w  n a. 

Mr.  Lewis,  in  swooping  round  the  corona  at  a  distance  of  some  (V  or  7'  from 
the  sun's  limb,  using  a  pair  of  compensating  quart/,  wedges  as  an  analyzer, 
which  remained  parallel  to  itself  when  tho  telescope  swopt  round,  observed 
the  bands  gradually  to  change  in  intensity,  then  disappear,  bands  of  a  com- 
plementary character  afterwards  appearing,  thereby  indicating  radial  polari- 
zation. 

Dr.  Thomson,  at  Bekul,  saw  strong  traces  of  atmospheric,  but  none  of 
radial  polarization,  with  a  Savart.  With  the  same  class  of  instrument  the 
result  obtained  by  myself  was  precisely  similar ;  while  on  turning  in  the 
Biquartz,  at  the  top  and  bottom  of  the  image  of  the  corona,  /.  <'.  near  tho 
sun's  equator,  faint  traces  of  radial  polarization  were  perceptible  for  a  short 
distance  from  the  moon's  limb.  Captain  Tupman,  who  observed  with  the 
polariscope  after  totality,  announces  strong  radial  polarization  extending  to  a 
very  considerable  distance  from  the  dark  moon. 

llevtr&fil  of  Lines  at  beyinniny  awl  end  of  Tokdity. 

Captain  Muelear,  who  was  observing  with  me  at  Bekul  for  some  time  just 
before  the  commencement  of  totality,  but  when  the  light  of  our  atmosphere 
was  cut  off  by  the  interposition  of  the  dark  moon,  saw  a  large  number  of  very 
fine  lines  of  different  heights  at  the  base  of  the  chromosphere. 
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Mr.  Pringle,  also  at  Bekul,  saw  many  lines  flash  into  the  field  of  an 
analyzing  spectroscope,  carried  by  clockwork,  at  the  end  of  totality. 

Captain  Fyers,  the  Surveyor- General  of  Ceylon,  observing  with  an  inte- 
grating spectroscope,  saw  something  like  a  reversal  of  all  the  lines  at  the 
beginning,  but  nothing  of  the  kind  at  the  end. 

Mr.  Fergusson,  observing  with  an  instrument  of  the  same  kind,  saw  reversal 
neither  at  the  beginning  nor  the  end,  though  during  totality  he  saw  more  lines 
than  Captain  Fyers. 

Mr.  Moseley  states  that  at  the  beginning  of  the  eclipse  he  did  not  see  this 
reversal  of  lines.  Whether  it  was  visible  at  the  end  he  could  not  tell,  because 
at  the  close  the  slit  had  travelled  off  the  edge  of  the  moon. 

Prof.  Eespighi,  using  no  slit  whatever,  and  being  under  the  best  conditions 
for  seeing  the  reversal  of  the  lines,  certainly  did  not  sec  it  at  the  beginning ; 
but  he  considers  he  saw  it  at  the  end,  though  about  this  he  is  doubtful. 

From  the  foregoing  general  statement  of  the  observations  made  on  the 
eclipse  of  last  year,  it  will  be  seen  that  knowledge  has  been  very  greatly 
advanced,  and  that  most  important  data  have  been  obtained  to  aid  in  the 
discussion  of  former  observations.  Further,  many  of  the  questions  raised  by 
the  recent  observations  make  it  imperatively  necessary  that  future  eclipses 
should  be  carefully  observed,  as  periodic  changes  in  the  corona  may  then 
possibly  be  found  to  occur.  In  these  observations  the  instruments  above 
described  should  be  considered  normal,  and  they  should  be  added  to  as  much 
as  possible. 


Preliminary  Report  of  a  Committee,  consisting  of  Professor  MICHAEL 
FOSTER,  F.R.S.,  Professor  W.  H.  FLOWER,  F.R.S.,  and  BENJAMIN 
LOWNE,  M.R.C.S.,  appointed  for  the  purpose  of  making  Terato- 
embryological  Inquiries. 

MK.  LOWNE  reported  on  two  forms  of  Incubators.  He  thought  from  his 
experiments  that  to  insure  success  the  heat  must  bo  applied  above  the  egg, 
and  that  the  death  of  all  those  which  he  placed  in  an  incubator  heated  beneath 
was  due  to  convection. 

Death  took  place  in  all  these  cases  from  rupture  of  the  yelk-vessels  between 
the  third  and  tenth  day. 

Other  deficiencies  were  observed  in  many  embryos;  but  owing  to  the  im- 
perfect condition  of  the  incubators  in  use,  Mr.  Lownc  was  not  sufficiently 
satisfied  as  to  their  nature. 

Mr.  Lowne  believed  he  had  adopted  a  plan  of  incubator,  in  which  the 
temperature  is  regulated  by  an  air-thermometer  and  the  heat  is  applied  above, 
which  would  enable  him  to  arrive  at  satisfactory  results  iu  the  course  of 
next  year. 


ON  ELLIPTIC  AND  HYPEKELLIPTIC  FUNCTIONS.  335 


Report  on  Recent  Progress  in  Elliptic  and  Hyperelliptic  Functions. 
By  W.  H.  L.  RUSSBLL,  F.R.S. 

WE  now  enter  on  the  consideration  of  the  Hyperelliptic  Functions.  I  propose 
to  divide  the  subject  into  four  parts,  thus  :  — 

Part  I.  On  the  System  of  Hyperelliptic  Differential  Equations  adopted  hy 
Dr.  Weierstrass. 

Part  II.  On  the  System  of  Hyperelliptic  Differential  Equations  adopted  by 
Jacobi,  Gb'pel,  and  llosenhain. 

Part  III.  On  the  Transformation  of  Hyperelliptic  Functions. 

I  hope  to  add 

Part  IV.  On  certain  Theorems  not  involving  the  Periods  of  the  Functions, 
with  a  Supplement  to  the  Report. 


PART  I.  On  the  System  of  llypcrelUptic  Differential  Equations  adopted  by 
Dr.  Weierstrass. 

We  now  proceed  to  explain  the  discoveries  of  Dr.  Weierstrass.  It  will  bo 
seen  that  the  form  of  his  hypcrelliptie  differential  equations  is  different  from 
that  assumed  by  Jacobi,  Gopel,  and  Roscnhain.  The  object  of  Weierstrass  is  to 
solve  these  equations  ;  and  the  advantage  of  his  method  will  be  seen  when 
we  consider  that  he  solves  the  hypcrelliptie  equations  generally,  and  not  for 
a  particular  case,  which  is  all  that  Gopel  and  Rosenhain  had  previously 
effected.  Weierstrass  assumes  as  follows  (Crcllc,  47)  :  — 

«  =  f'PW       J*        ,f*'P(.r)     _J*_,  ,fn      !(•'!      _f7 

1  J  tt*-*t  •  2vn(y)  +J  aj*-«;  •  -vivo  +  •  •  •  •  \j  ,fa_l*-«.  '  ^i 

pr(.r)          dx 
'    J  g*-a,  '  2?1T(I) 


*       P(£)     _ 
' 


&c.=ic. 


=  p    I'  _.         ,. 

'  J  a*-  '  "  " 


_ 
ai*-«»_V2?K(*r    ^.r-^^'S 

where 


and  lot  Q(.>-)=(.tf-"o)(.'--"2).  •  •  -(.^-"o,,), 

golliat  i:(.r)=l'(,.-).Q(.i-). 

If  L(.r)  =  (*-*,)  (.v-^)....(a--.r,,), 

we  define 


where  d  is  the  greatest  number  contained  in  ia  ; 
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also  al(u^  .  .  .  .  un)a>  ft  = 


{VtlT-?  ) 
K-^K-i^K) 

whore  the  upper  or  lower  sign  is  to  be  taken  according  as  a  is  less  or  greater 
than  />,  and  where  2  refers  to  vt  and  v=l,  2,  3.  .  .  .??. 

vi*          «   r°     po>^ 

Now  let  If  =1     o?  ---       \    /s  ^    ; 

"    J«a2('r™^~i)^l%) 

tIlCU  012  2, 

K^-K^+K^...^^^, 
for  y  =  l,  2,  3.  .  .  .w.     (Sec  Jacobi,  Crello,  13.) 
Moreover,  let 


then  also  we  find 


then  the  following  four  fundamental  formulae  hold  good,  where  wo  make  use 
of  the  symbol  fl/x  to  denote  zero  when  a  is  less  than  fl,  and  unity  when  a  is 
greater  than  fl  :  — 


a) 


.    (2) 
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We  shall  now  indicate  the  method  by  which  these  formula)  are  to  he 
proved  ;  it  will  he  sufficient  if  wo  put  n=3,  which  will  guide  at  once  to  the 
investigation  for  (n)  greater  than  3.  Let 


(*-<)(a^-<)(*~<)(*-<')(*-^ 

and  put  in  this  equation 

<'=«0,  <'=tfa,  a?",=«4, 
which  also  necessitates 

jp=er0,  ?=aa,  r=«4, 
and  the  equation  becomes 

(.*-flJ(#-rtJ(tf-<O(A'-«oX^^^ 

^(x—x'^x—x'^x—sf^x—x^x—x^x  —  x^  ......     (4) 

Putting  in  this  equation  successively  #=a\,  #=#a,  #3  =  ,ra,  we  have 


whence 


_l_  j.  jiria ___.  ^Vr2 


Substitute  these  values  in  equation  (4),  and  we  have,  putting  at  the 
same  time  x  =*«1, 

V  {(«!  -#',)(«!  -O(«,  ~^a) 


1872.  2  A 
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v1fo^(fl1-^)(aI-<)  .    V^    (^-^)K-^a)l 
#a  -  «*  '  fa  ~  #a)  to  ~  #a)       *9  -  <**  '  to  ~  *.)to  -  #,)  J  ' 


Hence  also 


~^)K-<JK-<)H±^<^^ 


______     _______  , 

/  /v.  ^f\/^          .r,    \T  '  ~. 


to  -  «e)to  -  «i)L>\        to  -  «e  )  to  -  «i  )L''r 


It  only  remains  to  determine  the  value  of 

Eor  this  purpose,  let  u'^  te'2,  i*'3  be  what  w1?  u^  u3  become  when  we  sub- 
stitute A-'J,  a?'a,  o?'3  for  ^7j,  ^,  ,r3. 

Hence  we  have  from  Abel's  theorem,  applied  to  equation  (3),  (F  =  il)f 


•f'  ~r  J,' 

«/    flj    *  1  *  *^    <?.,  *  '  +•'    ttfi  1      '"' 

e  I     ~_Lr_ .  ___L__4_ 


/*     I      p  v«  C?1T  4     *  '^      P 1*  C/"l? 

71       ^ ^     Jiv''  It,v       H  i       x ct    2  V^  It  v 

J  al  i  ^'  a,  v         i  ^  „. 

6 
=  0.     From  this  it  follows  that  1^  =  1^  +  ^^,  and  therefore 


fix 


Now  fl?(w',  .  .  .  .  )j  differs  only  by  a  constant  factor  from 


hence,  comparing  (5)  and  (6),  we  perceive  the  truth  of  (4),  where  a  —  1  and 
/3  =  6.  It  is  easy  from  this  to  see  that  (2)  must  be  generally  true,  when 

ft  0 

wo  give  K}  the  positive  sign.  If  we  give  K1  the  negative  sign,  we  must 
change  the  signs  of  e;,  e5,  ec,  &c.  in  the  equation  derived  from  Abel's  theorem  ; 
but  this  may  also  be  effected  by  changing  the  sign  of  v^K(o?)  in  the  second 
lino  of  that  equation,  and  therefore  the  signs  of  v'R^,  Vl{#2,  Vli.r  in  (5)  ; 

ft  ft 

hence  al  (t^-f-Kj  .  .  .),  «7(w1—  K,)  are  equal,  but  have  opposite  signs.  But 
now  put  in  equation  (3) 

x'\  =  a^  #"a=tf4,  d't  —  av 
then 


hence,  putting  x=a0,  we  see  that 


-  -r  .  )(cr,  -  - 
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is  constant,  or 


is  constant,  applying  Abel's  theorem  as  before.    Hence  we  see  the  truth  of 
equation  (1). 
Section  2.  —  Hence  it  easily  follows  that 


the  last  formula  of  course  holding  good  when  ft  and  a  are  unequal. 
Eonce,  if 


and 

P 

where  /<0,  ^  .  .  .  .  are  any  whole  numbers,  then 

„/(«,  +  2K,....)a=  (-ir' 
Also  let 

K'r..=K,.i+Kr,a+-  ••• 

and 


where  ?nt,  w2.  .  ..m'p  w'2  are  any  whole  numbers;  then  we  find  the  two 
following  formulae  : 


where,  when  a=0},  m0  must  be  taken  as  zero,  and 


in  which  formula,  when  a=2n,  the  multiplier  of  alfa )2n  is  to  be  taken 

as  unity. 
Section  3. — Let 


wr 


v    ;  i  vKtf  r-     r* 

«.,  M,  ----  «  )  = 
'     J          B/ 


which  last  formula  may  be  written  thus  : 
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In  this  expression  the  value  (c)  is  excluded  from  those  we  successively  give 
to  v. 

To  prove  this  last  formula  I  refer  the  reader  to  a  formula  proved  by 
Weierstrass  at  the  end  of  the  first  chapter  of  his  memoir  in  the  52nd  volume 
of  Crelle's  Journal.  Making  use  of  a  formula  which  will  be  found  at  p.  312 
of  the  same  volume,  he  gives 

Qcca   al\ul.  .  )adi 


- a 


Now  substitute  in  the  first  member  of  this  equation  (xa—ctp)  —  (a  —  a^)  for 
a?a  —  a,  and  in  the  second  member  (a  —  ctp)  —  (aa—ap)  for  a  —  «a,  expand  botli 
members  in  terms  of  a  —  a^  and  equate  the  coefficients  of  the  first  power  of 
a  —  eta  on  both  sides  of  the  expression  thus  developed,  and  we  have  an  equa- 
tion of  the  form 


where  S'  applies  to  a,  the  value  J3  being  excluded  f^om  the  values  of  a  thus 
arising,  and  ^a,  ^«  certain  constants  depending  respectively  011  aa  and  ^/«. 
Allowing  for  the  different  notation,  this  formula  is  equivalent  to  the  equation 
we  wish  to  prove. 

Section  4.  —  Differentiating  equation  (3)  of  last  section,  we  have 

d  .  aXQ^  .  .  .  .  )g  _  _    £22c._1<r2(,_1    «Z2(y  •  •  O^-i. 


From  this  we  deduce,  by  applying  formulae  (1)  and  (2)  of  the  first  section, 

d  *v~l  d  2a~l 

T—aXO-K.  ----  )  =-r-aXO1-K.  ____  )  .....     (A) 
du        ^  l         l          'v      du       v   i         i          /«  v    / 

a  v 

We  next  put 

-  _  f  "!  u<ff*-i)      F(->-1)      _<7±_ 
J^  ~  J  «.a  '  ^K-i)  '  (*-«&-  1)'  '  ^"iH*)' 

and  also 


then  the  following  equation  is  given  connecting  the  new  transcendents  : 

d  log    attu.,  U,  .  .  .  .  )  «  «        2^-1 


If  we  write  it 

?tt  W   ____  .     2a-l  2a-l    2v-l 
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and  differentiate,  we  shall  have 

d2logefl?(MrM2.  .  .  •)2a_1  __         d  2a-l   2i/-l  f/  2v-l 

apply  the  formula  (A),  this  becomes 

a.  '    v  'v  a 

But 

-  a\(X . . . .  )fl  =  -      2?^L^rL .         l '  L^T1. 


Also,  using  formula)  (1)  and  (2)  of  section  1, 


But  by   a  formula  (Crellc  47,  page  292)  proved  by  Weierstrass  in  his 
second  paper,  page  322,  we  have 

d  .  fl/(w,«3. .  .  .)20-i  __      ____  e^"zL_ 7/ 

whence 


and 


whence  we  sec  that 

c/wa     ^  l        l ' '  ' '  "  duv  dut 

and  we  have 


--- 

This  proposition  has  been  proved  by  Brioschi,  *  Annali  di  Matcmntica,'  torn,  i., 
in  a  paper  entitled  "  Sopra  alcunc  proprieta  delle  funzioni  Abdiani,"  Section  4. 
Brioschi  however,  usea  the  notation  in  Wcierstrass's  second  paper. 
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Hence  we  may  manifestly  assume,  if  J  be  some  constant, 

d  log,  al(u,U^  ____  )2       ,         _.  f         2«-l  2P-1  2K-1 

~-  -^if  -  ^=J-*X(uk  +  K^X+aX^-K,.  .  .  .  )„  : 
u'% 

2a-l 

put  in  this  MI  —  Kx  for  w,  and  we  have 


.  ,1 

Hence,  by  addition, 

2a-l  2r-l  2a—  1    2v-l 

0  =  2J-a\(«1  +  K1-Kl)r+«X(uI-KJ-K1....)r; 

2i/-l 

and  this  must  be  true  for  all  values  of  u\  put  for  ul9  K1?  and 


or 

2a-l  L'a-1 


which  determine  the  arbitrary  constant,  and  we  have 

/      2,rl       , 

^i~Jvi  —  V 


Section  5.  —  It  may  be  proved  by  the  help  of  equation  A  of  last  section 
that  the  expression 

sr{  -*£-«*«,  -X  •••),!<*«, 

is  a  perfect  differential. 

Now  let  us  define  two  new  transcendents  as  follows  :  — 


and 


Combining  these  equations  together,  and  making  use  of  equation  (1)  of  last 
section, 


Now  putting  i^-f  KL,  't*2-}-K2,.  ...  for  w,Ma.  .  .  .,  we  have 


.Al^  +  Kj,  wa+K2,....) 


e  Al(^  +  K,  .  .  .  .  )  -r/  lo^  A 
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also 


dlog.  A1^«, 


or 


ge  Al(«,  +  2K,  ....)-  d  log,  Al(«,u,  .. 
whence  we  see  that 


a  u. 


.    .     .     .     (1) 


Put 


j  for  Wj,  and  remember  that 


a  /3 


and  we  have 


)t      ^     (2) 
Interchanging  a  and  ft  \vith  one  another,  we  have 


a    J3          a 


whence 


where  /t  is  an  integer. 

Section  0.  —  It  may  indeed  be  proved  by  direct  integration  that 

a    ft          a     ft  -j 


(D 


where  the  upper  or  lower  sign  is  to  be  taken  according  as  a  is  greater  or  less 
than  ft.     See  on  this  subject  a  memoir  by  Brioschi  in  the  *  Annali  di  Mate- 
matica,'  vol.  i.  p.  12,  in  which  the  method  of  treating  theorems  of  this  nature 
by  direct  integration  is  fully  discussed. 
The  following  formula}  are  also  true  :  — 


(2) 
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It  will  be  sufficient  if  we  prove  the  first  and  last  of  these  formulae.  The 
first  is  proved  by  taking  the  values  of  Kv  c,  Jv  c  already  given  in  sections 
1  and  4. 

2<J    2c'~  1     2c'         2c'-l      2c'    2c-l     2o 

K^-J,,)-^-^)^-^)} 

c—  I2c'—  I2c'—  12c—  1  2c  2c'       2c'  2c  2c2c'-l  2c'-l  2c  2c-l  2c'  2c'—  1  2e 


2c—  1       2c       0         1  33  2c-2  2c~l 

K;>c)  --  ^{(K^-K.XJ,,-  J.+J.-  JK+  ....  +JK-J_) 

2o-l      2c        0  1  2  3  2c-2    2c-l 

Ki,+  .  .  .  .Kr-K,)} 


Section  7.  —  Let  now 


W    J  „  2+  '  '  •  •  +wl»  J  r,  u» 
«„=   ri  JV,  1+  ^  JV,  2+  '  '  '  '  +   rn  J'Vi  „  ; 

then  we  shall  have 

Al(Ml  +  2Wl  ...O-e—^^^^Al^...    ),  .....     (1) 

Al(n+2^...0=€~2Vv(^WV^^^^^  ...     (2) 

We  shall  prove  the  first  of  these  formulae. 

We  easily  deduce  from  equation  (1),  section  5,  that 


L  (v  .  .  , 

where  m  is  an  integer.     Hence 


^ 
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In  precisely  the  same  manner  we  shall  find,  continuing  the  process, 


from  which  we  may  infer  the  truth  of  the  theorem. 
Section  8.  —  Now  assume 


2va+  ----  +KM|Ht'B)  ; 
whence  we  obtain  equations  of  the  form 


from  these  equations  we  have  manifestly 
2,K,,,,Gv,c=l,       SA./ 


Then  from  the  first  of  equations  (2),  section  6,  we  have 

S,((V,  o'K_,  A.  «-  G,',  A,  oK,,,  ,.)  =  0, 
or  ^{K,,,  CSC,G,,  CJV,  ,  -  J,,  C2C,G,,,  C,K,,(  c,\  =0, 

or  ^{K,,cSXG,',A(C'-J,'.e^,,,)} 

+  2,{K,,  CSC,G,,  c,Jk,  ,.  -  J,,,  C2C,G^,  ^  c,  }  =  0. 
But  S,<K,  CSC,G,,  ^  c,  -  J  ^,,,0,,  C.K,  ,., 
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consequently  we  shall  have 

S,{Kr>A^A«'-^A,,<)}=0. 
This  equation  must  hold  good  for  all  values  of  c  ;  wherefore,  puttin 

r,  =  V<V,A,,'-Jv'.A,c.), 

we  shall  have 


These  equations  givep1=pa=  ....  ==pN  = 


Now  if  we  put 


then  we  shall  have 


The  first  of  these  formulce  may  be  proved  thus  : 


therefore  2CSVG^  CK^  c  J^  c=  2,2^  CJV>  CK^  c,  ; 

that  is  (see  equations  E),  J^  c,  =  S^G^  CJV|  c  .  K^  c,, 

or  Jy,f  c  =  S,,<v,  FKy(  c,  whence 

^,C  =  ^c'e^C'Kc',c- 

Also,  for  the  second  of  these  formulae,  since  by  equations  (2),  section  0,  we 
have 

2y(K^cJ'^c,  —  J^CK'     ,)==0,  when  c  and  c'  are  unequal, 

=  ^5,  when  c  and  c'  are  equal  ; 
£ 

henee 
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Hence  J',,.  „,  =  ?  .  0,,,  0,+  2;W,  /„,  C)K'^  c, 


This  formula  may  be  written  thus,  by  merely  changing  the  letters  : 


therefore         SF(J'^  eK'r>  (.,  -  J',.  ..K'^  .)  =  £  2^  CK',,,  r,  -  U,p  e,K^  c) 

-S^^G^K;,  c,)Stt(Ja,  ^  ,)  -  2a(u,,,  ^  .W^K;.  c)} 

=  2^W,.K',,-^.o.K',,.e).     But  S,(J',.,eK'^-J;>c.K'Fi.)-0; 
tcnce  SG^K'^^S/l^.K'^  ........    (4) 

Section  !).  —  Let  us  now  put 

EfMjiyr,  ----  )  =  |  2  M,,  ifc  e^  c,  then 


NOW 

hence 
also 
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let  us  define  a  symbol, 


then,  when  vl  becomes  ^  +  21)1^.  .  .  .,  u^  becomes 

wi  +  2(KHwli  +  Ki,2wla+Kl(sm8+  .  .  .  .)=^  +  2av 
and  therefore  Jc(v1+2m1ir,  va+2inair,  +  ____  )=* 

0€E('W»  ......  ^+2^^wi+«,)€-2v,K+«r)A1(        _} 

-^^  ......  "^AiK*  .....  ~J-J.(.'A....>. 

Section  10.  —  Let  us  now  recall  the  values  of  £      (section  8)  defined  by  the 
equation  <^  c=ScrGp.  fc'c\o  •  ^^  an(^  ^e^  us  assnme 


and  let  us  ascertain  the  values  of  u^v^.  .  .  .  when  v^.  .  .  .  become 
v3+Sa»",.  .  .  .      Thus  Wj  becomes 


so  M  becomes  w2+  <*'./,  «3,  1*^+0;'.,*,+  .... 
We  will  now  investigate  the  value  of 


Now  E(«l+2w'i,  Ma+2i»'!1t  ----  )=sE(w1, 


But 
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But         aajKu« 


=  (by  1  and  3  of  section  8)  Sa{J'c,  A-     <\  A}wfl, 


and  therefore  « 


~  £  ('A-,  I  +  rfiot  2+  'A,  3+  •  •  •  •  )K 


Similarly, 
Lastly, 


A 


Whence  we  have 


From  this  expression,  combined  with  that  given  in  last  section,  we  may 
develop  J^yy,.  .  .  .)  in  a  series  of  exponentials.  The  full  expression  is 
given  by  Konigsberger,  Crelle,  Ixiv.  p.  19. 

Section  11.  —  Hitherto  our  investigations  have  had  reference  chiefly  to 
whole  periods.  We  will  now  investigate  some  formula)  involving  half 
periods. 

a 

To  determine 

By  a  former  equation,  we  have 
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whence 

Al(Ml+2it  .  .0=Cr^+C 


l       ,  -  -  --~- 
w  (MJ  •  •  .  •  )a 


a 

Now  put  i^=  ~K1  ____  ;  then,  since  (Crcllo,  xlvii.  p.  301), 

Ka 
AlC-i^  ~k2....)-Al(Kl5i2....),wohaveC^"2a=:l,  C,**-^ 

and  therefore 

a   f  K 


whence 


We  will  next  investigate  the  value  ^t1  assumes  when  i\  ----   becomes 
^mp  +  ijv  ....  (see  Crelle,  xlvii.  p.  305). 
It  is  plain  that  u^  becomes 


and 


and  therefore  the  required  value  of  wt  is  (m^  ----  rj\  ----  being  here  0 
orl) 

+wA.^...^^  (Weierstrass,  I.e.). 

Section  12.—  Hence 

JcK-^ir+Jji)'88 

EK-KlfW^K2  ......  )  « 

rjr.e  AKUj-K^...). 


Now 
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A     «« 


»X,  2+  ....  -r.tK',,  ,-....  )GF.  „!,.  M«e 


Again, 


^  A 


C('"1J,(  ,  +  »»/,.  2+  •  •  '  '  )OlK, 

»1K,,  .  +  ^,2+  •  '  '  'X'V1',.  I*''/,,  2+  '^V,  3+  '  '  '  ') 

o;^  ,+)»>',,  2+  ....  X'-.j;,  ,  +  »•/,.  2+  •  •  •  •  ) 

(r,J'r.  ,  +  r  /,  .  ,.+rlJ'ri  ,+  ....  )(»-,K'c,  ,  +  r,K'f,  8+r,K'c>  ,+  .... 
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v*  ,,,  ,  >v    p, 

2,6,0),  -  t2f  >„+  tV  VVx  ~  »  V  A  -  V>'o+  I  VA* 
Moreover 


Combining  these  results  we  have 


where  U=  - 


«€>.-  J  V  A+  5  S€Xe+  g  Sfle>o+  J2€ 
Now  S0e>c-SfleXc« 


,  3+  -  •  •  '  )(^K',,  1+  ^K'c,  2  +  ^K'c,  3+  •••• 


Consequently,  substituting  this  in  the  preceding  formula  and  reducing,  we 
shall  have 

U  =:  —  o  \r*(v\—  im\K  +  2<W  >  ancl  therefore 


which  is  the  formula  60,  p.  305. 

Weierstrass  then  shows  that  we  are  able  to  expand  J^—m^  +  SJ. . . .) 
in  a  series  of  exponentials. 

Section  13. — The  theorems  just  given  contain  in  fact  the  solution  of  what  Clebsch 
and  Gordan  have  called  the  '  Umkehr  Problem/  as  applied  to  the  hyperelliptic 

functions ;  for  we  have  already  given  al(u^  u2. , ,  .)a=  A     1  2> .'-"  :    but 

A1(W1W2'  ') 

we  have  also  shown  that  Al^t^. .  , .)  depends  on  J^v^. .  . . ),  where  vl9  va 
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arc  connected  linearly  with  uLu.2  &c.,  and  J^v.,.  .  .  .)  can  "be  expanded  in  a 
series  of  exponentials.  Moreover,  we  now  see  that  Al(u]u2.  .  .  ,)a  depends 
on  J"^  —  wijir  +  ^t.  .  .  .)>  when  Jc(t\—  m^  +  ^t.  .  .  .)  can  be  expanded  in  a 
scries  of  exponentials.  Hence  al^uji^  .  .  .  .  )a  can  be  expressed  as  the  ratio  of 
two  series  of  exponentials,  a  theorem  equivalent  to  the  well-known  sin  am 


Section  14.  —  We  shall  conclude  this  part,  of  otir  subject  by  giving  the  ex- 
pansion of  hyperelliptic  functions  in  terms  of  divided  arguments  as  given  in 
Dr.  Weierstrass's  second  paper. 

Let  lA=tf-ff#-ff    •  •  •  •  (#-» 


v^-^vii^^'*^'  vit^*"""4", 
Tf+^-riT 


-    ,       .       ^-"P  VR.V]    ""    .Vp-«p 

Any  one  of  these  equations  may  be  written  2  -  .  _  _  V_  .  __>_  -=  cfo  , 

"    '^M-     ( »'     ^  ^iiV 
where  2  applies  to  /j,  and  extends  from  1  to  p. 

Now  let   .r/,  .ru' ,rp',  .r/',  ,r/' ,rp" .r/111^,  .r/'"> .rp('J))    be   a 

set  of  mp  variables  corresponding  to  the  arguments  i^',  itj .  .  .  .  \i  ',  v",  u" 
..  .  . w",  w/m\  u^"'\  .  .  .u^  ()n  being  an  even  number),  so  that 

1       P.*-'  tlr  I       P.r"          r/.r" 


^2  '  "/MO         * 

t/lV  ~~('i     •  AVI> 


1S72. 
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o"~      p     ' 


also  let  !M(a?)  bo  a  rational  and  entire  function  of  the  |^  -  Jth,  N(x)  one  of 


the       £—lih  order  ;  also  let 


(a?),  where 


we  consequently  have  for  ^(«v),  where  «M  is  one  of  the  roots  of  F(#)=0, 

Q(a  )N2(«  ) 
</,(«  ^  SB=  —  —  -—  —  -—  •    "Weierstrass  has  shown  that  it  is  possible  to  deter- 

n,K), 

mine   oc'v  os"v  K2,  x"2,   &c.  from  the  hyperelliptic  differential  equations   by 

reversion   of  series,   and  that  consequently  in   terms  of  ul9  «2,  u[  .... 

_lifni  may  be  expressed  by  a  series  f(ul..u(^n\    ^..t^0,    Wp..wjm)). 
HV^V) 
But,  by  Abel's  theorem, 


Now  let  u\=u'~ saw?0  =  — S 

11  i         m 

'  "  )  W2 

&c.=  .... 


P       P  p          m ' 


whence  the  expression  for  —^—"4  will  become  P  I-1,    -....,    -^  j,  or, 
other  words,  the  arguments  may  be  taken  as  small  as  we  please. 
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Report  of  the  Committee  appointed  for  the  purpose  of  promoting  the 
extension,  improvement,  and  harmonic  analysis  of  Tidal  Observa- 
tions. Consisting  of  Sir  WILLIAM  THOMSON,  LL.]).,  F.R.S.,  Prof. 
J.  C.  ADAMS,  F.R.S.,  J.  OLDIIAM,  WILLIAM  PARKES,  M.Inst.C.E., 
Prof.  HANKINE,  LL.D.,  F.R.S.,  and  Admiral  RICHARDS.,  R.N., 
F.R.S. 

Drawn  up  ly  Mr.  E.  Roberts,  under  direction  of  the  Committee. 

1.  THE  results  already  deduced  from  the  discussion  of  tidal  observations  by 
the  method  of  harmonic  anah/sis  being  scattered  through  several  succes- 
sive reports,  it  has  been  thought  highly  desirable  to  collect  and  rearrange 
them  in  the  present  llcport  for  comparison  and  facility  of  reference,  along 
with  the  results  obtained  during  the  past  year.  A  full  description  of 
the  method  pursued  in  the  reduction  of  the  observations  is  first  given  in  order 
that  the  results  may  be  more  readily  understood.  The  explanation  is  the 
same  generally  as  that  contained  in  the  Committee's  fir.st  llcport ;  additions 
and  alterations  have,  however,  been  made  where  found  necessary  during  the 
reduction  of  the  observations. 

2.  The  chief,  it  may  be  almost  said  the  only,  practical  conclusion  dcducible 
from,  or  at  least  hitherto  deduced  from,  the  dynamical  theory  is,  that  the 
height  of  the  water  at  any  place  may  be  expressed  as  the  sum  of  a  num- 
ber of  simple  harmonic  functions*  of  the  time,  of  which  the  periods  are 
known,  being  the  periods  of  certain  components  of  the  sun's  and  moon'a 
motions f.     Any  such  harmonic  term  will  be  called  a  tidal  constituent,  or 
sometimes,  for  brevity,  a  tide.     The  expression  for  it  in  ordinary  analytical 
notation  is  AcosN£-j-.B&in  nt ;  or  11  cos  (nt  —  e),  if  A  =  11  cos  e  and  15=11  sin  e  ; 
where  t  denotes  time  measured  in  any  unit  from  any  era,  n  the  corresponding 
angular  velocity,  the  speed,  as  it  will  henceforth  be  called  for  brevity  (a 

quantity  such  that  ~  is  the  period  of  the  function),  R  and  e  the  amplitude 
n 

and  the  epoch,  and  A  and  B  coefficients  immediately  determined  from  obser- 
vation by  the  proper  harmonic  analysis  (which  consists  virtually  in  the  method 
of  least  squares  applied  to  deduce  the  most  probable  values  of  these  coefficients 
from  the  observations). 

3.  The  chief  tidal  constituents  in  the  North  Atlantic  Ocean,  indeed  in  all 
localities  where   the   tides  are   comparatively  well  known,  are  those  whose 
periods  are  twelve  mean  lunar  hours  and  twelve  mean  solar  hours  respec- 
tively.    Those  which  stand  next  in  importance  arc  the  tides  whose  periods 
are  approximately  twenty-four  hours.      The  former  arc  called  the  lunar 
semidiurnal  tide  and  solar  semidiurnal  tide  ;  the  latter,  the  lunar  diurnal 
tide  and  the  solar  diurnal  tidej.     There  are,  besides,  the  lunar  fortnightly 
tide  and  the  solar  semiannual  tidc§.     The  diurnal  and  the  semidiurnal  tides 
have  inequalities  depending  on  the  exccntricity  of  the  moon's  orbit  round 
the  earth,  and  of  the  earth's  round  the  sun,  and  the  semidiurnal  have  in- 
equalities depending  on  the  varying  declinations  of  the  two  bodies.     Each 
such  inequality  of  any  one  of  the  chief  tides  may  be  regarded  as  a  smaller 
superimposed  tide  of  approximately  equal  period,  producing  with  the  chief 

*  See  Thomson  and  Tait's  '  Natural  Philosophy,'  §§  53,  54. 

t  See  Laplace,  'Meeanique  Celeste,'  liv.  iv.  §  1C.     Airy's  'Tides  and  Waves,'  §  585, 
J  See  Airy's  'Tides  and  Waves,'  §§  46,49;  or  Thomson  and  Tait's  'Natural  Philo- 
sophy,' §  808. 

§  See  Airy's  '  Tides  and  Waves,'  §  45 ;  or  Thomson  and  Tait's '  Natural  Philosophy;  §  880, 

2  u  2 
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tide  a  compound  effect  which  corresponds  precisely  to  the  discord  of  two 
simple  harmonic  notes  in  music  approximately  in  unison  with  one  another. 
These  constituents  may  be  called,  for  brevity,  elliptic  and  declinational  tides. 
Thus  we  have  the  following  schedule  of  tidal  constituents  : — 

Speeds. 

Tjnnar. 

The  lunar  monthly  and  solar  annual  (elliptic).  2 

The  lunar  fortnightly  and  solar  semiannual  f    « 

(declinational) J 

The  lunar  and  solar  diurnal  (declinational)  .  4 
The  lunar  and  solar  semidiurnal     .     ,     .     ,  2 

The  lunar  and  solar  elliptic  diurnal    ...  7 


The  lunar  and  solar  elliptic  semidiurnal  .     .  4 

f 


The  lunar  and  solar  declinational  semi-       <•> 
diurnal 


i-  1 
J 


4.  Here  y  denotes  the  angular  velocity  of  the  earth's  rotation,  and  <r,  rj,  is 
those  of  the  moon's  revolution  round  the  earth,  of  the  earth's  round  the  sun, 
and  of  the  progression  of  the  moon's  perigee.     The  motion  of  the  first  point 
of  Aries  and  of  the  earth's  perihelion  are  neglected.     The  slow  variation  of 
the  lunar  declinational  tides  due  to  the  retrogression  of  the  nodes  of  the 
moon's  orbit  may  be  dealt  with,  probably  with  sufficient  accuracy,  according 
to  the  equilibrium  method.     The  inequalities  produced  by  perturbations  of 
the  moon's  motion,  other  than  of  evection    and  variation,,   are  insensible. 
These  perturbations  give  tidal  constituents,  which  must  be  included  in  the 
analysis  for  all  places  at  which  (he  range  of  tide  is  considerable.     The  follow- 
ing are  the  speeds  of  these  perturbing  elements  for  semidiurnal  tides : — 

Lunar  evection  semidiurnal  .     . 
Lunar  variation  semidiurnal     , 

There  are  also  evection  and  variation  diurnal  tide*,  but  which,  from  their 
nature,  must  be  necessarily  very  small,  and  consequently  have  not  hitherto 
been  included  in  the  analysis. 

5.  There  are  besides,  as  Laplace  has  shown,  very  sensible  tides  depending 
on  the  fourth  power  of  the   moon's  parallax*',  the  investigation  of  which 
must  be   included  in  the  complete  analysis  now  suggested,  although  for 
simplicity  they  have  been  left  out  of  the  preceding  schedule.     The  amplitude 
and  the  epoch  of  each  tidal  constituent  for  any  part  of  tbc  sea  is  to  be  deter- 
mined by  observation,  and  cannot  be  determined  except  by  observation.    But 
it  is  to  be  remarked  that  two  of  the  solar  elliptic  diurnal  tides  thus  indicated 
have  the  same  period,  being  twenty-four  mean  solar  hours,  and  also  the 
period  of  one  of  the  lunar  diurnal  tides  agrees  with  that  of  one  of  the  solar 
diurnal  tides,  being  twenty-four  sidereal  hours,  and  that  the  period  of  one 

[*  The  chief  effect  of  this  at  any  one  station  is  a  terdiurnal  lunar  tide,  or  one  whose 
period  is  eight  lunar  hours.  Values  of  this  have  been  determined  from  the  tidal  observa- 
tions at  Liverpool,  Bamagate,  Portland  Breakwater,  &c,] 
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of  the  semidiurnal  lunar  declinutional  tides  agrees  with  that  of  one  of  tho 
semidiurnal  solar  declinutional  tides,  being  twelve  sidereal  hours  ;  also  that 
the  angular  velocities  y  —  0-  + or  and  y— cr— w  are  so  nearly  equal,  that  obser- 
vations through  several  consecutive  years  must  be  combined  to  distinguish 
the  two  corresponding  elliptic  diurnal  tides.  Again,  one  of  the  lunar  vari(t~ 
tion  tides  has  the  same  period  as  the  chief  solar  semidiurnal  tide.  This 
would  be  of  great  importance  for  tidal  theory,  were  it  not  that  its  magnitude 
must  be  so  small  as  to  be  scarcely  sensible.  Each  lunar  declinational  tido 
varies  from  a  minimum  to  a  maximum,  and  back  to  a  minimum,  every  nine- 
teen years  or  thereabouts  (tho  period  of  revolution  of  the  line  of  nodes  of  the 
moon's  orbit).  Observations  continued  for  nineteen  years  will  give  the 
amount  of  this  variation  with  considerable  accuracy,  and  from  it  the  propor- 
tion of  the  effect  due  to  the  moon  will  be  distinguished  from  that  due  to  tho 
sun.  It  is  probabj^  that  thus  a  somewhat  accurate  evaluation  of  the  moon's 
mass  may  be  arrived  at. 

(J.  There  are  also  shallow-water  tides  which  depend  on  the  rise  and  fall  of 
the  tide,  amounting  to  some  sensible  part  of  the  whole  depth  of  the  water,  or, 
which  comes  to  the  same,  the  hori/ontal  velocity  of  the  water  being  sensible 
in  comparison  with  the  velocity  of  propagation  of  a  long  wave  through  some 
considerable  portion  of  the  sea  which  sensibly  influences  the  tides  at  the  point 
of  observation.  Helmholtz's  explanation  of  compound  sounds,  according  to 
which  two  sounds,  each  a  simple  harmonic,  having  inf,  nt  for  their  arguments, 
give  rise,  if  loud  enough,  to  sounds  having  for  their  arguments  (w-r->i)f, 
(w—  n)t,  suggests  that  the  compound  action  of  the  solar  and  lunar  semidiurnal 
tides  must  give  rise  to  shallow-water  tides,  whose  speeds  are  2(<r —  77)  and 
2(2y  —  ff~—  77).  The  action  of  the  solar  or  lunar  semidiurnal  tide  alone  must 
also  (by  the  case  w  =  n)  give  rise  to  shallow-water  tides.  The  following  aro 
the  speeds  of  these  compound  shallow- water  tides  which  have  (with  ono 
exception  not  yet  tried)  been  found  to  be  sensible  at  some  of  the  places  dis- 
cussed hereafter : — 

Speeds. 

C  2(a  — »;)  fortnightly. 

2(2y — fr  —  r?)         quarter- diurnal. 

Helmholtz  compound  shallow-  J       2y  —  4v  +  *2n  }         .  v        , 
A      A' i  \       0,01      >  semidiurnal, 

water  tides ^       2y-f-2<r— 4ij  j 

\  -i 

quarter- diurnal. 

One  of  the  semidiurnal  components  contained  in  the  above  list  has  the  same 
period  as  one  of  the  variation  semidiurnal  tides,  and  is  therefore  to  be  held 
accountable  for  any  deviation,  whether  of  magnitude  or  of  epoch,  which  tho 
tide  of  this  period,  calculated  from  observation,  may  show  from  tho  values 
which  might  be  expected  merely  from  the  lunar  perturbation  alone. 

7.  The  methods  of  reduction  hitherto  adopted*,  after  the  example  set  by 
Laplace  and  Lubbock,  have  consisted  chiefly,  or  altogether,  in  averaging  the 
heights  and  times  of  high  water  and  low  water  in  certain  selected  sets  of 
groups.  Laplace  commenced  in  this  way,  as  the  only  one  for  which  observa- 
tions made  before  his  time  were  available.  How  strong  the  tendency  is  to 
pay  attention  chiefly  or  exclusively  to  the  times  and  heights  of  high  and 
low  water  is  indicated  by  the  title  printed  at  the  top  of  tho  sheets  used 

*  Sec  *  Directions  for  reducing  Tidal  Observations,'  hy  Staff- Commander  Burdwooil 
(London,  186*5,  published  hy  tho  Admiralty)-,  also  Professor  ITauphton  on  tho  "  Solar  and 
Lunar  Diurnal  Tides  on  the  Coast  of  Ireland,"  Transactions  of  the  Royal  Irish  Academy 
for  April  185*. 
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by  the  Admiralty  to  receive  the  automatic  records  of  tho  tide-gauges ;  for 
instance,  "  Diagram,  showing  time  of  high  and  low  water  at  Ramsgate, 
traced  by  the  tide-gauge."  One  of  the  chief  practical  objects  of  tidal  investi- 
gation is,  of  course,  to  predict  the  timo  and  height  of  high  water ;  but  this 
object  is  much  more  easily  and  accurately  attained  by  the  harmonic  reduction 
of  observations  not  confined  to  high  or  low  water.  The  best  arrangement  of 
observations  is  to  make  them  at  equidistant  intervals  of  time,  and  to  observe 
simply  the  height  of  the  water  at  the  moment  of  observation  irrespectively 
of  the  time  of  high  or  low  water.  This  kind  of  observation  will  even  be  less 
laborious  and  less  wasteful  of  time  in  practice  than  the  system  of  waiting 
for  high  or  low  water,  and  estimating  by  a  troublesome  interpolation  the  time 
of  high  water,  from  observations  made  from  ten  minutes  to  ten  minutes  for 
some  timo  preceding  it  and  following  it.  Tho  most  complete  system  of  obser- 
vation is,  of  course,  that  of  the  self-registering  tide-gauge,  which  gives  the 
height  of  the  water-level  above  a  fixed  mark  every  instant.  Uut  direct  ob- 
servation and  measurement  would  probably  be  more  accurate  than  tho  records 
of  the  most  perfect  tide-gauge  likely  to  be  realized. 

8.  One  object  proposed  for  the  Committee  is  to  estimate  the  accuracy; 
both  as  to  time  and  as  to  scale  of  height,  attained  by  the  best  self-registering 
li de-gauges  at  present  in  use,  and  (taking  into  account  also  the  relative 
costliness  of  different  methods)  to  come  to  a  resolution  as  to  what  method 
should  be  recommended  when  new  sets  of  observations  are  set  on  foot  in  any 
place.  In  the  mean  time  the  following  method  of  observation  is  recommended 
as  being  more  accurate  and  probably  less  expensive  than  the  plan  of  measure- 
ment on  a  stem  attached  to  a  float,  often  hitherto  followed  where  there  is  no 
self-registering  tide-gauge.  A  metal  tube,  which  need  not  be  more  than  2  or 
3  inches  in  diameter,  is  to  bo  fixed  vertically  in  hydrostatic  communication, 
by  its  lower  end,  with  the  sea.  A  metal  scale  graduated  to  centimetres  (or 
to  hundredths  of  a  foot,  if  preferred)  is  to  bo  let  down  by  the  observer  in  tho 
middle  of  the  tube  until  it  touches  the  liquid  surface ;  and  a  fixed  mark 
attached  to  the  top  of  the  tube  then  indicates  the  reading  which  is  to  bo 
taken.  Attached  to  the  measuring-scale  must  be  one  or  more  pistons  fitting 
loosely  in  the  tube  and  guiding  the  rod  so  that  it  may  remain,  as  nearly  as 
may  be,  in  the  centre  of  the  tube.  Tho  observer  will  know  when  its  lower 
end  is  precisely  at  the  level  of  the  surface  of  the  liquid,  by  aid  of  an  electric 
circuit  completed  through  a  single  galvanic  cell,  the  coil  of  a  common  tele- 
graph "detector,"  the  metal  measuring-scale,  the  liquid,  and  the  metal  tube*. 
3iy  this  method  it  will  be  easy  to  test  the  position  oi'  the  water-level  truly 
to  the  tenth  of  an  inch.  It  is  not  probable  that  tidal  observations  hitherto 
made,  whether  with  self-registering  tide-gauges  or  by  direct  observations, 
have  had  this  degree  of  accuracy;  and  it  is  quite  certain  that  a  proper 
method  of  reduction  will  take  advantage  of  all  the  accuracy  of  the  plan  now 
proposed. 

0.  An  observation  made  on  this  plan  every  three  hours,  from  day  to  day 
for  a  month,  would  probably  suffice  to  givo  the  data  required  for  nautical 
purposes  for  any  harbour.  It  is  intended  immediately  to  construct  an  appa- 
ratus of  tho  kind,  and  give  it  a  trial  for  a  few  weeks  at  some  convenient 
harbour;  and  if  tho  plan  prove  to  be  successful  and  convenient,  it  will  como 
to  be  considered  whether  observations  made  at  every  hour  of  tho  day  and 

[*  Instead  of  the  galvanic  detector,  an  hydraulic  method  may  be  found  preferable  in  some 
places.  Tho  latter  consists  in  using  a  stiff  tube  of  half  inch  diameter  or  so,  instead  of  tho 
Holid  metal  measuring-bar,  and  testing  whether  its  lower  end  is  above  or  below  the  level  of 
tho  water  by  suction  at  the  upper  end.] 
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night  might  not,  all  things  considered  (accuracy,  economy,  and  sufficiency  for 
all  scientific  wants),  be  preferable  to  a  self-registering  tide-gauge. 

10,  One  of  the  most  interesting  of  the  questions  that  can  be  proposed  in 
reference  to  the  tides  is,  how  much  is  the  earth's  angular  velocit  y  diminished 
by  them  from  century  to  century  ?  The  direct  determination  of  tliis  amount, 
however,  or  even  a  rough  estimate  of  it,  can  scarcely  be  hoped  for  from  tidal 
observation,  as  the  data  for  the  quadrature  required  could  not  be  had  directly. 
Hut  accurate  observation  of  amounts  and  times  of  the  tide  on  the  shores  of 
continents  and  islands  of  all  seas  might,  with  the  assistance  of  improved 
dynamical  theory,  be  fully  expected  to  supply  the  requisite  data  fur  at  least 
a  rough  estimate.  In  the  mean  time  it  may  be  remarked  that  one  very 
important  point  of  the  theory,  discovered  by  Dr.  Thomas  Young  and  inde- 
pendently by  Airy*,  affords  a  ready  means  of  disentangling  some  of  tho 
complicacy  presented  by  tho  distribution  of  the  times  of  high  water  in  dif- 
ferent places,  and  will  form  a  sure  foundation  for  tho  practical  estimate  of  a 
definite  part  of  the  whole  amount  of  retardation,  when  the  times  of  spring- 
tides and  neap-tides  are  better  known  for  all  parts  of  the  sea  than  they  are 
at  present.  To  understand  this,  imagine  a  tidal  spheroid  to  be  constructed 
by  drawing  an  infinite  number  of  lines  perpendicular  to  the  actual  mean  sea- 
level  continued  under  tho  solid  parts  of  the  earth  which  lie  above  the  sea- 
level,  and  equal  to  the  spherical  harmonic  term  or  Laplace's  function,  of  the 
second  order,  in  the  development  of  a  discontinuous  function  equal  to  tho 
height  of  the  sea  at  any  point  above  the  mean  level  where  there  is  sea,  and 
equal  to  zero  for  all  the  rest  of  the  earth's  surface.  This  spheroid  we  shall 
call,  for  brevity,  the  mean  tidal  spheroid  (lunar  or  solar  as  the  case  may  be,  or 
lunisolar  when  the  heights  due  to  moon  and  sun  are  added).  The  fact  that 
the  lunar  semidiurnal  tide  is,  over  nearly  the  whole  surface  of  the  sea,  greater 
than  the  solar,  in  a  greater  ratio  than  that  of  the  generating  force,  renders  it 
almost  certain  that  the  longest  axes  of  tho  mean  lunitidal  and  solitidal 
spheroids  would  each  of  them  lie  in  tho  meridian  1)0°  from  the  disturbing 
body  (moon  or  sun)  if  tho  motion  of  the  water  were  unopposed  by  friction ; 
or,  which  means  tho  same  thing,  that  there  would  be  on  the  average  of  tho 
whole  sens,  low  water  when  the  disturbing  body  crosses  the  meridian,  were 
the  hypothesis  of  no  friction  fulfilled.  But,  as  Airy  has  shown,  the  tendency 
of  friction  is  to  advance  the  times  of  low  and  high  water  when  the  depth  and 
fihape  of  the  ocean  are  such  as  to  make  the  time  of  low  water,  on  the  hypo- 
thesis of  no  friction,  be  that  of  tho  disturbing  body's  transit.  Now  the  well- 
known  fact  that  the  spring-tides  on  the  Atlantic  coast  of  Europe  are  about  a 
day  or  a  day  and  a  half  after  full  and  change  (the  times  of  greatest  force), 
and  that  through  nearly  the  whole  sea  they  are  probably  more  or  less  behind 
these  times,  which  Y'oung  and  Airy  long  ago  mai  itaii  ed  to  be  a  consequence 
of  friction,  would  prove  that  the  crowns  of  the  lunitidal  spheroid  are  in 
advance  of  those  of  the  solitidal  spheroid,  and  therefore  that  those  of  the 
latter  arc  less  advanced  by  friction  than  those  of  the  former.  It  is  easily 
conceived  that  a  knowledge  of  the  heights  of  the  tides  and  of  the  intervals 
between  the  spring-tides  and  the  times  of  greatest  force,  somewl  at  more 
extensive  than  we  have  at  present,  would  afford  data  for  a  rough  estimate 
of  the  proper  moan  amount  of  the  average  interval  in  question — that  is,  of  the 
interval  between  tho  times  of  high  water  of  the  mean  lunitidal  ?md  mean 
solitidal  spheroids.  The  whole  moment  of  the  couple  retarding  the  earth's 
rotation,  in  virtue  of  tho  lunar  tide,  must  be  something  more  than  that  calcu- 

*  See  tho  collected  works  of  Dr.  Thomas  Young,  vol.  ii,  No.  LIT.  (London,  1855,  John 
Murray),  and  Airy's  c  Tides  and  Waves/  §§  45*«>,  Ml. 
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lafccd  on  the  lij^pothesis  that  tho  obliquity  of  tho  mean  lunitidal  spheroid  is 
only  equal  to  the  hour- angle  corresponding  to  that  interval  of  time. 

11.  We  kno\v,  however,  but  little  at  present  regarding  the  actual  time  of 
the  spring-tides  in  different  parts  of  the  ocean ;  and  it  is  not  even  quite 
certain,  although,  as  Airy  remarks,  it  is  extremely  probable,  that  in  the 
southern   seas   they  take   place   at  an  interval  after  tho  full  and   change, 
although  it  may  be  at  a  less  interval  than  on  the  Atlantic  coast  of  Europe. 
There  must  be  observations  on  record  (such  as  those  of  Sir  Thomas  Maclear 
at  the  Cape  of  Good  Hope,  which  Staff-Commander  Burdwood  showed  to 
Sir  AY.  Thomson  in  the  Hydrographical  Office  of  the  Admiralty)  valuable  for 
determining  this  very  important  clement  for  ports  on  all  seas  where  any 
approach  to  a  knowledge  of  the  laws  of  the  tides  has  been  made. 

To  collect  information  on  this  point  from  all  parts  of  the  world  will  be 
one  of  the  most  interesting  parts  of  tho  work  of  tho  Committee. 

12.  Another  very  interesting  subject  for  inquiry  is  the  lunar  fortnightly, 
or  solar  semiannual,  tide,  the  determination  of  which  will  form  part  of  the 
complete  harmonic  reduction  of  proper  observations  made  for  a  sufficient 
time.     The  amounts  of  these  tides  must  be  very  sensible  in  all  places  remote 
from  the  zero  line*  of  either  northern  or  southern  hemisphere,  unless  the 
solid  earth  yields  very  sensibly  in  its  figure  to  the  tide-generating  force  f. 
Thus  it  has  been  calculated  that  if  the  earth  were  perfectly  rigid,  the  sum  of 
the  rise  from  lowest  to  highest  at  Teneriffe,   and  simultaneous  fall  from 
highest  to  lowest  at  Iceland,  in  the  lunar  fortnightly  tides,  would  amount  to 
4§5  inches.     The  preliminary  trials  of  plans  for  harmonic  reduction  referred 
to  below,  make  it  almost  certain  that  hourly  observations,  continued  for  a 
sufficiently  long  time  at  two  such  stations  as  these,  would  determine  the 
amount  of  the  fortnightly  tide  to  a  fraction  of  an  inch,  and  so  would  give 
immediate  data  for  answering,  to  some  degree  of  accuracy,  the  question  how 
much  docs  the  solid  earth  really  yield  to  the  tide-generating  force  ? 

13.  A  beautiful  synthesis  of  the  complex  dynamical  action  to  which  the 
semidiurnal  tides  are  due,  imagined  by  Laplace,  will  be  used  in  this  Report 
to  enable  us  to  avoid  circumlocution.     A  number  of  ideal  stars  ("  astres 
nctifs")  arc  assumed  to  move,  each  uniformly  in  the  plane  of  tho  earth's 
equator,  with  angular  velocities  small  in  comparison  with  that  of  the  earth's 
rotation,  so  that  the  period  of  each  relatively  to  the  earth  is  something  not 
very  different  from  the  lunar  or  solar  twenty-four  hours.     Each  one  of  the 
approximately  semidiurnal  tides  (§  3)  is  produced  by  one  alone  of  these 
ideal  stars. 

14.  One  of  the  ideal  stars  is  what  is  commonly  called  in  England  the 
"  mean  sun,"  being  that  point  of  the  celestial  sphere  in  the  plane  of  the  earth *s 
equator  whose  hour-angle  is  equal  to  mean  solar  time  :  for  brevity  we  shall 
call  it  S.     Another  of  them  might  be  tho  "mean  moon"  similarly  denned 
(called  M) ;  but,  to  allow  the  same  Tables  (§  1(>)  to  be  used  for  the  reduction 
of  tidal  observations  of  different  years,  we  shall  take  it  as  a  point  moving  in 
the  plane  of  the  earth's  equator,  with  an  angular  velocity  equal  to  the  mean 
angular  velocity  of  the  moon,  and  set  at  0°*0  for  its  hour-angle  at  the  com- 
mencement of  any  series  of  observations;}:. 

Similarly  K  might  be  the  first  point  of  Aries,  but,  for  the  same  reason,  will 

*  Thomson  and  Tait's  'Natural  Philosophy,'  §  810. 

t  "  On  tho  Rigidity  of  tho  Earth,"  W.  Thomson,  Trans.  B.  S.,  May  18G2 ;  or  Thomson 
and  Tail's  <  Natural  Philosophy/  §§  83'J-849. 

J  Other  hour-angles  to  those  here  given  were  first  used,  but  not  proving  of  any  practical 
utility,  tho  above  wore  substituted  for  them,  simplifying  to  some  extent  the  ultimate  cor- 
rections depending  on  these  assumptions. 
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be  taken  as  a  point  in  the  plane  of  the  earth's  equator,  set  so  that  its  hour- 
angle  is  00<0  at  commencement. 

0  is  an  ideal  whose  right  ascension  increases  twice  as  fast  as  that  of 
the  mean  moon,  and  which  is  also  set  with  0°'0  for  its  hour-angle  at  com- 
mencement. L  and  N  are  ideal  stars  whoso  rates  of  increase  of  right  as- 
cension are  respectively  greater  than,  and  less  than,  that  of  the  mean  moon,  by 
a  difference  equal  to  half  that  of  the  mean  moon  relatively  to  her  perigee. 

15.  General  Schedule  of  the  diurnal,  semidiurnal,  tordiurnal,  and  short- 
period  shallow-water  tides,  which  have  been  included  in  the  analysis,  show- 
ing speeds  in  degrees  per  mean  solar  hour,  and  periods  in  moan  solar  hours  : — 
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10.  If  t  denote  time  reckoned  in  mean  solar  hours  from  the  commencement 
of  any  set  of  observations, 


363 


REPORT — 1872. 


will  be  tho  hour-angles  of  the  ideal  stars.  Thoso  have  been  calculated  by 
successive  additions  for  each  integral  mean  solar  hour  of  tho  year,  and 
subtraction  of  360  every  time  a  number  exceeding  300  has  been  reached ; 
and  the  results  have  been  tabulated.  Preceding  each  hour-angle,  tho  num- 
ber which,  multiplied  by  15,  most  nearly  agrees  with  it  has  been  written. 
The  following  is  a  specimen  page  for  ono  day  of  the  Table  thus  formed ; — 
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254-57 

18 

267-97 

'9 

281*37 

20 

294-77 

*i      308-17 


h 
o 
I 

2 

3 
4 

6 

7 
8 

9 

10 
1 1 

12 

13 

14 

'5 

16 

17 
18 

J9 

20 

21 

zz 


O 

O'OO 

'4'73 
29-46 
44-jS 

58-91 

73-64 

88-37 

103-09 

117-82 

132-55 
147*18 

162  01 

176-73 
191-46 

206*15 
210-92 
235-65 
25<>'37 
265-10 
279-83 
294*56 
309-28 
324-01 

33*74 


MS 


h 

o 


2  30 

3  45 

4  60 

5  75 

6  90 

7  105 

8  120 

9  '35 

10  150 

11  165 

12  I  80 

13  195 

14  2IO 

15  225 

1 6  240 

'7  ^55 

1 8  270 

19  285 

20  300 

21  315 

22  330 

23  345 


h 
o 
I 

2 

3 
4 
5 
6 

7 
8 

9 

10 

10 

II 

12 
13 
14 
15 

16 

J7 
18 

19 

20 

21 

22 


o 

O'OO 

14  26 

28-51 

42*77 
57-03 
71-28 
85-54 

99'79 
114-05 
128-31 
142-56 
i56-8z 
171-08 

185-33 
199-59 
213-84 
228*10 
242-36 
256-61 
270-87 

285-13 
299-38 

3'3'64 
327-90 


o 
i 

3 
4 
5 
6 

7 
7 
8 

9 

10 
1 1 

12 

13 

H 
15 
16 

17 
18 

'9 

20 
21 
21 


O'OO 

13-98 
27-97 

41-95 

55-94 
69-92 

83-90 

97  89 
111-87 
125-86 
139*84 
'5383 
167-81 
18179 
195-78 
20976 
223*75 
23773 
251-71 
26570 
279-68 
293-67 
307-65 
321-63 


h 
O 
I 

2 

3 
4 

6 

8 

9 

10 
1 1 

12 
13 
H 
15 

16 

17 
18 

'9 

20 
21 
22 


O 

O'OO 

14-75 
29-49 
44-24 

58-98 
73-73 

88  48 
io3'^z 
117-97 
13271 

147  46 
162-21 
176-95 
191-70 
206-44 
221-19 

*35'94 
250-68 

265-43 
280-17 
294*92 
309-67 


339-16 
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2SM  SMS 


3SM 


o 

'5 

30 


75 
90 

7  105 

8  120 

9  *35 

10  150 

11  165 
12,  180 

13  195 

14  210 

15  225 

1  6  240 

17  255 

18  270 

19  285 

20  300 

ai  315 

22  33° 

*3  345 


15-51 

31*02 
46-52 
62-03 
77'54 
93'°5 

7  108-56 

8  124*06 


10  I55'°8 

11  170*59 

12  186-10 

13  201*60 

14  217*11 

16  232-62 

17  248*13 

18  263-63 

19  279-14 

20  294*65 

21  310-16 

22  325-67 

o  356-68 


h 

O 

o 

O'OO 

I 

14-24 

2 

28-48 

3 

42*71 

4 

56<95 

5 

71-19 

6 

85-43 

7 

99-67 

8 

113-90 

9 

128-14 

9 

342-38 

10 

156-62 

1  1 

170-86 

12 

185*09 

13 

199*33 

H 

2I3'57 

15 

227*81 

16 

242-05 

17 

256-29 

18 

270-52 

'9 

284-76 

20 

299*00 

21 

313*24 

22 

327-48 

h 

o 

o 

O'OO 

i 

15-25 

2 

30-51 

3 

45-76 

4 

6l'02 

5 

76-27 

6 

91-52 

7 

106-78 

8 

122-03 

9 

137-29 

10 

1  5r54 

ii 

167-79 

12 

183-05 

J3 

198-30 

14 

213-56 

'5 

228-81 

16 

244-06 

17 

259-32 

18 

274-57 

19 

289-83 

20 

305-08 

11 

3^0*33 

22 

335*59 

*3 

350-84 

17.  We  will  now  describe  the  method  of  reduction  pursued,  in  the  first- 
place  confining  ourselves  to  the  statement  of  what  was  actually  done  for 
the  year  1864  and  the  harbour  of  liumsgatc. 

A  datum-line  10  feet  below  the  previously  supposed  mean  level  was 
chosen*,  and  the  height  of  the  curves  marked  by  the  self- registering  tido- 
gauge  was  measured  from  this  datum-line  in  feet  and  decimals  of  a  foot  for 
each  integral  mean  solar  hour  of  the  year,  arid  entered  in  the  Table.  A 
period  of  369h  3h,  or  rather  more  than  a  year,  was  taken  as  being  to  the 
nearest  hour  twelve  and  a  half  lunations  or  twenty-five  periods  of  spring- 
and  neap-tides,  and  therefore  giving  a  least  possible  amount  of  influence  of 
the  mean  lunar  and  solar  semidiurnal  tides,  each  on  the  sets  of  averages  used 
in  the  calculation  of  the  other. 

This  period  has  been  used  for  the  evaluation  of  the  whole  of  the  remaining 
short-period  tide-components  contained  in  the  previous  schedule,  with  the, 
exception  of  the  elliptic  diurnal  and  semidiurnal  tides,  for  which  the  follow- 
ing periods  were  chosen  for  similar  reasons : — 

Lunar  elliptic  semidiurnal  tides  (L  and  N)  358(l  (>h. 
Lunar  evection  semidiurnal  tides  (\  and  y)  I3-JO'1  22h. 
Lunar  elliptic  diurnal  tides  (J  and  Q)  370d  5h. 

18.  These  averages  were  taken  according  to  the  following  rule  : — first  for 

the  S  tides,  twenty-four  means  of  the  heights  at  Oh,  lh,  2h, 23h  of  S  hours 

(or  ordinary  mean  solar  time)  were  taken.     Next  for  the  M  tides,  twenty- 
four  averages  were  taken  of  heights  grouped  similarly  according  to  the  M 
hours.     In  thus  averaging  for  the  M  tides  every  height  which  was  recorded 
at  a  time  within  half  an  M  hour  before  or  after  Oh  M  time  was  taken  as  if  it 
Lad  been  observed  at  Oh  M  time,  and  so  for  lh,  2h,  3h,  <Xrc.  of  the  M  time. 
The  proper  correction  on  this  was  applied  afterwards,  as  will  be  described  later 

*  The  true  mean  level  for  tho  year  1804  was  found  to  bo  10*102  aboTC  this  datum-lino, 
or  *192  of  a  foot  higher  than  was  supposed. 
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(§  24).  Other  averagings  were  performed  according  to  tho  same  rule  for  the 
K,  L,  N,  &c.  reckonings  respectively  each  averaging  giving  a  group  of 
twenty-four  means. 

]9.  The  next  stop  was  to  find  for  each  of  those  sets  of  averages  the  coeffi- 
cients A0,  At,  Bj,  A8>  Ba,  &c.  of  the  harmonic  formulae, 

A0-|-A1cos    ttJ  +  BSiu   nt 


-f  A8  cos  8/i£  -f  \  sin  8n£, 

n  denoting,  as  in  §  2,  the  rate  of  increase  of  the  hour-angle  for  each  case  ; 
for  instance  y  for  the  K  tidos,  y — <r  for  the  M  tides,  and  so  on.  The  condition 
to  be  fulfilled  is  that  the  values  of  this  formula  calculated  for  f=0,  *=1  .  .  , 
f=23  may  agree  as  nearly  as  possible,  on  the  whole,  with  the  twenty-four 
numbers  of  the  group  (the  sum  of  the  squares  of  the  differences  to  be  a 
minimum*).  The  tabular  forms  and  rules  given  by  Mr.  Archibald  Smith, 
and  published  by  the  Admiralty,  for  the  harmonic  reduction  of  the  deviation  of 
ships'  compasses,  have  been  adopted  mututis  nwtancUs,  and  have  proved  very 
convenient. 

20.  If,  instead  of  including  only  seventeen  coefficients,  A(>,  A|f  B,, 

A^,  BH,  the  calculation  had  been  extended  to  An,  Bu,  Au,  so  as  to  include 
in  all  twenty- four  coefficients,  the  calculated  values  would  necessarily  have 
agreed  with  the  twenty-four  numbers  given  by  observation.  But  there  was 
no  apparent  probability  that  any  thing  more  than  accidental  irregularities  and 
errors  of  observation  could  be  represented  by  higher  terms  than  AH,  BH,  and 
therefore  these  were  the  highest  included.  The  following  Table  exhibits  the 
results  of  this  process  for  six  series,  the  remaining  scries  presenting  similar 
features.  The  columns  headed  "differences"  preserve  the  residues,  however, 
and  may  be  referred  to  should  furl  her  btudy  of  the  subject  indicate  that  use- 
ful results  are  to  be  derived  from  them.  The  greatest  of  them  is  *055  of  a 
foot,  and  the  maxima  in  each  column  arc  only  i'roni  Jj  to  -^  of  a  foot. 


Values  of  A,,  B 

j,  AJ?  £c.,  to  first  Approximation. 

S 

K 

L 

M 

N 

0 

(r-'/) 

(y) 

(y-.'tf-.ltr) 

(y-«0 

(y  -!*+;*) 

(y--'») 

AI 

+0-0131 

—  0*20^2 

—  O-O305 

+0*0223 

+0*01  8  1 

-0*2963 

*, 

-0-0155 

—  O'O236 

—  0'OI2O 

—0*0058 

+0*0048 

+0-0687 

Aa 

+  '•5593 

-0*4540 

—  0-2276 

-4*3176 

+0*8191 

-0-0904 

Ba 

+  0-9923 

—  O'OO6  I 

+  0-2669 

-H'5°37 

-0-7342 

—0-0007 

A, 

+0-0086 

+  0*0037 

—  0*0096 

—  0-0138 

—  o*ocoS 

-0-0073 

Bj 

+  0-0004 

+  o  0015 

+  0*0-93 

+  0-0408 

+0-01  1  1 

+0-0078 

A4 

+0-0295 

—  0*0127 

-0-0457 

-0*5443 

—  0-0094 

+0*0030 

I3t 

+  0*0009 

—  OXO2I 

—  0*0927 

-0-0878 

—  O-OI22 

+0*0034 

A, 

0*0000 

—  0*0051 

—  0-0023 

+0*0032 

—  0*0013 

+  0*0022 

B, 

+0*0029 

+  0-0071 

+  0*0046 

+  0*0019 

+  0-0052 

-0*0074 

A0 

+0-0017 

—  0'0008 

—  O'O05O 

—  0-1132 

—  0*0287 

—  0-0062 

B0 

-f  0*006  8 

+  0*0027 

—0-C079 

—0*1114 

—  O'OO24 

+  0-0040 

A7 

+0*0008 

+  0*0030 

—  0*0056 

+0*0021 

—  0*0022 

-fo-0201 

Br 

+0*0046 

—  O'OOI  I 

+  0-0043 

—0-0031 

—  O-0004 

—  0*0084 

A, 

+  O*OOI  I 

+  0-0058 

—  0*042I 

+0*0295 

+o  0048 

-0-0057 

B, 

+0-0028 

-0-0033 

+  0*03I2 

—  0-0416 

—0*0001 

+0-0073 

A0 

10*1988 

10-1989 

IO-I843 

10*1992 

10-1853 

10-1971 

According  to  Laplace's  method  of  "  least  squares," 
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(r) 


Calculated. 
(1) 

II*8234 


10*2454 

9*344* 

8-6403 

8-3404 

8-5202 

9-1488 

10*0677 

11*0364 

11-7584 

11*0408 

11*8133 

11*1660 

10-2798 

9'39'8 

8-6955 

8*3844 

8-5681 

9*1166 

10*1327 

11*0908 


Observed.       Difference. 

(2)  (l)-(2) 

11*8231 
12*0976 
11*8226 
11*1528 
10*2413 

9*3386 

8-6455 

8-3371 

8-5184 

9-1539 
10*0731 
11-0268 


11-7593 

12*0420 

11-8154 

11*1607 

10*2897 

9-3870 

8-6889 

8*3886 

8*5701 

9*2153 

10*1360 

11-0874 


4-0*0003 
4-0*0016 
4-0*0029 

—  0*0114 
4-0*0041 
4-0-0056 

—  0*0051 
4-0*0033 
-j-  0*00 1 8 

—  0-0051 

—  0*0054 
4-0*0096 

—  0*0009 

—  0*0011 

—  0*0021 

4-0-0053 

—  0*0099 


4-0*0066 
—  0-0042 
—0-0019 


—  0-0033 


Calculated, 

Observed. 

Difference. 

(1) 

(2) 

(l)-(2) 

9*5336 

9'5384 

—  0-0048 

9*5944 

9*5886 

4-0-0058 

9-7901 

9*7940 

—0*0039 

10*0467 

IO-O47O 

—  0-0003 

10-2872 

IO-2825 

4-0-0047 

10*5013 

10-5077 

—  0*0064 

10*6300 

10-6250 

4-0-0050 

10-6197 

IO-6209 

—  0*0012 

10*5148 

I0*5l67 

—  0*0019 

10*3483 

10*3443 

4  0-0040 

10*1501 

IO-I538 

-0*0037 

lO'OOOO 

9-9977 

4-0*0023 

9*9408 

—  0*0023 

9-9882 

9*9840 

4-0*0042 

10*1539 

10*l62I 

—  O-OO82 

10*3705 

10-3586 

4-O-OII9 

10*5572 

IO-5702 

—  0*0130 

10*6729 

IO-6626 

4-O*OIO3 

10-6636 

IO-6673 

—  0*0037 

10-5373 

10*5408 

—  0-0035 

10*3552 

I0-346l 

4-0'009l 

10*1041 

IO'II4O 

—  0*0099 

9-8107 

9-8041 

4-0-0065 

9-6030 

9-6034 

—  0-0004 

Calculated. 

Observed, 

Difference. 

Calculated. 

Observed. 

Difference. 

(1) 

(2) 

(l)-<2) 

(1) 

(2) 

(1)~(2) 

9-8159 

9-8165 

—  0*0006 

5-2674 

5**795 

—  0*0121 

10*0343 

10-0483 

—  0-0140 

8-1397 

8*2397 

O'COOO 

10*2272 

10*2018 

4-0*0254 

12-3265 

Ji<3143 

4-0*0122 

10-4373 

10-4650 

-0-0277 

15-43^6 

I5'459i 

—  0-0205 

10-6552 

10*6341 

•4-0*0210 

16*4609 

16-4382 

+  0-0227 

10*5447 

I<>'5549 

—  0*0102 

15-8858 

15-9041 

—  0*0183 

io'3o8i 

10-3057 

4-0*0024 

14*0736 

-    14-0634 

-j-0'OI02 

10-1817 

10*1864 

—  0*0047 

n'3474 

11-3496 

—  O*OC22 

9-9976 

9-9850 

4-0*0116 

8-5247 

8*5289 

—  0*0042 

9-92?.! 

9*9460 

—  0*0139 

6-1588 

6-1519 

4-0-C069 

10*0186 

9-9894 

4-0*0292 

4*5765 

4*5841 

—  0-0076 

9-9607 

9*9846 

—  0*0239 

4-1587 

4-1516 

-j-o*oo7i 

9-9119 

9-9033 

4-0*0086 

5^398 

5-2461 

—  0*0063 

10-0811 

10*0704 

-f  0-0107 

8*1633 

8*1588 

4-  0*004  5 

10-2596 

10*2839 

-0-0243 

12'2l6l 

12*2178 

—  0-0017 

10-4881 

10*4609 

4-0-0171 

15*3376 

I5*34i0 

—  0*0034 

10*6960 

10*7134 

-0-0174 

16-4241 

16*4160 

•4-0x081 

10*5723 

10-5700 

4-0*0023 

15*922O 

15*9341 

—  0-0121 

10*3501 

10-3393 

4-0*0108 

14*1568 

14-1451 

4-0*0117 

10*2197 

10-2331 

-0-0135 

11-4504 

1  1*4566 

—  0-0062 

9*9996 

9-9911 

4-0-0084 

8-5987 

8*6019 

—0-0032 

9-9041 

9*9010 

4-0*0031 

6*1570 

6*1441 

4-ojoi29 

9-9726 

9-9838 

—0*0111 

4*5249 

4*5446 

~0'oi97 

9*8655 

9-8549 

+00106 

4-I303 

4-1112 

4-ofoi9i 
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Calculated. 

Observed. 

Difference. 

(1) 

(2) 

(1)—  (2) 

10*9849 

10-9688 

4-0-0161 

I0*5382 

10-5528 

—0*0146 

10*0146 

10-0059 

4-0-0087 

9-4882 

9-4898 

—0*001  6 

9*13I4 

9-1350 

—0-0036 

9-1141 

9-1095 

4-0*0046 

9-3896 

9-3920 

—0*0024 

9*8195 

9-8203 

-0-0008 

10-3658 

10-3630 

4-0*0028 

10*9264 

10-9284 

—  0"O02O 

11-2698 

11-2707 

—  O-0009 

11*2642 

11*2602 

4-0*0040 

I°'9573 

10-9627 

—  0-0054 

10*4766 

10-4723 

4-0-0043 

9*9446 

9*9460 

—  0-0014 

9*4472 

9'4479 

—0-0007 

9*1166 

9-1163 

4-0-0003 

9*1059 

9-1028 

4-0-0031 

9-3910 

9-3987 

-00077 

9-8357 

9-8248 

4-0-0109 

10-3834 

10-3934 

—o-oioo 

10*9362 

10*9320 

4-0-0042 

11-2746 

11-2701 

4-0-0045 

11-2714 

11-2833 

—0-0119 

(r-w) 

-,  ---  -  -«- 

Calculated. 

Observed. 

Difference. 

(I) 

(2) 

(1)—  (2) 

9-8166 

9*8427 

—0-0261 

9-8354 

9*8278 

4-0-0076 

9-9348 

9-9300 

4-0*0048 

10-0573 

10-0630 

-0-0057 

10-1567 

10-1549 

4-o-ooiS 

10-2547 

10-2565 

—0-0018 

10-3529 

10*3448 

4-0*0081 

10-4185 

10*4312 

—  0*0127 

10*4357 

10*4260 

4-0-0097 

10-4499 

i°*45'5 

—  0*0016 

10*4696 

10-4704 

—  0-0008 

10-4270 

10-4348 

—  0*0078 

10-3790 

10-3569 

4-0-0221 

10-4114 

10-4368 

—  0*0254 

10-4014 

10-3937 

4-0*0077 

10-3101 

10-2850 

4-0'025I 

20-2987 

10-3500 

-0-0513 

10-3189 

10-2643 

4-0*0546 

10  2291 

10-2642 

-0*0351 

10-1271 

10-1163 

4-O*OIo8 

10-0589 

10*0606 

—  0-GOI7 

9-9363 

9*9238 

4-0-0125 

9-U322 

9*8620 

—0-0298 

9-8190 

9-7823 

4-0-0367 

21.  In  the  averages  for  any  one  of  the  S,  K,  L,  M,  N,  0,  &c.  tides  ex- 
plained above,  the  influence  of  each  of  the  others  is  nearly  eliminated  because 
of  the  greatness  of  the  number  of  periods  (roughly  360  and  720)  of  each  in 
the  scries  of  observed  heights  included  in  the  summations.  The  choice  of  the 
approximate  period  36 (Jd  3h,  as  explained  above  (§17),  makes  as  little  as 

TABLE  OF  COMPARATIVE  MEAN  $OLAR  AND  MEAN  LUNAR  HOURS. 


^ 

Hour  M(y-a), 

si 

0 

i 

2 

3 

4 

5 

6 

il8 

9  I  10 

li 

12 

13 

H 

'5 

16 

17 

18 

19 

20 

21 

22 

23 

0 

16 

M 

16 

n 

16 

H 

17 

15 

16 

16  16'  17  15  17 

75~ 

17 

IS 

17 

14!  16 

'4 

J5 

15 

H 

I 

15 

15 

15 

14 

'5 

15 

16 

15 

17 

15  17 

16 

16 

16  16 

16 

16  16 

H 

16  14  16 

2 

'3 

16 

H 

15  1  15 

16 

H 

16 

15 

15 

17 

15 

17  i  15 

16 

17 

15 

17 

14  16  ,  14 

16 

3 

14 

15  14  16 

14 

15 

n; 

15 

16 

'5 
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possible  of  the  mutual  influence  of  the  two  largest  tides,  the  lunar  and  solar 
semidiurnal  tides,  in  the  two  averagings  performed  to  determine  these  two 
tides.  But  the  incommensurability  of  the  periods  renders  it  impossible  to  al- 
together escape,  in  the  direct  synthesis  for  any  one  tide,  the  influence  of  the 
others.  Accordingly,  the  coefficients  A1?  B15  &c.,  shown  above,  are  to  bo 
regarded  as  first  approximations  in  the  mathematical  solution  of  the  problem. 
The  next  step  followed  was  to  find  corrections  upon  each  summation  for  the 
influence  of  the  tides  determined  by  the  other  summations,  these  corrections, 
for  a  second  approximation,  being  calculated  on  the  supposition  that  the  first 
approximate  values  of  A1?  1$^  A2,  &c.,  already  found,  are  correct.  Auxiliary 
Tables  for  performing  this  process  have  been  formed  for  use  along  with  the 
other  Tables  (one  being  given  as  a  specimen,  p.  367) ;  but  the  ultimate  correc- 
tions found  from  them,  after  very  considerable  labour,  affected  the  terms  which 
represent  genuine  tide -components  in  so  small  a  degree  that  their  use  has  since 
been  discontinued.  The  S,  K,  L,  M,  N",  and  0  tides  for  Itamsgate,  1864,  were, 
however,  so  corrected,  and  the  corrections  thus  formed  are  here  given. 

22.  The  corrections  are  to  be  subtracted  from  the  values  of  Ax,  fy,  Aa,  &c., 
to  first  approximation,  and  are  as  follow : — 

Table  of  Corrections  of  the  6  x  16  Coefficients  At,  Blt  &c. 


S 

K 

L 

M 

N 

0 

(y__^) 

(y) 

(y  —  ^fl.  —  ^-g, 

r)                 (y—^) 

(y—^-j-^^ 

(y—  2<r) 

At 

—  '0025 

—  •0002 

—  *002I 

4-0087 

—  '0151 

—  •0032 

B, 

4-OOI5 

4*oooi 

—  -0050 

—  •0003 

4-0032 

4-0056 

A, 

—  •00l8 

-•0313 

4-0065 

—  -0009 

4-*oo93 

-•0188 

B, 

—  '0104 

4*0105 

-•0338 

-4*0033 

4'oioi 

—  *ooo8 

A, 

4-*ooo9 

4-  -008  7 

-•0074 

—  •0025 

—  -oooi 

—  •0063 

—  -0004 

-•0074 

4*OI52 

—•0015 

4-0044 

-f  -0032 

A, 

—  '0005 

4-0043 

4*0067 

—  *OOOI 

4*0015 

—  '0046 

BI 

—  •0013 

4*0026 

—  '0041 

—  •0013 

4-0016 

—  •0003 

A, 

4*0105 

—  'OIOI 

4-0037 

4'OO09 

—  -0052 

4*  '0024 

3*3 

—  •0184 

4-0075 

4*0020 

—  -OOI4 

4-0088 

—  •0109 

A6 

—  •0198 

4-0012 

—  "OOII 

—  *OOO7 

—•0004 

—  •0097 

Bfl 

—  '0042 

4-0009 

4-0017 

4*0017 

—  •0020 

—  -0067 

A7 

—  •0030 

-f-oo39 

-•0145 

—  *0002 

4-  -0021 

4*ooS6 

BT 

—  •0035 

-"-•0042 

4-0014 

—  •ooio 

—  •0031 

—  •0103 

A, 

4*0002 

—  -0009 

—  '043  1 

4*OO05 

4--ooo8 

4-  -0029 

4-*oooi 

4*0064 

4*0362 

—  -OOI4 

—  •ooio 

—  •0030 

Values 

of  AI}  Blf 

Aa,  &c.,  to 

second  Approximation. 

S 

K 

I, 

M 

N 

O 

(y-v) 

(y) 

(y~~~i<r~~'2  <w 

)     (y-«0 

(y—  f<T4l'Br) 

A, 

40*0256 

—0-2050 

—0-0284 

40*0136 

40-0332 

-0*2931 

•"I 

—0*0270 

-0-0237 

—0*0070 

-0*0055 

4"O*ooi6 

40*0631 

A2 

41-5616 

—0*4227 

-0-2341 

—4*3167 

40*8098 

—0*0716 

B, 

41*0027 

—  0*0166 

40*3007 

44-5004 

-0-7443 

.  40*0001 

A, 

40-0077 

—  0*0050 

—0*0022 

—0-0113 

—  0*0007 

—  O'OOIO 

40*0008 

40*0089 

—0-0059 

+0*0423 

40*0067 

4-0*0046 

A4 

40*0300 

—  0*0170 

—0-0524 

-0-5442 

—  0*0109 

40*0076 

B4 

40*0022 

—  0-0047 

—0-0886 

—0*0865 

—0-0138 

40*0037 

A, 

—0-0105 

4-0*0050 

—0*0060 

4-0*0023 

40*0039 

—  0*0002 

BS 

4"O'O2I3 

—  0-0003 

40*0026 

40-0033 

—  0*0036 

40*0035 

A, 

40*0215 

—  0*0020 

—0*0039 

—  0*1125 

—0-0283 

4-0*0035 

*« 

4o*oiio 

40*0018 

—  0*0096 

—  0*1131 

—0*0004 

40*0107 

Ar 

4-0*0038 

—  0*0009 

•4-0*0089 

40*0023 

-0-0043 

•40*0116 

B, 

-j-o'ooSi 

—  0*0053 

40*0029 

—  0*0021 

4-0*0017 

4-0-0019 

Aa 

-\  0*0009 

4-0-0067 

4o*ooio 

40*0290 

4-0*0040 

—0-0086 

Ba 

40*0027 

—  0*0097 

—  0*0050 

—  0*0401 

4.  0*0009 

+0*0103 

A0 

10*1988 

10*1989 

10*1843 

10*1992 

10-1853 

10*1971 
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^  23.  The  values  A2,  B2  in  columns  S  and  M  express  the  mean  solar  semi- 
diurnal and  mean  lunar  semidiurnal  tides. 

Aa,  B2  of  column  K  express  the  luni-solar  decliuational  semidiurnal  tide. 

A.^B2  of  columns  L  and  N  express  two  constituents  of  the  lunar  elliptic 
semidiurnal  tide. 

Aa,  B2  of  column  0  express  zero  tolerably  well*. 

Aj,  Bj  of  columns  K  and  0  express  tho  two  constituents  of  the  lunar 
diurnal  tide. 

Ax,  Bx  of  column  S  express  one  constituent  of  the  solar  elliptic  diurnal 
tide. 

Ap  Bt  of  column  !M  express  one  constituent  of  tho  lunar  elliptic,  diurnal 
tidef. 

Al9  Bj  of  columns  L  and  N  possibly  depend  on  tho  elliptic  lunar  diurnal 
tides,  but  will  no  doubt  be  found  a  better  approximation  to  zero  when  cal- 
culated by  the  average  of  several  years.  Tliere  is  no  tide  corresponding 
strictly  to  them. 

A3,  B,  are,  as  they  ought  to  be,  very  good  approximations  to  zero  in  all 
the  columns  except  M,  Their  values  in  this  column  constitute,  probably,  a 
genuine  expression  of  the  terdiurnal  lunar  tide  [not  included  in  the  pre- 
ceding general  schedule  (§  IJ)  but  referred  to  in.  §  4],  investigated  by 
Laplace  as  depending  on  the  fourth  power  of  the  moon's  parallax, 

At,  B4  express  shallow- water  tides  J  derived  from  the  lunar  semidiurnal 
tide,  according  to  precisely  the  same  dynamical  principle  as  that  by  which 
Ilelmholtz  has  explained  the  overtones  generated  in  very  loud  sounds,  even 
when  tho  source  of  the  sound  is  a  simple  harmonic  motion.  There  ought  to 
be  no  sensible  tide  expressed  by  A4  and  Bt  in  column  L  ;  and  the  comparative 
largeness  of  these  numbers  is  probably  an  accident,  owing  cither  to  errors  of 
observation  or  the  imperfection  of  the  system  of  combination  adopted,  or  a 
chance  concurrence  of  disturbance  due  to  wind  <5cc. 

A5,  B.  in  almost  every  column  approximate  remarkably  well  to  zero ;  and 
even  their  greatest  values  (those  of  column  8)  express  merely  a  deviation 
of  -J-jj-  of  a  foot  (or  0*3  of  an  inch)  on  each  side  of  tho  mean  level. 

Afl,  B()  may  be  considered  as  insensible  for  every  column  except  M,  for 
which  they  express,  as  they  ought  to  do,  an  undoubtedly  genuine  shallow- 
Water  tide,  being  the  second  harmonic  (as  it  were  overtone)  of  the  lunar 
semidiurnal  tide. 

A7,  B7  are  very  good  approximations  to  zero  in  all  the  columns. 

AK,  BH  in  column  M  express  probably  a  genuine,  though  very  small, 
shallow-water  tide,  the  third  harmonic  of  the  lunar  semidiurnal  tide.  There 
is  a  very  good  approximation  to  zero  in  all  of  the  other  columns. 

It  is  interesting,  witli  reference  to  the  mode  of  reduction  which  has  been 
adopted,  to  remark  to  how  nearly  zero  the  comparatively  large  values  of 
A,,  B7  in  column  0  and  As,  BH  in  column  L  of  tho  iirst  approximation  are  re- 
duced by  the  corrections  found  in  the  second  approximation  explained  above. 

24.  Selecting  from  the  preceding  Table  the  coeflu-ieuts,  which  are  each 
probably  a  genuine  tide,  and  applying  the  proper  corrections  (Kverett,  Hoy. 
Soc.  Edin.  Trans.  1800),  which  arc  the  following : — 

*  There  being  no  theoretical  lido  of  the  period  corresponding  to  thorn. 

t  Being  the  resultant  of  the  two  whoso  spnccls  arc  y  —  or+'w  and  y  —  a  —  or,  inasmuch 
fis  for  a  single  year  tho  c fleet  of  the  jrw  may  bo  neglected. 

|  It  is  this  term  that  makes  the  whole  resultant  tide  rise  faster  than  it  fulls,  as  is 
generally  observed  in  estuaries  and  other  localities  separated  from  the  oceans  by  consider- 
able spaces  of  shallow  water. 
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Augmenting  factor. 

Aj,Bt  *ooaS 

A2,B2  -0115 

A3,B,,  '0262 

A4fBj  -0472 

Ac,B(t  -1107 

A8,  B8  -2092 

to  take  account  of  tho  circumstance  that  the  mean  height  for  each  hour  has 
been  taken  virtually  for  the  height  at  the  middle  of  the  hour,  we  find  cor- 
rected valuearfor  the  coefficients  (A,  B),  from  which  wo  have  the  following 
amplitudes  and  epochs,  according  to  notation  of  §  3 : — > 


Rainsgatc,  18G4, 


S 

0-0373 
1-8772 

0-0315 
0-0268 


K 

(r) 

0*2070 

i86°-6o 
0-4279 


0*3856 


M 

0*0145 
6-3078 
0*0448 
0-5771 
0-1771 
0-0599 


N 


1-1126 


O 

0*3008 


25.  The  hour-angles  of  tho  ideal  stars  having  been  assumed  to  be  each 
equal  to  zero  at  the  commencement  of  the  observations,  the  previously 
found  epochs  (e,,  e2,  &c.)  have  to  be  corrected  for  this  assumption  in  order 
that  tho  tide-components  may  be  referred  to  the  true  positions  of  the  ideal 
stars.  The  correction  to  be  added  to  the  epoch  of  the  diurnal  tides  will  be 
equal  to  the  true  hour-angle  of  the  ideal  star  at  the  commencement  of  the 
observations.  In  the  semidiurnal  the  correction  will  bo  equal  to  twice  the 
hour-angle,  for  the  terdrurnal  three  times,  and  so  on.  The  longitudes  of 
the  sun  and  moon  and  of  the  lunar  perigee  used  in  getting  tho  true  hour- 
angles  will  necessarily  be  their  mean  longitudes.  In  addition  to  the  above 
six  series,  others  have  since  been  analyzed  and  included  in  the  schedule. 
The  amplitudes  and  the  corrected  epochs  of  the  whole  arc  as  follow : — 


Yr.i864.  A0* 
S 


io-i988ft.  Average  inclination  of  moon's  orbit  to  earth's  equator  (I)  «=2O° 
M  L  N  MS  2SM  SMS 


B2 

1-8772 

6-3078 

0*385 

** 

3a°'7o 

339°'43 

!R3 

0-0448 

•  •»  . 

f3 



53°'39 

E, 

0-0315 

0-5771 

F4 

4-19 

240°'27 

^fl 

0*0268 

0*1771 

ffl 

27^-04 

I220tOO 

*l 



0-0599 

r  1126 
3io°'3i 


0-1445 


0-3332 


0*0276 
335°'°3 
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K  °  I*  X  v 

(y)  (y-2<r)  (r-2^)  (r~^4-Jw-^)  (y-f^- 

IIL          0-2070  0-3008          0-0730 

Fi        ioo°75  99°-34  a6z0'5g  ^^  ]"//.[  [['m\\\ 

R->          °'4279  ............  0-1735  0-3526  0-2639 

c*  I0  '55  ............  i69°-97  3z8°-o5  83°'79 

2G.  In  the  determination  of  the  long-period  tides  the  mean  height  of 
the  tide  for  each  solar  day,  i.  c.  the  mean  of  the  twenty-four  hourly  heights 
ira  originally  taken  from  the  diagram-sheets,  must  he  taken.  This  will  give 
3G5  means  in  an  ordinary  year  ;  in  leap  year  the  last  mean  must  be  disre- 
garded, the  subsequent  equations  being  adapted  for  only  365  means.  It 
will  be  necessary  to  clear  the  means  thus  obtained  of  all  undue  lunar  in- 
fluence, inasmuch  as  the  periods  of  the  lunar  tides  arc  not  commensurable 
with  the  solar  twenty-four  hours.  In  practice  the  tide-components  evaluated 
from  the  series  named,  for  brevity,  M,  IN",  and  O  are  generally  found  to  be 
the  only  ones  which  have  any  sensible  effect*  The  necessary  correction  to 
be  applied  to  these  means,  on  account  of  the  semidiurnal  tides  of  M  and  N,  is 

IT     sin  12/i  ,~  . 

X  -,-  —  x  cos(2n*—  e,), 
24      sin  \n 

and  for  the  diurnal  tide  of  0 


whore  nt  is  the  hour-angle  of  the  ideal  star  at  the  time  corresponding  to  the 
mean  of  the  times  for  which  the  heights  have  been  given.  If  the  observa- 
tions of  the  tide-heights  have  been  commenced  at  noon,  then  the  mean  of  the 
times  for  the  first  day  will  correspond  to  11  ±  hours  of  that  day.  The  values 
of  (wf—  €)  for  each  ideal  star  (M,  Tsr,  and  0)  having  been  found  for  11*  hours 
of  the  first  day,  then  the  values  for  succeeding  days  will  be  found  from  those 
of  the  first  day  by  addition  of  the  respective  daily  variations  of  nt.  Tho 
first  part  of  the  formula  will  form  a  constant  for  each  tide,  and  the  correc- 
tions are  found  by  multiplying  these  constants  into  the  cosines  of  the  re- 
spective values  of  (nt—  e).  The  mean  height,  minus  the  sum  of  these  correc- 
tions, will  give  the  purified  mean  for  each  day.  The  next  step  is  to  take 
the  mean  of  the  lilu'}  purified  daily  means,  and  to  subtract  the  purified  daily 
mean  of  each  day  from  the  mean  height  thus  found.  This  will  give  3(>5  small 
differences  (termed  hereafter  c/0,  and  it  is  on  these  differences  that  the  cal- 
culation for  the  long-period  tides  is  based. 

27.  The  value  of  Ik  for  each  day  is  assumed  equal  to  the  following 
formula  :  — 

£/t:=      A  cos  ((7  —  &i}t  -|-Bsiii(tr  —  •GJ)£ 

4-C  cos  2,7  1          -4-D  sin  2at 

+  C'  cos  2(<7—  ij)<  +  1)'  sin  2(tf  —  ij)£ 

-f  E  cos  r]t  -f  F  sin  rjt 

-f  G  cos  ^}t  -fli  sin  2qf, 

in  which 

A  and  E  express  the  coefficients  of  the  lunar  monthly  elliptic  tido, 
C     „    J)  „  „  lunar  fortnightly  declinational  tick*, 

C'    „    I)'  „  ,,  lunisolar  synodic  fortnightly  tide, 

K    „   Y  „  ,,  solar  annual  elliptic  tide, 

0    „   II  „  „  solar  semiannual  declinational  tide. 

2c2 
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The  equations  are  solved  by  the  mothod  of  least  squares — thatis,  the  values 
of  S.7i  are  multiplied  by  the  respective  values  of  003  (<r— tz)t,  siu  (V— w}t, 
cos  2frtf  siu  2yt,  ifec.,  and  the  products  added  together.  The  left-hand  compo- 
nents often  equations  are  thin  formed.  The  right-hand  components  will  bo 
constant  for  each  year— that  is,  on  the  assumption  that  the  value  of  nt  is  0°-0 
at  the  commencement  of  the  year.  The  following  formulas  have  been  calcu- 
lated, giving  the  values  of  the  coefficients  for  the  right-hand  components  of 
the  equations  on  the  above  assumption : — 
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28.  These  equations,  solved  by  successive  approximations,  give  the  follow- 
ing values  of  the  coefficients  for  Kamsgate,  1864:-  — 

ft. 

B  =  +o*oj°6  }  the  coefflcicniB  for  tlie  lunar  monthly  tide  (elliptic). 
E  =    0-0316    €=69°*78. 

J)  =io-o2^  I  tjie  cocfficicnt8  for  tlic  hmar  fortnightly  tide  (declinational). 
E  —     0-0331     e=560<83. 

C'==-  0*0815  1  thococmcicntsfor  thclunieolar  fortnightly  shallow-water  tide  (synodic). 
1)  =  —  0*0500  J 

E-  =     0*0960     c  =  2ii°*93. 

E  =  —  0*0367  1  tjio  Cocf*flcient9  for  (}1C  poiar  annual  lido  (elliptic  and  meteorological). 
Jb  =  —  0*1210  J 

Jl  =     0*1270    f  —  253°'20. 

G  =  -f  0-0225  1  the  coefficients  for  the  solar  semiannual  tide  (dcclinational  and  mcteoro- 

II  =+0*0713  J      logical?). 

E,  =     0*0748     €  =  72°*48. 

20.  The  epochs  of  these  long-period  tides  have  also  to  he  corrected  on 
account  of  their  phases  having  heen  each  assumed  equal  to  zero  at  the  com- 
mencement of  the  ohscrvations,  or,  more  strictly,  at  the  time  corresponding  to 
the  mean  of  the  first  twenty-four  hourly  observations.  The  amplitudes  require 
no  augmentation.  The  amplitudes  and  corrected  epochs  are  as  follow:  — 

Long-period  Tides. 

n  2,, 

ft. 

0-0748 

288°*02 

The  reduction  of  the  Eamsgatc  observations,  so  far  as  at  present  discussed, 
consists  in  the  analysis  of  the  year  18H4  only. 

30.  A  scries  of  tide-records,  taken  near  the  entrance  of  the  George's 
Pocks,  Liverpool,  has  been  supplied,  on  application,  by  the  kindness  of  tho 
Board  of  the  Mersey  Dock  Estate.  The  heights  through  about  twelve  hours 
each,  during  a  few  interruptions  in  the  tide-curve  (caused  by  the  accidental 
stopping  of  the  clock  &c.),  have  been  inferred  from  the  tide-diagrams  of  tho 
self-registering  tide-gauge  at  Helbrc  Island,  at  the  mouth  of  the  Dee. 

The  following  years  have  been  selected  and  analyzed  in  a  manner  quite 
similar  to  that  previously  described  for  Ramsgate.  It  should  have  been 
stated  that  the  epochs  of  the  tide-components  for  Eamsgate,  Liverpool,  and 
also  for  Portland  Breakwater,  hereafter  described,  have  been  referred  to  tho 
meridian  of  Greenwich,  Greenwich  mean  time  having  been  used  in  tho 
records  of  the  observations. 

31.  Liverpool  (Lat.  53°  40'  IN".,  Long.  Oh  ^Om  AY.  of  Greenwich). 
Year  ...  1857-58.     1858-50.     1859-  CO.     18C6-G7.     18G7-C8.     1808-69.     18G9-70. 

'"  ft.  ft.  ft.  ft.  ft.  ft.  ft. 

A  =     16-719*        16*8208        16-8289        16-8998        I7*o86z        17*4877 
1*°=        z8°-  27°*  27°'o  i8°*4  i8°'4  '9°'3 


Speed  

(<r—  tr) 

2(f 

2((r-77) 

n 

ft. 

ft, 

ft. 

ft. 

B 

0*0316 

0-0331 

0*0960 

0*1270 

€ 

45^-09 

2680<29 

2070-85 

i8o°'97 

*  I  is  tho  average  inclination  of  the  Moon's  orbit  to  the  Earth's  equator,  or  the  rocwi 
maximum  declination,  for  the  period, 
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KEPOKT — 1872, 
S.    Speed  of  semidiurnal  2(y — »?). 


1857-58. 

1858-59. 

1859-60. 

1866-67.      1867-68. 

1868-69. 

1869-70. 

Be; 

69-93 

0-0696 
59-78 

0*0844 
S^'SS 

0*0470          0*0349 
39°-o4          66°*i8 

0*0399 

10I°'28 

0-0276 

I24°'3S 

^ 

3*2149 

^o'lt 

io°*o8 

3*yo4          3-0990 

3*1217 
n°-88 

i3°0-63 

\ 

3M°£i 

0*0600 

0*0476 
»94°73 

0-0475          0*0678 

0*0640 
298°*49 

0-0508 

M,    Speed  of  semidiurnal  2(y  —  <r). 

JL.                              .                                                                            -_..._... 

1857-58. 

1858-59. 

1859-60. 

1866-07.      1807-68. 

1868-69. 

1809-70. 

*; 

0-0192 

0-0626 

0-0092 

0*0396          0-0194 

0*0603 

322°'82 

0-0841 
3i7°-i8 

Ba 

9-6745 

9*81*14 

9-8930 

10-2713        10*2648 

IO'I2IO 

10-1443 

^ 

0-1053 
33o°-6o 

0-0984 

0-^525 

0*0862               OT022 

335°*27         327°'43 

0-II58 

0-1014 

*; 

0-6847 

0-6573 
217°  68 

0-6371 

221°  30 

0*7648           0*7238 

O*7Ol8 

0*7196 

B« 

0-1812 

0*1887 

0-2093 

3430>I7 

0*2057           O-I936 
343°  80        348^52 

0-1888 

0-2200 

3°'47 

R8 

0-0582 

0*0808 

0-0658 

0*0667          0*0670 

0*0665 

0*0770 

*<* 

a62°'38 

a78°*i7 

*59°'39 

28z°*o9        28o°*89 

295°-6o 

293°'5o 

1857-58. 

MS. 

Speed  (4y-2(T-2ij). 

1858-59. 

1859-60. 

1866-07.       1807-OS. 

1868-69. 

1869-70. 

^1 

0-4379 

0*3488 

0-3879 

2  70°  -49 

04635           °'4J53 

0*4080 
269^-15 

o*3957 
272°  96 

2SM. 

Speed  2(y+<r-2»;). 

JL 

1857-58. 

1858-59. 

1859-60. 

1860-67.      1807-68. 

1868-09. 

1869-70. 

B. 

0*1346 

206°'I2 

2i6°-66 

0-1466 

0*1390           o*i  163 

222°'O6            224°'O5 

0-1402 

0-1206 

3MS. 

Speed  (4y-6«r+2-7). 

1857-58. 

1858-59. 

1859-00. 

1800-67.      1807-08. 

1808-09, 

1809-70. 

^ 

0-0063 

0*0212 

0-0185 
*9°'94 

O'O2IO               0*0313 

0-0495 

0*0140 

X.     Speed  of  semidiurnal  (2y). 

1857-58. 

1858-59. 

1859-60. 

1866-67.      1807-68. 

1868-69. 

1869-70. 

*; 

0-3930 

283^-95 

0-3978 
2830*o8 

0-3853 
273°  18 

0-3278          0*2939 
2Si°-6o         z89°-i5 

0*3116 

0-3404 
293°  88 

B! 

1-1850 

1*2742 

1*0995 
349°'6i 

0*6336          0*7701 
9°-o3           13-39 

0-7346 

0*7882 

0. 

Speed  (y-2<r). 

1857-58. 

1858-59. 

1859-00. 

1800-07.      1867-68. 

1808-09. 

1809-70. 

*ll 

0*4410 
3i6°-69 

0-4136 

3i60-z8 

3??o?J? 

0*3058          0-2694 

o'3374 
3oi°-88 

0*3214 

TIDAL  OBSERVATIONS, 
T.    Speed  (y-2*;). 
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1857-58. 

1858-59. 

1859-00. 

1806-67.      18(57-68. 

1868-09. 

1809-70. 

R!      0-1250 

0-1339 

0*1306 

0-1409          0*1357 

o'iQ333 

0*0935 

<.,  ioi-9s 

ios°7S 

98°'6i 

88-43         1090*17 

L.    Speed  (2y—  <r—w). 

1857-58. 

1858-59. 

1859-00. 

1800-07.      1867-08. 

1868-09. 

1869-70. 

Ka      0-5069 

07849 

o'3459 

0-6015          0-5842 

0-5129 

0-4671 

*,     '57°'93 

i68°-9i 

I440'51 

J24°-o8         1510-5, 

I59°'39 

j5i°-9» 

N.    Speed  (2y-3tr4"w). 

l<sr>7-r>8. 

1858-59. 

isr>9~oo. 

1800-07.       18G7-G8. 

18()8-09 

.     1869-70. 

R2      i  -8608 

1-7607 

1*9716 

2-1608           1-9124 

1-8307 

1-8917 

€2     3Q3Q'S2t 

308-72 

3o3°-98 

3oi°-59         3o8°-i4 

3°70t39 

3o5-o6 

E,.    Speed  (2y  —  77). 

TI     A 

T.     Speed  (2y-3/,). 

1857-58  &  1858-59.  1858-59  &  1359- 

00.  1857-58  &  1858-59.  1858-59 

&  1859-00. 

K2                0-1006 

0-08  1  8 

0-3490 

O" 

1208 

ea             i460-45 

146^-60 

67^-97 

3( 

$°78 

X.     Speed  (2y-<r+ur-2ij). 

1857-58. 

1858-59, 

1859-00. 

18(>0-07.       1807-08, 

1868-0-). 

1809-70. 

Ba      0-409  1 

0-2262 

0-1165 

0*2369          0*2166 

0-1977 

0*1913 

ea     Hi°-68 

I340'46 

I9i°-o8 

J75°'95         i8o°-68 

I38°'54 

J32°*l6 

v.    Speed 

(2y_3ff-v+2,). 

1857-58. 

185S  59. 

1859-00. 

180(3-1)7.      18r>7-08. 

18tJ8-(i9, 

1809-70. 

E       0-7423 

0-6303 

0-2841 

0*7182         0-5051 

0*1423 

0-6912 

e,     3o7°-9i 

284-01 

261-09 

378-4.3         467°-4z 

3u°-5z 

33*°V 

;/,  or  2MS. 

Speed  2(y-2ff  f»;). 

1857-58. 

1858-59. 

18:>9-00. 

LS()()-07.       1807-08. 

1808-09. 

1809-70. 

R3      0-2860 

0-2259 

0*3076 

o'-z$6i           0*2278 

0*2576 

0*2^303 

*I       3i°7* 

42°  -04 

3*°-SS 

32^-42           3i°'94 

6,}°'2O 

39°*64 

32.  The  analysis  of  the 

lonpf  -period  tides  of  Liverpool 

has  at  present  been 

limited  to  the 

first  four 

of  the  seven  selected  years. 

The  results   are  as 

follows  :  — 

Speed 

(ff—w) 

2rr 

2((T-?/)                         1 

i) 

k)f. 

1857-58.  | 

'  li      0-046 
e      289°'4 

0-093 

i7o°7 

0*068               0-359               0*090 
1  11°  8             2o<j°-6             I440'1 

1858--59.  { 

"E/      0-198 
.•       3i°6 

0-0^37 

0-020               0*284               0*104 
32S°'5             as8°7             269°  6 

1869  -60.  | 

"R      0-152 
.e       I72°'8 

0*024 

0*079               o1 

'353               o'^o 
3°*4             ii2°*3 

1800-67.  | 

fU      0-072 

0*036 
340^-6 

0-053               0-452 

0-185 

L2S°*7 

376 
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33,  The  agreements  between  the  analyzed  amplitudes  and  epochs  for  the 
whole  of  the  short-period  tides  are,  on  the  whole,  satisfactory.     The  chief 
discordances  occur  between   tho  evaluated  quantities  of  the  lunar  elliptic 
semidiurnal  tides  L,  N ,  X,  and  v.     It  is  extremely  probable  that  a  period  ex- 
tending through  two  entire  years  would  give  a  much  better  agreement 
between  these  quantities,  the  period  being  more  nearly  commensurable  with 
the  majority  of  the  chief  tides,  the  period  at  present  selected  eliminating 
only  that  of  the  mean  lunar  semidiurnal  (M)  tide.     The  values  of  the  mean 
sea-level  show  a  general  increase,  although  the  value  deduced  for  1868-09 
stands  out  prominently  from  those  deduced  for  the  preceding  and  following 
years.     This  uncertainty  will  affect  sometimes,  to  a  considerable  amount,  tho 
prediction  of  tide-heights  from  a  fixed  datum,  although  such   results  are 
better  and  more  intelligible  than  predictions  reckoned  from  low  water  of 
ordinary  spring-tides. 

34.  Through  the  kindness  of  Prof,  J.  E.  Hilgard,  of  tho  United  States 
Coast  Survey  Office,  three  years'  tidal  observations,  taken  at  Fort  Point 
(lat.  37°-67  N.,  long.  8M5  W.  of  Greenwich),  San  Francisco  Bay,  California, 
were  received  and  analyzed,  with  tho  following  results : — 


Year  ...  1858-50. 
ft. 

I°=     28°*0 


1850-00. 
ft. 

8-2651 
26°  9 


1800-01. 
ft. 
8*1608 


S.    Speed  of  semidiurnal  2(y  -  >j).  M.     Speed  of  semidiurnal  2(y-<r). 


1858-50.  1850-00.  1800-01. 

0*0146  ycrysmalL  very  small. 

an°-96  

0-4067  0*3802  0*3824 

334°'24  335°'So  3360<45 


very  small,  very  small,  very  small. 


1858-50. 
0*0539 
46°*3o 

1*6694 

33o°-8i 

very  small.       very  small,    very  small. 


1859-00.  1800-01. 

o'oSoS  0*0863 

i890-37  32°-7I 

1-6215  *'6645 


0*06  1  6 


0*0698 
n°-i5 


1858-50. 
Elt  0*0248 

c,          £2«'33 


MS.     Speed  (4y-2<r-277). 

1860-OL 


1850-00. 
0-0325 


0-0315 

22°*8l 


B, 


K.     Speed  of  semidiurnal  (2y 


1858-50. 

1850-00. 

1800-01. 

1-3370 

i'3o36 

I900t88 

1-2925 
i88°-55 

0-1/59 
326-65 

0-1716 
3H0'53 

0*1^351 

O.     Speed  (y-  2  a). 


1858-50.      1850-00. 


0-8917 


0-8511 


1800-01. 
0-8784 


P.    Speed  (y-2r;). 


1858-50. 
0*3672 


1850-00. 
0*3659 


1800-0. 
0*3869 


TIDAL  OBSERVATIONS. 

L.     Speed  (2y-<T-<ar).  N.     Speed  (2y-3<r+w). 
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1858-59. 
°'°59r 


1859-60. 

0*0370 


1800-01. 

0*0506 

I7o°*i6 


1858-59. 
3030*46 


1859-00. 

°'3494 

3°5°*53 


1800-61. 
°'3545 

302°*5I 


R.     Speed  (2y-,,). 

^ A 

1858-59  and  1859-60. 
H,        0*0076 


A.     Speed  (2y~(T-f -ar-2?/). 


T.     Speed  (2y-3g). 

1S58-59  and  1859^00. 
K,,        0*0142 

<-;    2770-90 

i'.     Speed  (2y-3»r— arH-2/y). 


1858-59. 

0*0372 

i83°-3o 


1859-00. 

0*0275 


1800  01. 

O'OIZI 

144-18 


1858-59. 
0-1044 


1859-00.       1800-01. 
0-0387  0*0437 

349°'59 


ft  or  2MS.     Speed  2(y-LV-H). 


1858-59. 

1859-00. 

1800-01. 

K;    0*0257 
*j   254°'34 

0*0311 

0*0252 

J. 

Speed  (y-fff— 

•w). 

Q.  6 

Ts58-59. 

1858-59. 

1859-00. 

1800-01. 

0*0819 
2i3°'98 

0-0376 
208°  -29 

0*0565 
i83°'40 

0*1706 
353°'°3 

Speed  (y  —  2 

1859-00. 
0*1056 


1800-61. 
0-1332 


35.  Hero,  again,  wo  have  an  abrupt  diminution  in  the  height  of  mean  levol 
for  the  first  two  years,  which  the  following  extract  from  a  letter  received 
from  Prof.  J.  E.  Hilgard,  fully  explains : — 

"  The  change  in  the  mean-level  reading  at  Fort  Point  is  a  matter  of  much 
"  annoyance  to  us.  The  tide-gauge  was  put  up  in  a  small  building  near  the 
"  end  of  a  wharf,  and  the  tide-staff  used  for  comparison  was  close  to  it.  Now 
"  it  was  observed  after  the  observations  had  continued  some  time  that  the 
"  wharf  was  settling, — at  least  the  part  where  the  gauge  stood.  Then  the 
"  gauge  was  moved  to  a  point  a  little  nearer  to  the  shore  believed  to  bo  firm, 
"  but  we  think  the  whole  wharf  settled  and  continued  to  do  so  for  years. 
"  There  seems  to  be  a  bog  formation  underlying  the  surface  deposit  at  that 
"  place.  There  is  probably  no  way  of  ascertaining  the  amount  of  settling 
"  except  from  the  observations  themselves.  We  are  now  having  frequent 
"  levcllings  made,  referring  the  tide-staff  to  a  rocky  ledge  further  inland.'' 

30.  It  having  come  to  the  knowledge  of  the  Tide  Committee  that  the  United 
States  Coast  Survey  Office  was  in  possession  of  a  series  of  hourly  tide  observa- 
tions taken  at  Cat  Island  in  the  Gulf  of  Mexico,  and  which  were  of  a  very 
remarkable  and  interesting  character,  it  was  thought  a  favourable  opportunity 
of  testing  the  value  of  the  harmonic  analysis  for  the  evaluation  of  the  com- 
ponents of  the  tides  of  this  place,  which  appeared  very  complicated  and  pe- 
culiar. Application  having  been  made,  a  series  of  about  thirteen  months 
were  received  through  the  kindness  of  Prof.  J.  E.  Hilgard. 

The  following  results  represent  the  tide -components  as  far  as  they  have  at 
present  been  evaluated,  Datum  10  feet  below  datum  of  United  States  Coast 
Survey : — 
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Cat  Island,  Gulf  of  Mexico  (Lat.  30°-23  N.,  Long.  5h-94  W.  of  Greenwich). 

Year  1848.    A0=4'8574ft.     I  =  i8°'45. 

S                   M  L  N 

Speed (y-ij)  (y-<r)  (y-l«f-lw)  (y-f«r+Jw) 

R!         0-0442  o-oioi  

ev         io°'04  95°'2-i  

B,         0*0677  ofii95  o'oiiS             0*0269 

e~        236-8o  io°75  222°'40            33°'57 

X                     O                     P  J  Q 

[Speed (y)  (y-a<0  (y-«»l)  (y+cr— or)  (y-ser+w) 

B,         0*4627               0*3855               °''559  0*0292  0*0733 

«i        55°'2°  224°-29  23o°-65  28°*2Z  2i50<32. 

Ba        0*0105              . 

*,      »88°73 

37.  It  is  extremely  intrcsting  to  ilnd  that,  although  the  lunar  and  solar 
semidiurnal  tides  are  very  small  in  value,  the  series  of  means  from  which 
they  were  obtained  being  extremely  regular  and  good,  the  consequent  deter- 
mination of  the  phase  of  spring-tides  (§  50)  from  their  respective  epochs  is 
probably  correct  within  a  few  minutes.     The  proportion  between  the  ampli- 
tudes of  the  lunar  and  solar  semidiurnal  tides  is  the  nearest  approach  to 
equality  yet  obtained,  being  in  the  ratio  of  11  to  (5.     The  comparatively  largo 
value  of  Ej  of  Series  S  is  undoubtedly  a  genuine  tide,  but  the  smallness  of  the 
corresponding  value  of  Series  M  must  forbid  the  conclusion  of  its  being  purely 
astronomical.     It  is  perhaps  produced  by  temperature  or  wind,  its  time  of 
maximum  being  about  40  minutes  after  noon.     There  are  also  indications  of 
a  similar  and  large  annual  tide  of  0*274  foot  amplitude,  and  maximum  about 
Aug.  16,  which  is  also  probably  meteorological  in  its  origin.     The  proportion 
between  the  lunar  and  solar  diurnal  (Declinational)  tides  (111  of  Series  () 
and  P)  will  be,  on  the  assumption  of  the  variation  of  Ex  of  Series  0  being  as 
the  square  of  the  sine  of  the  declination,  about  4  to  1. 

38.  The  following  are  the  values  of  the  long-period  tides : — • 

B  € 

ft. 

Solar  annual  tide  (elliptic  and  meteorological) 0-274  I44*5° 

Solar  semiannual  tide  (declinational  and  meteorological) ...         0-128  35'°^ 

Lunar  monthly  tide  (elliptic)    0-106  3°4'i7 

Lunar  fortnightly  tide  (declinational) °*°43  136*69 

Lunisolar  fortnightly  tide  (synodic) 0*099  336-26 

39.  Professor  Fuller  having  applied  to  Mr.  Parkes  for  a  set  of  tide-obser- 
vations of  any  port  in  India,  that  gentleman  kindly  plaeed  at  the  disposal  of 
the  Committee,  for  analysis,  a  series  of  personal  tide  observations  taken  at 
Bombay  from  January  29, 1867  to  June  4, 1807.     The  heights  were  observed 
at  successive  intervals  of  ten  minutes,  and  were  taken  under  the  superin- 
tendence of  Mr.  Ormiston,  C.E.      A  few  breaks  of  short  duration  in  the 
observations  have  been  supplied  from  a  curve  plotted  for  each  day  of  inter- 
rupted observation.     The  datum-line  is  72  feet  below  the  level  of  the 
Town-Hall  datum. 

•  40.  The  observations  were  not  used  as  they  were  given,  but  heights  for 
each  quarter  hour,  the  heights  for  the  fifteen  and  forty-five  minutes  past  each 
hour  being  interpolated.  Tables  similar  to  those  previously  described  (§  10), 
but  adapted  for  the  reduction  of  observations  taken  for  every  quarter  hour, 
have  been  made  for  a  period  of  127  days. 
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Tho  following  arc  tho  results  of  thoso  tides  for  which  so  short  a  period 
(127  days)  is  likely  to  givo  fair  results  ;— 

Bombay  (Lat.  18°*95  N.,  Long.  4ll*86  E.  of  Greenwich). 
Year  1867.    I-=i8°.34.    A0~  8*2004  ft. 

L  N  K 

(y  —  \a~  £<or)  (y  —  J<r-f  \w)          (y) 


Ea 


s 

M 

(r-fl) 

0*1061 

1-8514 
850-38 

4-3680 

0*0838 

75°'45 

O*0232 

i65°'4o 

0-1060 
16°  82 

0-3189 


0-9833 


1*1620 
i93°'3i 

0-8835 
i88°-62 


0 

Q'5577 


41.  A  series  of  tide -observations  extending  through  throe  years,  com- 
mencing 1808,  May  J,  taken  by  the  Mauora  self-registering  tide-gaugo  at 
Kurracheo,  were  also  kindly  lent  hy  Mr.  Parkcs  for  tho  purpose  of  redaction. 
The  following  series  have  boon  analy/cd  for  each  year  separately,  with  the 
exception  of  tho  solar  semidiurnal  tide-components  11  and  T,  for  which  it  is 
necessary  to  combine  the  observations  extending  through  two  entire  years. 
The  datum-lino  is  2  feet  be  low  the  datum-line  of  the  diagram-sheets. 

42,  Kurrachce  (Lat.  24°-9  N.,  Long.  4h>47  E.  of  Greenwich). 


S.     Speed  of  semidiurnal  2(y— -j 


M.     Speed  of  semidiurnal  2(y  —  <r 


»L 


18GR-G9. 

1809  70. 

1870-7L 

1808-00. 

1H6-J-70. 

1870-71. 

ft. 

ft. 

ft. 

1=     i9°*6 

2I°'2 

Z3°-o 

7-1488 

7-2908 

7-2644 

ft. 

ft. 

ft. 

0-0718 
i760-57 

0-0712 

0*0750 

0-018 

27i°-6o 



0*0510 
329°-i8 

0-9323 

0-9425 

0-9230 
3z3r-68 

295°  78 

2  4974 

2-4717 
296°  62 

:::::: 

;::::: 

o  0439 

0*0382 

0-0492 
325°-46 

very  small 

very  small 

0-0141 

35S°'9S 

0*0169 

0*0284 

0*0242 
3i°-7o 







o  0444 
2*5"  9  1 

0-0494 
2i5°-i6 

0-0445 

224^55 

K.     Speed 

of  semidiurnal  (2y). 

V 

1808-09. 

1809-70.        1870-71 

B, 
ri 

1-1669 

I42°-87 

1*1907            1*2392 
i44°73           146°  87 

^2 

0-2389 

0-2355            02467 
33°°'57          33°°'94 

0. 

Speed  (y  —  2<r). 

P. 

Speed  (y  —  a?;). 
.*. 

1868-09. 

1869-70. 

1870-71. 

18(>8-()9. 

1869-70. 

1870-71. 

0-5688 

0-5905 

0-6164 

r  n  

0*3850 

0-3746 

.  O- 

3H°'97 
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J.  Speed(y4-<T-"nr). 

x • N 

1868-69.  1860-70.  1870-71. 

ft.  ft.  ft. 

E!    0-0800     0*0434  0-0686 

ei   J78°*58  i65°'88  i4i°*37 

L.     Speed  (27  — tr— TXT.) 

^ ..-  - ..-. *~     ...,.--  N 

1868-60.        1800-70.        1870-71. 
Ej        0*0804  0*0365  0*0824 

t~        io8°'67  i4O(">*69  i29°*68 

\.     Speed  (27— o'+'or  — 2?^). 

18G8-G9.        1860-70.        1870-71. 
E3        0-0613  0-0381  0*0432 

ea       i56°*46  9i°'56  3o°*7i 

/i  or  2MS.    Speed  (27 -4*7 +277). 


1868-69. 
0-0703 


1869-70. 
0*0333 


1870-71. 

0-0-714 


Q.    Speed  (y  — 3ff4-or). 


1868-69, 
ft, 

O'lIIO 


1869-70. 
ft. 

O'JIOO 


N.     Speed  (ay  — 


1870-71. 
ft. 


3i30-o5 


1868-69, 
0-6221 


1870-71. 

0-5766 
281^35 


Speed  (2y  —  $#—>&  + 2-7). 


~ A 


1868-69. 

0-1955 

2550-63 


1869  70. 
0-0832 


1870-71. 
0-0814 


MS.    Speed  (4y  — 2(7— 2-7). 


1868-69. 
0-0173 


1860-70. 

0*0236 

x8i°--io 


1870-71. 
0*0311 


T.     Speed  (2y-3»j). 
T868-69  and  1869-70? 


°ol-i  i  } 


Solar  annual 


lido.     Speed  (f|). 


E.     Speed  (zy— »j). 

T868-69  and  1869-70^ 
0-0353 


43.  Long-period  Tides. 

1870-71. 
ft. 

o*: 

107° 

0*062  1  Solar  semiannual  (declinational)  tide. 
69°*69J          Speed  (27;). 

0*032  |  Lunar  monthly  (elliptic)  tide. 
JI50'9°J          Speed  (o  —  w). 

0-035  1  Lunar  fortnightly  (declinational)  tide. 
283°  22  J          Speed  (2(7). 

0*058  \  Lunisolar   synodic   fortnjglitly  (shallow- water) 
I56°*62J         tide.     Speed  z(ff—j?). 

44,  The  epochs  arc  reckoned  from  the  meridian  of  Kurra dice  for  the  short- 
period  tides,  and  fur  the  long-period  tides  from  the  time  when  the  respective 
argument  of  each  tide  equals  0°-0, — i.e.  for  the  solar  annual  and  semiannual 
tides  from  the  mean  vernal  equinox,  for  the  lunar  monthly  tide  from  the 
mean  perigee,  for  the  lunar  fortnightly  from  the  time  when  the  moon's  mean 
longitude  equals  0°  and  180°,  and  for  the  synodic  fortnightly  from  the  mean 
new  and  full  moons. 

45.  In  addition  to  the  foregoing  reductions,  a  selection  has  been  made  from 
the  tide-ohservations  taken  during  the  construction  of  ihe  Portland  Break- 
water, under  the  direction  of  Sir  John  Coode,  from  1851  to  1871.     The  years 
selected  for  reduction  were  1851  and  1871,  being  the  first  and  last  years  of 
the  observations  at  present  taken,  and  the  years  1857  and  1866,  being  the 


J  868-60. 

1860-70. 

E 
e 

ft, 
0*115 

ft. 
0*179 

80°'20 

E 
e 

0*198 
8i°*98 

0-059 

E 
c 

0-076 

0*043 

I75°-27 

E 

F 

0*038 

0*064 

E 

6 

0*009 

326°*I9 

0*075 
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years  in  which  the  moon's  declination  had  attained  its  maximum  and  mini- 
mum respectively.  The  peculiarity  of  the  tide  here  gives  rise  to  a  consider- 
able number  of  important  compound  shallow-water  tide  -components,  which 
has  led  indirectly  to  their  evaluation  at  Liverpool  and  Ramsgate,  through 
this  clue  to  their  probable  existence  having  been  found.  It  is  probable  that 
others  besides  those  already  found  may  exist,  and  of  which  a  further  exami- 
nation of  the  tide-curve  may  indicate  their  periods.  The  epochs  of  the  tide- 
components  are  referred  to  the  meridian  of  Greenwich,  similarly  to  the  pre- 
viously analyzed  tides  of  Bamsgato  and  Liverpool. 

Portland  Breakwater  (Lat.  50°-o  N.,  Long.  9m*8  W.  from  Greenwich). 


S.    Speed  of  semidiurnal  2(y  —  ;/). 


M.     Speed  of  semidiurnal  2(y  —  cr)t 


1851. 

1857. 

18G6. 

1870. 

1851. 

1857. 

18GG. 

1870. 

ft. 

ft. 
7*0054 

ft. 

ft. 
6  9860 

ft. 

ft. 

i8°*5 
ft. 

ft. 

Bj     0*0742. 

0*0310 

00255 
90^*56 

0-0146 
82°  80 

0*0178 
244°-!  8 

0*0071 

0-0348 
333°7* 

0*0240 

Bj     1-0761 
B,      

1-0757 
2460-64 

1-0903 

1-0551 

2-1^450 

0*0300 
174°  36 
0-4556 

2  0271 

196°  57 

0-0425 
i95°-i7 

0-4960 

1*9824 

0*0481 
i88°*io 

0*4725 

2-0943 
I94°*48 

0*0264 
0*4680 

B4     0-0120 

0*0096 

0*0163 

0-0104 

B 

1850-04 

i670<58 

1960-26 

32°  41 
0-2217 

0*0136 
6i°7o 

'  semidiurnal 

.-*-,.   , 

0*1^944 
0*0146 

&}. 

0-2178 
670-07 

0-OII2 
s 

70. 

0-2106 

7i°-o» 

0*0090 

Rw      

1C. 

Speed  of 

1857. 

1851. 

18 

*; 

0-2705 

2II°'08 

0*3245 

0-2^597 

0-2995 

C2 

0-2768 

253^95 

0-3^54 

0-4365 

0*2590 
2520-85 

O.     Speed  (y—  2<r). 

P.     Speed  (y  —  2^). 

1851. 

1857. 

18liO. 

1870. 

1S51. 

1857. 

1800. 

1870. 

BI    0*1536 
f,  249°  83 

0*1919 

0-1255 
262°  25 

0*1605 

25i°77 

0-0957 

0-1179 

18^09 

0*1077 

J7lo°64 

L.     Speed  (27  —  <r—  'or). 

N 

,     Speed 

(27-3-7  +  ^). 

1851. 

1857. 

18GO. 

1870. 

1851. 

1857. 

180(). 

1870. 

B^    0*2054 

0*1009 

0-1^544 

0*1723 
28S°*43 

I85°73 

0*4454 
i85°*66 

0*5182 

0*4890 
iS6°*3i 

X 

.     Speed  (ay  —  <r+'W  —  ai/). 

.-A  „  '--V 

V. 

Speed  (2 

r-3—  4 

-;)- 

1851. 


18GG. 


1870. 


1857. 


1860. 


1870. 


0-0560       0-0832       0-0901        0-0950       0*1203       0*1248       0*1234 


3i4°*io      2940*24       I97°77 
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ft  o*  2MS.    Speed  (27-4*4- it/).  28M.    Speed  (ay-f  iff - 


1851* 

1857. 

I860, 

1870. 

1851. 

1857. 

I860. 

1870. 

ft. 

ft. 

ft. 

ft. 

ft. 

ft. 

ft. 

ft. 

0-3900 

037J9 

0-3773 

0-3756 

0-0512 

0-0687 

0-0639 

0-0512 

100°  -49 

J99°'54 

i96°-6i 

349°-22 

6°'2I 

348°  -42 

3440-04 

MS.    Speed  (47 —iff— 2?;).  SMS.    Speed  (47— 6tf-j-2»j). 


1851,          1857.          1866.          1870.  1851.          ISftf.          18G6.          1870. 

K4    0-2660        0-2655        0-2618        0-2831         0-0517        0-0461        0-0391        0-0263 
c;     88°-i5         94°-45         89°-43         93°-26        i32°-i9       i35°'62       J36°74       i34°'5° 

46.  The  complete  separation  of  the  mean  lunar  and  mean  solar  semi- 
diurnal tides  in  the  foregoing  analysis,  together  with  the  respective  epochs 
of  each  tide,  furnishes  a  ready  means  of  finding  the  time  of  spring-tides 
or  the  time  at  which  the  two  tides  are  exactly  the  same  in  phase.  If  wo 
take,  for  instance,  the  respective  epochs  of  these  tides  as  given  (§  25)  for 
Ramsgate,  we  find  that  the  mean  solar  semidiurnal  tide  attains  its  maxi- 
mum when  twice  the  mean  sun's  hour-angle,  or  angular  distance  from  tho 
meridian,  is  32°*70.  Similarly  the  mean  lunar  semidiurnal  tide  attains  its 
maximum  when  twice  the  mean  moon's  hour-angle  is  339°-43.  Dividing 
the  difference  between  these  two  epochs  by  twice  tho  difference  between 
their  respective  mean  daily  motions,  we  obtain  an  interval  which  represents 
the  time  at  which  the  two  tides  are  coincident  after  the  two  bodies  were  in 
conjunction.  The  difference  between  the  mean  daily  motions  of  the  moon 
and  sun  is  120<191  per  day.  The  result  thus  obtained  for  Kamsgateis 

360°+32°-70-339°-43        f>3°-27 


47.  Treating  the  solar  diurnal  dcclinational  tide  (P)  and  the  lunar  diurnal 
declinations!  tide  (())  in  a  similar  way,  we  obtain  the  interval  after  tho 
conjunction  of  the  two  bodies  at  which  these  tides  are  coincident  in  phase. 
Thus,  for  instance,  we  find  (§  25)  for  llamsgato 

2G2°-58—  99°-34       163°-24          ,-  , 

' 


48.  The  lunar  elliptic  semidiurnal  tides  L  and  N,  and  the  mean  lunar 
semidiurnal  tide  M  may  also  be  similarly  treated.  The  equilibrium  theory 
gives 

e 


for  the  sum  of  the  mean  lunar  semidiurnal  and  lunar  elliptic  semidiurnal 
tides,  where  li  denotes  the  semi-range  of  the  mean  lunar  semidiurnal  tide, 
e  the  excentricity  of  the  moon's  orbit,  and  0  the  longitude  of  the  mean 
moon  (M)  reckoned  from  the  perigee,  or,  astronomically  speaking,  the 
mean  anomaly,  We  have 

$=(,-«)  (*-T) 
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if  T  denotes  the  time  of  perigee  preceding  t  :  and  so  the  preceding  becomes 


—   £COS[(2y  —  ff—  rar)f  —  (<T  —  «ar)T]} 

or 


7i{cos2(y—  (r)<+c 

+       COS[(27  -  a-w^+lSO0-^—  or)T]}f 


showing  that  tf=T  is  the  time  of  coincidence  of  the  M  and  X  lidos,  and  the 
time  of  opposition  of  the  M  and  L  tides.     Let 


-It;'  cos  [(2y-<r~^)f  --*;'+  180°] 

he  the  expression  for  these  constituents  derived  from  observation.  For  the 
limes  of  coincidence  we  have 

M  and  N  observation,     2(y-<r)<  —  ej=(2y—  3^+^  —  ea', 

f 
giving     ^IJ  ; 

and  therefore  the  Jt'7<n/    =    -  —  -  —  T  : 

J  (T—VT 

similarly  tlie  delay  of  oj)posilio7i  of  the  M  and  L  observed  tides,  after  Ihc 
opposition  of  the  corresponding  equilibrium  tides,  is 

«,/'  —  ^4-180° 
o  —  t*r 

If,  however,  the  corrected  epochs  are  used,  the  term  T  should  be  omitted. 
Thus  for  Kamsgafe  (§25)  we  have  for  the  dduy  of  coincidence  of  phase 
between  the  M  and  N  tides 

'<'MIO.J.>      «n  (lo.oi  00^.10 

^:L;'3""'sl;i_rl  ^   -'_  »-    =2-220  days  ^tr  the  moons  perigee;] 
13°-UU5  l;3u-0(_55  J     y  i      o     *J 

and  for  the  delay  of  opposition  of  phase  between  the  M  and  L  tides 

«°-28-339°-43  +  lS00       2G°'8r>  ,  % 

__  __  ------  .^  =2*0o0kdays  after  the  moons  perigee, 

The  solar  elliptic  semidiurnal  tides  II  and  T  may  be  referred  in  a  similar 
manner  to  the  mean  solar  semidiurnal  tide  (S). 

49.  It  is  here  worthy  of  remark,  that  the  larger  (N)  lunar  elliptic 
semidiurnal  equilibrium-tide  (as  indicated  above)  is  seven  times  the  valuo 
of  the  smaller  component  (L)  ;  but  on  reference  to  the  foregoing  results 
it  will  be  found  that  the  proportion  between  the  actual  components  for 
English  ports  is  about  3i  to  1,  The  cause  of  this  discrepance  has  not  yet 
been  discovered  ;  as  will  be  seen  subsequently  (§51),  the  deduced  value  of 
the  smaller  component  L  is  too  large  when  compared  with  its  equilibrium- 
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theoretical  value  for  nearly  all  places.  On  tho  other  hand,  the  equilibrium  - 
theoretical  ratio  is  fairly  approximated  to  in  the  values  found  for  Fort  Point 
and  Kurrachee, 

50.  Tho  following  Table  exhibits  the  times  of  coincidence  and  opposition 
of  phase  of  some  of  tho  chief  tides.  Tho  values  are  deduced  from  tho 
mean  of  the  results  when  more  than  one  year's  observations  have  boon 
analyzed. 

Coincidence    Coincidence 

of  phase  of     of  phase  of 

S  and  M          P  and  0 


Coincidence  Opposition 
of  phase  of  of  phase  of 
M  and  N  M.  and  L 


Liverpool,  \ 

Lat.  53°'40  N.,  long.  Oh-20  W.  J 

Rarasgate.  "I 

Lat.  51  °-3  N.,  long.  OH>0  E.    / 

Portland  Breakwater.  1 

Lat.  50°-5  N.,  long.  OMG  W.    / 


Kurraehee  (India). 

Lat.  24°-U  N.,  long.  4!"47  E, 

Bombay  (India).  1 

Lat.  18°-<J5  K,  long.  4h-SG  E.  J 


Fort  Point  (California^).  ~1 

Lat.  37°'G7  N.,  long.  8M5  W.  f 


After  Moon's  Syzygieg. 

"~~d d 
1-850  5796 


After  Moon's  Perigee. 
~"d~        ^        d 


2-185 


6-695 


4-930 


1-070 


0-214 


''534- 


0716 


1-846 


0790 


0-356 

2*056 

-5796 

0-750 

—  4-201 

0*126 


SW^^U       °-535  «6o  -.747  W* 

The  sign  —  indicates  that  the  phenomenon  occurs  before  the  moon's  perigee. 

The  following  is  the  investigation  of  tho  formula  for  semidiurnal  and  semi- 
diurnal declinational  tides : — 

Let  YP  and  YS  be  the  great 
circles  in  which  a  geocentric 
spherical  surface  is  cut  by  the 
earth's  equator  and  by  the  plane 
of  the  orbit  of  sun  or  moon. 
When  the  moon  is  considered,  Y 
will  be  approximately  the  first 
point  of  Aries.  It  is,  of  course,  Y" 

rigorously  so  for  the  sun. 
Drawing  SN  perpendicular  to  YP,  we  have  SN=8,  the  declination.  Let 
SrP=i,  being  the  inclination  of  the  orbit  to  the  equator.  Suppose  now  Q 
and  P  to  be  points  of  tho  equator  in  which  it  is  cut  by  the  meridian  through 
the  crests  of  the  semidiurnal  equilibrium  tide,  and  the  meridian  through  the 
place  for  which  the  equilibrium  tide  is  to  bo  expressed.  If  $  denote  tho 
equilibrium  semidiurnal  variation  of  tide-height,  we  find  readily,  from  §  808 
(23)  of  Thomson  and  Tait's  *  Natural  Philosophy' 

s  -  c  cos2 1  cos2  $  cos  (2  x  QP), 

where  c  denotes  a  constant  for  each  place.     Take  P'  so  that  PP'^QN,  and 
join  8P\ 


TIDAL  OBSERVATIONS.  385 

"We  have 

s=ccos2£cos(2xNP')=£cos^(2cos2NP'--l). 
But 

cos2  $  cos3  NP'  =  coj>2  SP'  ~  (cos  VS  cos  VP'  -f  sin  VS  sin  YP'  cos  *)2 


Hence 


If  time  be  reckoned  from  the  transit  of  the  first  point  of  Aries  across  the 
meridian  of  P',  we  have 


when  the  formula  is  applied  to  the  solar  tide,  and  for  the  lunar 


where  O  denotes  the  right  ascension  of  the  intersection  of  the  moon's  orhit 
with  the  earth's  equator,  from  the  iirst  point  of  Aries.  For  the  solar  tide 
YS  is  the  sun's  longitude4,  and  for  the  lunar  YS  is  equal  to  the  moon's  longi- 
tude with  a  correction  depending  on  ii.  Hence,  in  the  two  cases  respectively, 
we  have 


where  f,  e'  denote  the  longitudes  of  the  two  bodies  at  the  time  /=0,  P  the 
sun's  elliptic  inequality  of  longitude,  and  (1  the  moon's  elliptic  and  incli- 
national  inequality  of  longitude.  For  the  mean  semidiurnal  and  the  decli- 
national  semidiurnal  tides  we  neglect  these  inequalities,  and  so  tind 

(Solar)  , 


where  w  denotes  tlie  obliquity  of  the  ecliptic,  and 

(Lunar) 

hcoa/\a      0(Y  _  v_  .,,     sin2^       k)  ,j/l-cosj\2A()Qoi 
2      /  !i  V      2      / 

Denoting  by  E,  S,  M  the  masses  of  the  earth,  the  sun,  and  iho  moon,  by 
',  »'  the  parallaxes  of  the  sun  and  moon,  expressed  in  radial  measure 

^e' radial'  ty  a  tno  C(irtu's  r^c^U9>  an(l  ^y  ^  the  latitude  of  the  place, 
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and  neglecting  the  influence  of  land  (&,  B),  we  have  [Thomson  and  Tait, 

§§808,  (18),  (23)] 


38          o  o»  J  ,          3M          , 

and    c'—-^  w 
'J  lii 


Using  these  and  (2),  with  the  notation  of  (3)  in  (i),  we  find 


cos  2y 


-     .    (5) 


as  the  rigorous  expression  for  the  semidiurnal  equilibrium  tide-height,  on  the 
supposition  of  no  dry  land,  or  of  such  a  distribution  as  to  make  3  =  0  and 
13  =  0.  By  taking  the  expressions  given  by  physical  astronomy  for  tsr,  P,  ^\ 
?,  O,  and  Q,  and  expanding  in  series  of  simple  harmonic  functions  of  the  time, 
it  is  easy  to  obtain,  in  the  form  proper  for  the  harmonic  analysis,  a  complete 
expression  for  the  whole  astronomical  semidiurnal  tide-generating  influence. 

The  terms  of  (3)  or  (5),  containing  the  factors  /  -^®—  J  and  /    """"!/')> 

are,  on  account  of  these  factors,  necessarily  very  small.  They  show  semi- 
diurnal constituents  with  arguments  2(y-j-f/)tf  (solar)  and  2  (y-fo-y  (lunar), 
which  have  not  hitherto  been  investigated  from  observation,  but  -which,  for 
the  case  of  tho  moon,  and  particularly  in  years  when  i  is  large,  may  be  quite 
sensible. 

51.  The  Table  on  the  opposite  page  exhibits  the  comparative  values  of 
the  analyzed  and  equilibrium-theoretical  semidiurnal  tides  referred  to  the 
mean  lunar  semidiurnal  tide  as  unity.     The  epochs  of  all  of  these  tides 
are  expressed  in  hour-angles  of  mean  solar  time,  and  are  referred  to  the 
meridian  of  the  place,  except  for  Liverpool,  Eamsgate,  and  Portland  Break- 
water, which  are  referred  to  the  meridian  of  Greenwich. 

52.  The  following  will  illustrate  the  method  at  present  employed  in  the  com- 
parison between    the  actual  tide-heights  as  recorded  and  the  heights  ns 
furnished  by  the  evaluated  tide-constants.     The  residual  differences  (which 
include  instrumental  errors  of  every  description)  show  the  amount  of  precision 
arrived  at  from  the  tide-  components  included  in  the  analysis,  and  arc  useful 
as  a  guide  for  the  introduction  of  new  arguments  and  the  consequent  evalua- 
tion of  new  tide  -components.     The  Tables  are  based  on  the  analyzed  values 
of  the  tide  -components  of  Kurrachce  for  the  year  1  8(58-09  alone,  excepting 
the  R  and  T  solar  elliptic  semidiurnal  tides,  which  are  the  results  of  1808- 
I860  and  following  year. 

In  order  to  facilitate  the  computations  of  the  heights,  Tables  showing  the 
value  of  the  tide  above  or  below  mean  level  for  each  1  5°  of  hour-angle  for 
the  S  tide  should  be  formed,  or  for  a  less  interval  if  it  is  contemplated  com- 
puting the  tide-heights  for  more  frequent  intervals  than  each  integral  mean 
solar  hour,  and  for  every  degree  of  the  M  tide  on  account  of  the  magni- 
tude of  R2  of  this  tide,  and  for  every  few  degrees  for  the  rest  of  the  tide- 
components. 
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(1)  S. — Solar  Semidiurnal  tide  (including  effect  of  solar  elliptic  diurnal). 


=  0-072  cos  {(y  — 

»;)rf  -  1  760<57}  +0-932  cos  -[2(7  —  »;X—  322°72j. 

a 

b 

c 

d 

A 

u 

/*' 

(r—  »?X 

(y—  »;X—  ^ 

COS  If 

cx~RL 

d+l\ 

(from  below) 

A+B 

o 

ft. 

ft. 

ft. 

ft, 

0 

183-43 

-•998 

—  •072 

•ooo 

1-674 

1-674 

15 

198-43 

-•949 

—  •069 

•003 

1-292 

1-295 

30 

213-43 

-835 

—  *o6o 

*OI2 

0-814 

0-826 

45 

228-43 

-•663 

—  •048 

•O24 

0-367 

0-391 

60 

243"43 

-'447 

-•032 

'040 

0-073 

0-113 

75 

258-43- 

—  '201 

•—•014 

•058 

0-007 

0-065 

90 

273'43 

+  '060 

+  •004 

•076 

0*190 

0-266 

105 

288-43 

+-316 

+  •0*3 

•095 

0*572 

0-667 

120 

303-43 

+  -551 

+-040 

'112 

1-050 

i"i6i 

135 

3^-43 

+748 

+•054 

•126 

1-497 

1-623 

150 

333-43 

+•894 

+•064 

•136 

1791 

1-927 

165 

348-43 

+•980 

+  •071 

•143 

1-857 

2'GOO 

l8o 

3-43 

+  '998 

+•072 

•144 

1-674 

r8iS 

^95 

18-43 

+  '949 

+•069 

T4I 

1-292 

i  '43  3 

210 

33'43 

+  "835 

+  '060 

'132 

0-814 

0-946 

225 

48-43 

+  -663 

+  •048 

•120 

0-367 

0-487 

240 

63'43 

+  '447 

+  •032 

•104 

0-073 

0-177 

255 

78-43 

+  '20  I 

+  •014 

•086 

0*007 

0-093 

270 

93-43 

—  •060 

•—•004 

•068 

0-190 

0-258 

285 

108-43 

~-3l6 

-•023 

"°49 

0-572 

0-621 

300 

123-43 

—  •551 

—•040 

•032 

1-050 

1-082 

3*5 

1  38-43 

-74« 

-'°54 

•018 

Ig497 

1-515 

330 

I53-43 

—••89$. 

-•064 

•008 

1-791 

1-^99 

345 

168-43 

--980 

-•071 

•001 

1-858 

o 
o 

3° 
60 
90 

120 
150 
180 
210 
240 
270 
3OO 
330 


37^8 

67-28 

97-28 

127-28 

I57-28 

187-28 

217-28 

247-28 

277-28 

307-28 

337-28 

7-28 


COS& 

+•796 
+•386 

-•127 

—  '606 

—  -922 

-•992 
--796 
-•386 

-H'127 
+  •606 
-h'922 

f -992 


d 


B 


ft.  " 
+•742 

+  -360 
-•n3 
-565 

-•859 
-•925 
-•742 
-360 

+  •118 

+;sfi5 

+•925 


ft. 
1-674 

1-292 
0-814 

0-367 

0-073 

0-007 
0-190 
0-572 


1-497 
1-791 
1-857 


^  values  of  1^  and  U2  liave  been  added  to  each  value  of  h  to  make  all 
the  heights  positive,  and  therefore  the  sum  of  ll;  and  !(.,,  or  1-004,  will  have, 
to  be  subtracted  in  the  calculations  of  the  heights  on  account  of  these  tides. 
Similarly,  in  the  other  Tables  the  value  of  It  has  in  each  case  been  added 
(except  for  the  lunisolar  diurnal  and  semidiurnal  tides,  for  which  tides  Ml> 
foot  instead  of  1-41  foot  has  been  applied) ;  the  augmented  values  are  indi- 
cated by  the  symbol  h'. 

Instead,  therefore,  of  the  mean  height  being  added  to  the  sum  of  the  values 
of  7t'in  the  formation  of  the  tide-heights,  the  difference  between  the  mean 
height  and  the  sum  of  the  whole  of  the  tide-components  is  to  be  applied. 
Care  should  be  taken,  in  reading  off'  the  tide-heights  in  tho  first  instance,  to 
choose  a  datum-line  sufficiently  low,  in  order  to  secure  this  difference  bciiij* 
positive. 

Tables  for  the  other  tide-components  have  been  similarly  formed,  and  arc 
here  given ;— 
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(2)  M.— Lunar  Semidiurnal  (including  elliptic  diurnal,  tordiurnal,  &c.) 


^==0-018  cos{(y_ 
+0*044  cos{3(r-<rX-3350-i8  1 
4-0-044  cos]  6(y-(rX-2250-9i  j  . 
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(1)  g0 — Solar  Semidiurnal  tide  (including  effect  of  solar  elliptic  diurnal). 
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The  values  of  K,  and  Ka  have  been  added  to  each  value  of  h  to  make  all 
the  heights  positive,  and  therefore  the  sum  of  K,  and  R.,,  or  L-004,  will  liavo, 
to  be  subtracted  in  the  calculations  of  the  heights  on  account  of  these  tides. 
Similarly,  in  the  other  Tables  the  value  of  11  has  in  each  case  been  added 
(except  for  the  lunisolar  diurnal  and  pcmidiurnal  tides,  for  which  tides  1*1  U 
foot  instead  of  1-41  foot  has  been  applied);  the  augmented  values  are  indi- 
cated by  the  symbol  li '. 

Instead,  therefore,  of  the  mean  height  being  added  to  the  sum  of  the  values 
of  li  in  the  formation  of  the  tide-heights,  the  difference  between  the  mean 
height  and  the  sum  of  the  whole  of  the  tide-components  is  to  be  applied. 
Care  should  be  taken,  in  reading  off  the  tide-heights  in  the  first  instance,  to 
choose  a  datum-line  sufficiently  low,  in  order  to  secure  this  difference  being 
positive. 

Tables  for  the  other  tide-components  have  been  similarly  formed,  and  are 
here  given ; — • 
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Lunar  Semidiurnal  (including  elliptic  diurnal,  terdiurnal,  &c.). 
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(3)  j£( — Lunisolar  Diurnal  and  Semidiurnal  (Dcclinational). 
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Lunar  Elliptic  Semidiurnal. 

((>)  L. 

•  (y — iff— _••»•)/— 108^-27 1 


ft. 
0*05 
•08 

•13 

•16 
•16 

§I5 
•13 

O'll 


h  =  0*622  cos  /  2 


2(7  — 


46  226 

48  228 

50  230 

5*  *3* 

54  *34 
56  .236 

55  238 
60  240 
62  242 
64  244 
66  246 
68  248 
70  250 
72  252 

74  *54 

76  256 

78  258 

80  260 

82  262 

84  264 

86  266 

88  268 

go  270 


O'Ol 

'CO 

•oo 
•oo 

•oi 

*02 
•04 

•^5 
•07 
•09 
'12 

•I7 
*2O 
•24 
•27 
•31 
'35 
*39 

"43 
'47 

0-51 


( 

y  —  \a- 

-itoO- 

h' 

0 

0 

ft. 

90 

270 

O'H   „ 

100 

280 

•08 

IIO 

290 

•05 

120 

300 

•03 

130 

310 

*OI 

140 

320 

•oo 

150 

330 

*oo 

I  6O 

340 

•oi 

170 

350 

•03 

_____  

180 

360 

8<r+W 

V-280 

o.3,} 

^y  _  ?  a 

4-  1  -or)/ 

h' 

(y—^ff-fAw)/ 

h' 

"n 

ft. 

o     o 

ft. 

9° 

270 

051 

136  316 

1-24 

92 

271 

c  55 

138  318 

94 

274 

o  Go 

140  320 

1-24 

96 

276 

o  64 

142  322 

1-24 

98 

278 

0*68 

144  3*4 

1-14 

ICO 

280 

o  73 

146  326 

1-23 

102 

282 

0-77 

148  328 

104 

284 

o  Si 

15°  330 

i'ii 

106 

286 

085 

152  332 

1-19 

ic8 

288 

0-89 

^54  334 

IIO 

290 

o'9J 

156  336 

1-15 

112 

292 

0-97 

MS  338 

1-13 

114 

294 

•oo 

i  60  340 

I  10 

116 

296 

•04 

1  61  342 

1-07 

118 

298 

•07 

164  344 

1-04 

120 

300 

*IO 

i  66  346 

I  -01 

122 

302 

'12 

168  348 

0'97 

124 

304 

;is 

170  350 

0-94 

126 

306 

17*  35* 

0-90 

128 

308 

•19 

»74  354 

O'86 

130 

310 

'21 

176  356 

0-82, 

132 

312 

'22 

17'  3SS 

0-77 

134 

3I4- 

•*3 

180  360 

073 

J36 

316 

1-14 

392 


REPORT 1872. 

Lunisolar  Semidiurnal  {(Evcctiori)  and  (Variation)}. 
(8)  A.  (9)  r. 
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Lunar  Elliptic  Diurnal. 
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Solar  Elliptic  Semidiurnal. 
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Lunibolar  Quarter-diurnal 
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The  following  example  will  illustrate  the  manner  of  computation  at  pre- 
sent employed,  in  which  the  whole  of  the  evaluated  tide-components  are 
taken  into  account,  excepting  those  of  long  period,  the  values  of  which,  for 
Kurrachee  for  successive  years,  have  not  agreed  well  together;  they  have, 
therefore,  hcen  omitted  in  the  computation. 

Find  the  height  of  the  tide  at  Kurrachee  for  every  hour  of  the  day  for 
I  SOS,  Xovemher  2,  commencing  at  Oh  astronomical  reckoning.  For  186S, 
November  2,  Oh  Kurrachee  mean  time, 

Sidereal  time  =         y  5=221 -80, 

Sun's  mean  longitude  =  77=221 -SO, 
Moon's  mean  longitude  =  0-=  C>7'42, 
Moon's  mean  anomaly  =  a— -w =281 -00, 

from  which  the  whole  of  the  arguments  can  be  obtained. 

The  values  of  the  arguments  for  the  succeeding  hours  arc  obtained  from 
the  arguments  for  noon  by  successive  additions  of  their  respective  hourly  in- 

*  In  the  hmisolar  declinntional  diurnal  and  semidiurnal  tide  the  sum  of  Bj  and  B2 
less  0-29  ft.  was  applied* 
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crements  (p.  361),  and  those  additions  may  bo  continued  for  any  period 
whatever.  These  are  most  readily  obtained  by  the  use  of  the  arithmometer 
of  Thomas  (de  Colmar). 

The  residual  differences,  on  this  and  the  following  page,  are  for  the  most 
part  negative,  and  indicate  that  the  mean  height  of  the  water  on  the  day  in 
question  was  above  the  mean  height  of  the  water  for  the  whole  year.  On 
trial  it  will  bo  found  that  tho  excess  equals  0-15  of  a  foot,  a  quantity  such 
that,  if  applied  to  the  residual  differences,  will  make  them  all  very  small. 

Kurrachee,  1808,  November  2. 
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On  the  Briykton  Waterworks.     By  EDWARD  EASTON,  C.E.,  F.G.S. 

[A  communication  ordered  by  the  General  Committee  to  be  printed  in  exten$o.\ 

OBVIOUSLY  the  first  question  an  engineer  asks  when  called  upon  to  design, 
works  for  the  supply  of  water  to  a  large  population  is,  From  what  source  can 
water  of  pure  quality,  and  practically  inexhaustible  in  quantity,  be  obtained  ? 

On  taking  a  survey  of  the  country  surrounding  Brighton,  its  most  striking 
feature,  probably,  is  the  entire  absence  of  all  streams,  and,  indeed,  of  all  signs 
of  the  existence  of  the  water  the  engineer  is  in  search  of.  Standing  on  one 
of  the  highest-  Downs  above  the  town,  and  looking  down  upon  the  slopes  and 
valleys  below  him,  the  aspect  of  the  country,  as  far  as  the  eye  can  reach,  appears 
for  his  purpose  as  unpromising  as  the  Great  Desert  of  'Sahara.  But  just  as 
in  that  va&i  arid  region  there  exists  beneath  the  burning  sands  the  element 
which,  by  the  application  of  scientific  knowledge  and  mechanical  skill,  will 
change  the  useless  desert  into  a  fruitful  plain,  so  lio  concealed  within  the 
apparently  dry  material  of  the  chalk  stratum  streams  of  excellent  water  which, 
though  not  presenting  to  the  eye  the  beauty  so  admirably  delineated  by  our 
great  English  painter,  are  none  tbe  less  unfailingly  ''flowing  to  the  sea." 

Let  us  imagine  our  observer  overtaken  by  one  of  those  sudden  and  violent 
storms  of  rain  which  were  so  frequent  during  the  earlier  part  of  this  year. 
Ho  is  looking  down  into  a  basin  naturally  formed  in  the  chalk  of  perhaps 
two  square  miles  in  extent.  The  middle  or  bottom  of  the  basin  is  at  least 
00  feet  below  the  lowest  part  of  its  sides.  In  an  hour  there  falls  sufficient 
rain  to  fill  the  lower  and  smaller  area  of  the  basin  to  the-  depth  of  several  feet. 
No  such  result,  however,  follows  the  downpour ;  the  rain  disappears  as  quickly 
as  it  falls,  and  in  less  than  an  hour  the  surface  of  the  ground  is  as  dry  as  it 
was  before  the  storm.  The  water  has  all  been  received  into  the  absorbing 
ground,  and  is  finding  its  way  through  the  pores  of  the  chalk  down  into  sub- 
terranean streams  and  so  into  the  sea.  That  this  is  the  case  can  be  ascertained 
by  walking  down  to  the  shore  at  low  water,  and  tasting  any  of  the  numerous 
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rills  flowing  from  the  higher  parts  of  the  beach  through  the  shingle.  Hut 
these  streams  are  rills  and  not  torrents,  as  they  might  be  expected  to  bo 
after  the  enormous  downfall  of  rain ;  and  there  is  clearly  some  storage  reser- 
voir intervening  which  has  prevented  its  immediate  discharge.  This  is  the 
chalk  itself,  which  acts  as  a  sponge  and  stores  up  the  water  until  saturation 
takes  place,  and  it  i.s  obliged,  as  it  were  reluctantly,  to  give  up  what  it  has 
lost  the  power  of  retaining. 

The  problem  now  to  be  solved  by  the  engineer  is,  IFow  can  this  water 
thus  running  wastefully  into  the  sea  be  made  use  of  for  the  purpose  in  view  ? 
A  description  of  the  waterworks  constructed  for  the  supply  of  this  place  will 
go  far  to  answer  the  question.  Brighton  has  always  been  supplied  with 
water  from  wells  sunk  in  the  chalk  .stratum.  In  a  description  of  the  town, 
written  in  the  year  1701,  by  Dr.  lie-Hum,  a  physician  who  succeeded  the 
well-known  Dr.  Uichard  llussell,  it  is  stated  : — "The  town  is  supplied  from 
a  variety  of  wells.  The  water  most  esteemed  by  the  inhabitants  is  drawn 
from  a  well  in  Worth  Street,  and  that  preferred  by  the  Company  is  obtained 
at  the  Castle  Tavern.  These  waters  answer  every  domestic  purpose  of  lifo 
extremely  well ;  and  as  the  qualities  of  springs  of  any  place  have  boon  from 
the  time  of  Hippocrates  to  this  day  looked  upon  as  a  mark  of  those  of  tho 
air,  the  sweetness  and  goodness  of  spring- water  here  may  with  propriety  be 
esteemed  a,  corroborating  proof  of  the  hcalthfulncss  of  the  air  of  this  town." 
Such  wells  as  these  supplied  the  inhabitants  until  about  the  year  l&'JO, 
when  a  Company  was  formed  by  a  few  public-spirited  men,  the  late  Mr. 
Peter  Ca/alet  and  Dr.  Taylor,  who,  1  believe,  is  still  living,  being  among  its 
most  active  members,  and  a  system  of  waterworks  was  established.  A  well 
was  sunk  near  the  Lewes  lload,  about  1  ]  mile  in  a  direct  line  from  the  sea- 
shore; and  the  water  obtained  wns  pumped  by  steam  into  a  rc&ervoir  ^«0 
feet  above  the  sea,  and  thence  distributed  through  pipes  over  the  town.  It 
was  soon  found  that  a  .single  well  would  not  give  sufficient  for  the  rapidly 
increasing  population,  and  that  the  engines  drew  the  water  faster  than  the 
springs  would  give  it ;  and  tunnels  or  adits  were  driven  in  the  form  of  a  cross 
for  the  double  purpose  of  obtaining  more  water  and  of  making  a  storage  fiom 
which  the  pumps  might  draw.  A  boring  was  also  made  into  the  chalk  below 
to  a  great  depth,  but,  for  reasons  which  will  be  presently  apparent,  without 
any  beneficial  result.  In  the  year  18o2,  in  consequence  of  the  great  com- 
plaints of  the  scarcity  of  water,  a  new  Company  was  formed,  and  an  Act  of 
Parliament  obtained  authorizing  the  construction  of  more  extensive  works. 
In  the  following  year  another  Act  was  passed,  by  which  the  old  Company  sold 
their  works  to  the  new  comers,  and  under  the  powers  of  which  tho  woikj  us 
they  now  exist  were  commenced. 

It  was  soon  found  that  tho  wells  and  tunnels  were  totally  inadequate  for 
the  supply  even  of  the  services  then  laid  on,  whoso  number  was  scarcely  half 
that  of  the  total  number  of  houses  ;  and  the  new  Company,  acting  under  tho 
advice  of  the  late  Mr.  Easton,  their  engineer,  immediately  on  coming  into 
possession  of  the  works,  commenced  a  new  series  of  tunnels  on  a  principle 
successfully  adopted  by  Mr.  Easton  in  the  year  1834  when  constructing  works 
for  the  supply  of  the  town  of  Ramsgatc,  a  principle,  as  far  as  the  writer  is 
aware,  which  had  never  been  before  proposed,  llamsgate,  as  is  well  known,  is 
built  on  the  Chalk  formation  of  the  Isle  of  Thanet.  Mr.  Easton,  in  making 
his  survey  of  the  locality,  observed  that  all  along  the  sea-coast  there  issued 
at  the  base  of  the  chalk  cliffs  numerous  streams  of  fresh  water  running  across 
the  beach  into  the  sea  at  low  water ;  and  he  concluded  that  these  streams 
came  from  cracks  or  fissures  in  the  chalk,  and  that  if  tunnels  were  driven 
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in  a  direction  parallel  to  the  sea,  and  at  about  the  level  of  low  water,  these 
fissures  would  bo  cut  across  and  the  water  intercepted  and  stored  in  the  tun- 
nels, His  conclusions  wore  amply  verified,  llamsgate  has  been  supplied 
since  the  year  1836  from  wells  and  tunnels  made  on  this  principle. 

The  town  of  Brighton  is  very  similarly  situated.  For  at  least  6  miles  to 
the  north,  as  many  to  the  west,  and  nearly  8  miles  to  the  eastward,  there  is 
a  succession  of  Chalk  Downs  untravcrsed  by  any  river  or  stream.  The  geo- 
logical formation  is  that  of  the  Upper  Chalk  with  flints.  Throughout  the 
whole  of  this  district  (with  a  few  exceptions  of  no  importance)  there  is  no 
system  of  agricultural  drainage :  none  is  required.  The  whole  of  the  rain- 
fall, except  that  absorbed  by  the  vegetation  or  given  off  by  evaporation,  per- 
colates at  once  into  the  chalk,  and  has  its  chief  outlet  in  the  sea  as  before 
described, — its  chief  outlet,  because  all  round  the  base  of  the  great  escarp- 
ment at  the  northern  boundary  of  the  Chalk  Downs  there  ilow  out  springs 
more  or  less  copious,  which  are  formed  by  the  overflow  of  the  great  chalk 
reservoir  when  saturation  haa  taken  place*.  Such  springs,  for  instance,  are 
those  at  L*oynings,  at  Hampton,  and  at  Clayton.  They  find  their  way  into 
the  sea  by  the  river  Adur  at  Shoreham  on  the  west,  and  the  Ouse  at  Xcw- 
haven  on  the  east.  The  volume  of  these  springs,  however,  is  but  a  very 
small  percentage  of  the  total  quantity  of  rainfall,  the  main  body  of  which  is 
absorbed  by  the  chalk,  and  by  its  means  travels  to  the  sea.  "But  although 
the  chalk  is  as  absorbent  as  a  sponge,  it  is  equally  unready  to  give  up  its 
contents;  and,  consequently,  were  it  not  for  some  outlet  more  free  and  open 
than  those  afforded  by  its  own  pores  it  would  necessarily  overflow,  and  the 
ordinary  phenomena  of  surface-streams  would  result.  These  freer  outlets 
aropro\ided  in  the  shape  of  clefts  or  fissures  extending  almost  from  the 
surface  downwards  to  a  very  great  depth,  which  have  been  formed  in  all  pro- 
bability, in  the  first  instance,  and  continually  kept  open,  by  the  action  of  the 
water  through  a  vast  series  of  years.  AYhcre  the  stratification  of  the  chalk 
lias  not  been  disturbed  by  local  upheavals  and  depressions,  these  insures  are 
almost  invariably  at  right  angles  to  the  coast-line :  each  is  entirely  inde- 
pendent of  its  neighbour,  and  ionnsin  itself  a  small  rivulet,  \\hich  takes  its 
origin  from  tlu»  supeixnturatioii  of  the  chalk,  and  ilo\vs  duwn  collating  water 
as  it  goes,  and  finally  discharges  itself  into  the  sea.  The  sides  of  these 
fissures  are  gem  Tally  of  the  colour  of  mahogany,  caused  by  the  infiltration  of 
small  particles  of  the  upper  clays,  and  are  polibhcd  by  the  continuous  friction 
of  the  water.  The.  fissmcs  vary  iu  size,  bul  are  seldom  more  than  a  few 
inches  in  width,  and  generally  not  more  than  •*  of  an  inch;  there  is  there- 
fore considerable  resistance  to  the  passage  of  the  water,  and  consequently  as 
the  body  of  the  chalk  gets  full  the  pressure  keeps  on  increasing,  a<  shown  by 
the  varying  level  of  the  water  in  the  wells.  The  diagram  on  the  wall  shows 
the  quantity  of  lainfall  of  each  month  for  the  10  years  ISO:?  to  1872,  and 
also  the  fluctuations  of  the  level  of  the  -\\ater  in  the  wells  on  the  Lewes 
lloud.  This  latter  varies,  as  will  lie  seen,  from  as  low  as  o  feet  in  depth  in 
the  autumn  of  the  year  18UI  to  as  much  as  88  feet  in  depth  in  the  spring  of 
the  year  IS(>(J.  Speaking  generally,  the  maximum  quantity  of  water  in  the 
chalk  is  in  March  each  year,  and  the  minimum  in  October  to  December;  and 
the  curve  formed  by  the  depths  of  the  water  follows  that  of  the,  quantity  of 
rain  at  an  interval  of  four  months,  the  highest  part  of  the  one  curve  being 
nearly  coincident  with  the  lowest  of  the  other.  It  follows  that  the  chalk  is 
acting  exactly  as  u  storage  reservoir,  and  is  receiving  the  surplus  rainfall  of 
the  months  of  October,  November,  December,  and  January  (when,  in  con- 
sequence of  the  low  temperature  and  tho  comparative  sluggishness  of  vege- 
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tation,  nearly  all  that  falls  goes  down  to  feed  the  springs),  and  giving  out  in 
-the  summer  the  quantity  so  stored,  At  intervals  the  reservoir  becomes  full 
.to  overflowing,  and  then  is  seen  the  same  phenomenon  which  is  known  in 
the  Caterham  valley  as  the  rise  of  the  Bourne,  and  the  surplus  water  bursts 
out.  This  happened  in  1852  in  the  Preston  valley,  when  there  was  a  con- 
siderable stream  running  down  the  London  Road,  and  in  I860  in  the  Lewcs- 
lload  valley,  when  the  basements  of  the  houses  were  flooded  with  the  spring- 
water.  A  similar  bourne  or  overflow  occurs  periodically  after  wet  seasons 
and  runs  down  through  the  town  of  Lewes. 

The  course  of  the  rainfall,  in  its  passage  to  the  sea,  is  still  further  illus- 
trated by  four  sections.,  which  show  the  depth  of  water  in  a  number  of  wells, 
soundings  of  which  were  all  taken  at  the  same  time.  Sections  A,  B,  C  give 
the  soundings  of  wells  situated  in  lines  running  northward  from  the  sea,  and 
as  nearly  as  possible  at.  right  angles  to  the  coast-line.  Section  D  gives  the 
depths  of  several  wells  dug  at  about  the  same  distance  from  the  sea,  along 
a  line  running  from  E.  to  W.  It  will  be  seen  that  there  is  a  uniform  slope 
in.  the  water-level  of  the  chalk  in  the  former  sections,  whilst  the  water- 
level  in  the  latter  is  almost  the  same  throughout.  The  furthest  of  the  wells 
in  sections  A,  B,  C  is  not  more  than  2  miles  from  the  sea ;  but  levels  taken 
to  a  well  lately  sunk  at  the  foot  of  the  chalk  escarpment,  about  1  mile  east 
of  the  end  of  Clayton  Tunnel,  show  that  the  water  there  stands  at  the  height 
of  about  250  feet  above  low  water,  and  that  the  line  of  the  water  in  section 
B  B  would,  if  produced,  very  nearly  cut  that  of  the  well  just  mentioned, 
which  is  about  0  miles  in  a  direct  line  from  the  coast. 

Up  to  the  year  1805  the  whole  of  the  town  was  supplied  from  the  Lewes- 
Road  Works ;  but  in  that  year  it  was  determined,  in  consequence  of  the 
great  demand  for  water,  to  erect  another  pumping-station  on  the  west  side. 
Accordingly  a  well  was  sunk  at  Coldstono  Bottom,  and  tunnels  driven  to  the 
extent  of  about  a  quarter  of  a  mile  across  the  valley,  parallel  to  the  sea. 
Goldstone  Bottom  is  a  naturally  formed  basin  in  the  chalk,  the  lowest  side 
of  which,  nearest  the  sea,  is  more  than  (30  feet  higher  than  the  middle  or 
bottom  of  the  basin.  The  water  is  obtained,  as  at  Lewes  Road,  from  fissures 
running  generally  at  ri^ht  angles  to  the  coast-line ;  but  they  are  of  much 
larger  size  and  at  tar  greater  distances  from  each  other  :  whereas  at  the  Lewes- 
lload  Works  it  is  rare  that  HO  feet  of  tunnels  were  driven  without  finding 
a  fissure,  and  the  produce  of  the  largest  was  not  more  than  1 00  to  1 50  gallons 
per  minute,  at  Goldstone  nearly  100  feet  wore  traversed  without  any  result, 
and  then  an  enormous  fissure  was  pierced,  which  delivered  at  once  quite  1 000 
gallons  per  minute;  and  the  same  interval  was  found  between  this  nnd  the 
ne::t  fissuro,  which  was  of  a  capacity  very  nearly  as  great.  In  consequence  of 
the  great  size  of  these  there  is  a  much  freer  vent  to  the  sea,  and  the  water 
stands  relatively  to  the  Lewes-Road  valley  at  a  much  lower  level,  being  gene- 
rally not  more  than  25  feet  above  low  wat  cr.  The  fluctu  ations  also  of  the  water 
are  not  great,  the  difference  of  the  quantity  of  water  being  felt  rather  by  the 
impossibility  of  the  pumps  lowering  its  level  than  in  its  rising  higher. 

The  total  length  of  the  tunnels  at  Lewes-Road  Works  is  2400  feet,  and  at 
Goldstone  1300  feet. 

So  much  for  the  sources  of  the  water.  A  short  description  of  the  pumping 
and  distributing  works  must  now  bo  given. 

The  district  supplied  by  the  waterworks  comprises  not  only  the  parish  of 
Brighton,  but  the  neighbouring  parishes  of  Hove  and  Preston.  The  number 
of  houses  supplied,  which  in  1854  did  not  much  exceed  7000  when  the  new 
Company  purchased  the  works,  had  risen  on  the  1st  of  August  last,  when 
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they  were  transferred  to  the  Corporation,  to  18,000.  The  number  of  inhabi- 
tants at  the  last  census  in  the  whole  district  was  103,000,  to  which  must  ho 
added,  in  the  fashionable  season,  from  30,000  to  50,000  visitors. 

The  area  of  the  district  is  considerable,  being,  as  nearly  as  possible,  four  miles 
in  length  from  east  to  west,  and  about  two  miles  from  north  to  south.  The 
ground  is  very  undulating,  varying  in  level  from  30  feet  above  the  sea  to  as 
much  as  450  feet.  In  order  to  avoid  lifting  the  water  higher  than  is  neces- 
sary and  at  the  same  tiino  to  prevent  undue  pressure  on  the  service-pipes 
and  fittings,  the  plan  has  been  adopted  of  dividing  the  district  into  four  zones 
or  services,  each  fed  by  its  own  reservoir  or  reservoirs,  with  its  own  system 
of  main  pipes.  The  highest  zone  (at  present  but  little  built  upon)  is  com- 
manded by  a  reservoir  containing  500,000  gallons,  built  at  a  height  of  4.V) 
feet  above  the  sea,  on  the  Down,  about  half  a  mile  north  of  the  Grand  Stand 
of  the  racecourse. 

Tho  next  zune  is  called  the  high  service.  It  is  fed  from  two  reservoirs — 
one  at  Park  Itoad  on  the  cast,  containing  500,000  gallons,  awl  the  other  on 
the  Dyke  Road,  on  the  west  side,  containing  000,000  gallons  ;  both  of  these 
arc  at  the  same  level  of  300  feet  above  the  sea  ;  they  are  connected  by  distri- 
buting mains,  and  give  a  supply  to  about  two  ninths  of  the  town. 

The  third  zone  is  the  middle  service,  supplying  about  three  ninths  of  the 
whole  number  of  inhabitants.  It  draws  its  supply  from  a  reservoir  ntiar 
Brighton  Park,  containing  l2,OnO,000  gallons,  the  water-level  being  220 
foot  above  the  sea. 

The  remaining  or  low  service  supplies  about  four  ninths  of  the  whole,  and 
is  fed  from  two  reservoirs — one  above  tho  Lewes-Koud  Works  containing 
1,000,000  gallons,  and  the  other  at  Goldstonc  .Bottom  (>OU,UOO  gallons. 
Those  are  at  the  level  of  150  feet  above  the  sen. 

The  high  and  low  services,  as  already  mentioned,  have  rescivoirs  at  the 
same  level  on  both  sides  of  the  town,  with  main  pipes  conned  ing  them 
together.  Those  on  the  west  side  were  constructed  in  KS(J3  and  JbGr>,  ^lien 
the  western  districts  increased,  and  it  was  found  difficult,  in  consequence  of 
the  great  length  of  the  supply  main,  to  give  proper  pressure  at  the  extremi- 
ties of  the  districts.  Tho  eilcct  of  putting  them  at  the  same  level  is  that 
during  the  night,  when  little  water  is  drawn  by  tho  consumers,  the  water 
pumped  into  the  reservoirs  on  the  one  side  passes  through  the  mains  to  those 
on  the  other,  and  becomes  available  in  the  morning  for  serving  the  houses,  the 
supply  being  drawn  at  an  equal  pressure  from  both  reservoirs  simultaneously, 
the  length  of  the  supply  mains  being  thus  practically  reduced  by  one  half. 

All  the  zones  are  connected  together,  and  stopcocks  are  arranged  so  that, 
in  case  of  fire,  the  water  from  tho  upper  can  be  let  down  into  the  lower 
service  mains,  self-acting  valves  being  fixed  on  the  outlet  of  each  reservoir 
to  prevent  the  passage  into  it  of  the  water  from  the  reservoir  above. 

The  total  quantity  of  water  pumped  daily  varies  from  2%  millions  in  the 
winter  to  3  millions  in  the  summer  months.  The  amount,  per  head  per  diem 
is  from  1 7  to  20  gallons,  including  street  watering  and  large  consumers. 

The  water  is  supplied  both  on  the  intermittent  and  constant  system. 
When  the  new  Company  obtained  their  first  Act,  the  intention  was  to  furnish 
a  supply  only  on  the  constant  service ;  but  on  buying  the  old  works  they  found 
themselves  unable  to  keep  up  the  supply  in  consequence  of  the  enormous 
waste  of  water  caused  by  the  old  fittings  in  the  houses  ;  and  as  they  could 
not  obtain  any  relief  in  the  shape  of  delay,  but  wore  obliged  at  once  to  give 
constant  service,  the  Directors  determined  to  lay  a  duplicate  set  of  service- 
pipes  in  every  street,  so  that  when  called  upon  they  could  give  either  form 
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of  supply  to  every  house.  This  was  done,  and  Brighton  is  now  in  tho 
position  of  being  able  to  give  constant  service  to  one  house,  and  intermittent 
to  the  house  next  door  in  tho  same  street.  The  number  of  constant-service 
customers  now  amounts  to  about  5000. 

The  pumping-power  at  the  two  stations  of  Lewes  lload  and  Goldstone 
Bottom  is  as  follows  : — 

At  Lewes  Koad  there  are  two  engines  of  the  nominal  power  of  100  horses 
and  150  horses  respectively,  the  one  capable  of  raising  out  of  the  wells 
130,000  gallons  per  hour,  and  the  other  150,000  gallons  per  hour:  tho 
boiler-power  at  this  station  is  equal  to  about  350  horses. 

At  Goldstone  Bottom  there  is  one  engine  of  the  nominal  power  of  150 
horses,  raising  150,000  gallons  per  hour,  and  supplied  with  steam  from  three 
boilers  of  the  collective  power  of  .240  horses  nominal. 

The  wells  and  tunnels  at  each  station  are  capable  of  affording  at  the 
dryest  season  the  maximum  daily  supply  of  3  millions  of  gallons. 

The  engines  arc  all  ou  Woolf  s  principle,  high  and  low  pressure  condensing 
beam-engines,  the  smaller  cylinder  being  28  inches  diameter,  and  the  larger 
4(3  inches,  the  stroke  of  the  latter  being  8  feet.  They  are  erected  directly 
over  tho  wells,  which  are  of  an  elliptical  shape,  12  feet  across  the  longer  and 
8  foet  across  the  shorter  axis.  The  centre  of  the  beam  i.s  immediately  over 
the  centre  of  tho  well.  Ou  each  side  of  the  centre,  ufc  the  bottom  of  tho 
wells,  is  fixed  a  single-acting  pump  2i)f  inches  diameter,  3-feet  stroke : 
these  pumps  raise  the  water  into  the  low-service  reservoirs  above  described. 
Also  under  the  beam,  at  the  crank  end,  is  iixcd  a  bucket  and  plunger 
double-acting  pump,  drawing  its  water  from  the  delivery  of  the  deep-well 
pumps,  and  forcing  it  to  the  high  or  middle  service  at  pleasure :  this  pump 
is  2  feet  diameter,  4-ieet  stroke.  At  the  Lcwes-lload  Works  there  are  also 
two  sets  of  three  throw-pumps  capable  of  raising  400  gallons  per  minute 
each,  and  at  Goldstone  a  horizontal  double-acting  pump,  equal  to  000  gallons 
per  minute,  for  the  middle  service.  The  highest  service  of  all  is  fed  only 
from  tho  Lcwes-ltoad  Works,  there  being  a  separate  double-acting  pump 
under  each  engine  at  that  station  exclusively  for  its  supply. 

Thus  each  of  the  engines  at  the  same  time  can  pump  into  all  tho  throe 
zones  or  services,  and  keep  up  the  supply  without  any  manipulation  of  coeks 
and  valves,  and  without  altering  the  working  pressure  on  the  engine* 

The  reservoirs  are  all  constructed  in  the  chalk  of  brickwork,  without  any 
puddle ;  they  are  lined  with  two  courses  of  tiles  in  pure  cement,  and  are  arched 
over  with  4£  arches  in  cement,  and  covered  12  inches  to  18  inches  deep 
with  soil.  This  arrangement  keeps  the  water  perfectly  pure  and  cool,  and 
prevents  the  vegetation  which  grows  so  quickly  in  chalk  water  when  exposed 
to  the  action  of  light  and  air.  From  the  time  of  its  leaving  the  tunnels  at 
the  bottom  of  the  wells  to  its  being  delivered  into  the  houses  it  is  never 
exposed  to  any  contaminating  influence,  and  is  thus  used  by  the  inhabitants, 
especially  those  on  the  constant  service,  in  a  perfectly  pure  state. 

It  will  be  seen  from  the  foregoing  that — 

1.  There  arc  two  distinct  sources  of  supply,  each  sufficient  at  the  dryest 
season  to  give  the  maximum  quantity  required,  and  capable  of  still  further 
development  as  the  town  increases. 

2.  There  are   three  sets  of  puinping-apparatus,  each  equal,  on  an  emer- 
gency, to  the  delivery  of  this  maximum  quantity  in  24  hours. 

3.  There  is  besides  a  reservoir  storage  of  two  days'  supply,  on  tho  average, 
for  each  zone  or  service. 
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On  Amsler's  Planimeter.     By  F.  J.  BKAMWELL,  C.E. 

[A  communication  ordered  by  the  Q-erioral  Committee  to  be  printed  in  extenso.] 

THIS  machine  for  measuring  the  area  of  any  figure,  however  irregular,  by  the 
mere  passage  of  a  tracer  round  about  its  perimeter,  has  now  been  in  use  for 
some  years  ;  but,  so  far  as  the  writer  is  aware,  no  easily  intelligible  statement 
of  its  principles  of  action  has  ever  been  made?  public. 

Although  no  doubt  the  mere  construction  of  the  planimeter  is  now  generally 
known,  it  may  enable  the  explanation  which  is  about  to  be  offered  to  be 
more  easily  followed  if  a  sketch  of  the  actual  machine,  as  at  work  upon  a 
map,  be  given  here  (see  fig.  1 ). 


Assume  the  planimoter  to  bo  anchored  by  its  point  X,  and  the  tracer  T  to 
be  at  some  place,  say  A,  on  the  circumference  of  the  area  to  be  ascertained ; 
and  assume  the  indices  on  the  first  wheel  II  and  on  the  second  wheel  S  to  be 
at  zero,  and  that  then  the  tracer  T  bo  carried  along  the  perimeter  of  the 
area  in  the  direction  of  the  arrows  (with  the  sun),  the  indices  will  give  a 
reading  up  to  four  figures,  which  will  represent  square  inches,  to  two  places 
of  whole  numbers  and  to  two  places  of  decimals. 

This  movement  of  the  indices  is  effected  by  the  wheel  R,  the  edge  of  which 
bears  upon  the  paper,  so  that  as  the  tracer  T  is  made  to  go  round  about  the 
figure  to  be  measured,  the  wheel  11,  from  its  contact  with  the  paper,  receives 
rotary  motion,  and  by  means  of  the  worm-pinion  L  and  worm-wheel  ?/, 
communicates  a  diminished  motion  (1-lOth)  to  the  horizontal  wheel  $. 

1872.  2  E 
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The  circumference  of  the  wheel  II  is  "  divided,"  and  it  works  against  a  vernier 
at  y ;  the  horizontal  wheel  s  gives  "  tens"  in  square  inches,  the  larger  divisions 
on  tho  travelling  wheel  E  "  units,"  the  smaller  divisions  on  that  wheel 
"  tenths,"  and  tho  vernier  "  hundredths  "  of  square  inches.  All  that  has  to 
be  done  for  ascertaining  an  area  is  to  read  the  indices  after  the  machine  is 
anchored  and  the  tracer  is  put  to  the  starting-point;  but  before  it  is  started,  to 
book  the  reading,  to  re-read  after  the  circuit  of  the  figure  has  been  made,  and 
then  to  deduct  the  first  reading  from  tho  second ;  the  remainder  gives  the 
area  (in  square  inches  and  decimals)  of  tho  particular  figure. 

The  foregoing  being,  briefly  stated,  tho  construct  ion,  the  manner  of  using, 
and  the  result  of  that  using  of  tho  planimcter,  it  now  remains  to  endeavour 
to  show,  as  intelligibly  as  possible,  why  it  is  that  such  an  implement,  by 
merely  following  the  boundary  of  a  figure,  should  give  with  absolute 
accuracy  the  area  of  that  figure. 

Such  a  proposition  at  first  sight  appears  to  involve  an  impossibility.  One 
is  in  the  habit  of  saying,  and  of  most  truly  saying,  that  there  is  no  fixed 
relation  between  perimeter  and  area;  and  of  saying,  moreover  (and  also  truly), 
that  not  only  is  this  the  fact  when  areas  of  great  irregularity  are  dealt  with, 
but,  as  regards  direct  proportion,  it  is  also  the  fact  when  the  most  regular 
figures  (figures  in  all  respects  the  same,  except  in  their  actual  size)  are  under 
consideration;  for  it  is  as  true  that  the  circumferences  of  perfectly  regular 
figures  like  circles  bear  no  more  fixed  direct  proportion  to  the  areas  of  those 
circles,  unless  tho  exact  size  be  known,  as  it  is  true  that  the  coast-line  of 
Norway,  indented  with  its  deep  fjords,  bears  no  more  relation  to  the  area 
of  that  romantic  country  than  the  perimeter  of  a  prosaic,  rectangular  portion 
of  the  United  States  bears  to  the  square  miles  of  prairie  contained  within  it. 
These  things  being  so,  it  does,  as  has  already  been  said,  seem  at  first  sight 
absurd  to  endeavour  to  obtain  from  the  traverse  of  a  perimeter,  be  that 
perimeter  the  most  regular  imaginable  (and  if  possible  still  more  absurd  when 
that  perimeter  may  be  the  most  irregular  imaginable),  the  correct  area  con- 
tained within  it,  not  merely  in  terms  of  the  perimeter,  but  in  a  definite  stan- 
dard measurement,  such  as  square  inches. 

As  a  preliminary  to  the  investigation  of  the  action  of  an  elementary  plani- 
mcter, let  the  results  of  the  moving  of  a  plain  cylinder  in  contact  with  a  ilat 
surface,  and  under  certain  varying  conditions,  be  considered. 

Assume  a  cylinder,  as  A  in  fig.  2,  and  that  it  is  intended  to  move  that 
cylinder  parallel  with  itself  in  the  direction  shown  by  the  arrow,  over  the 
length  x  y.  The  cylinder  may  be  (1st)  at  right  angles  to  the  direction  in 
which  it  is  to  be  traversed,  as  in  A  A1.  If  under  these  circumstances  the 
cylinder  be  moved  from  x  to  y  and  brought  into  the  position  as  dotted  at  A1, 
the  motion  will  be  entirely  one  of  rolling,  without  any  sliding  whatever ;  and 
if  there  were  upon  the  surface  a  trace  (.r  y}  of  ink  capable  of  making  a  mark 
upon  the  cylinder,  there  would  be  found  circumferentially  upon  it.,  when  it 
had  reached  the  new  position,  a  line,  the  length  of  which  would  be  equal  to 
xy.  (2nd)  The  cylinder  maybe  placed  with  its  axis  parallel  to  the  direction 
of  motion,  as  at  A  A3 ;  then  no  rolling  action  would  take  place,  but  the  cylinder 
would  simply  slide  endways  upon  the  surface.  The  cylinder  would,  however, 
still  bear  upon  it  the  trace  x  y,  equal  in  length  to  the  distance  it  had  moved 
through,  but  that  trace  would  be  obviously  a  mere  straight  line  in  the  direction 
of  the  axis  of  the  cylinder.  (3rd)  The  cylinder  may  be  in  a  position  inter- 
mediate between  that  of  A  A1  and  A  A2 ;  that  is  to  say,  may  be  neither  nt 
right  angles  to  the  line  of  motion,  as  in  A  A1,  nor  parallel  with  the  line  of 
motion,  as  in  A  A2,  but  at  an  angle  therewith,  as  in  A  A'1.  Tn  this  instance. 
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on  tho  cylinder  being  caused  to  traverse  from  x  to  y,  the  motion  will  be  one 
compounded  of  rolling  and  of  sliding ;  the  trace  will  etill  be  made  on  the 
cylinder  ;  the  length  of  that  trace  will  be,  as  before,  the  length  x  y,  but  the 
trace  will  now  bo  a  spiral,  which  may  be  developed  into  tho  triangle  x  y  z, 
and  the  base  x  z  will  bear  such  a  relation  to  the  hypotenuse  x  y  as  the 
base  m  n  of  the  triangle  m  n  o  bears  to  tho  hypotenuse  n  o.  But  it  has  been 

Fig.  2. 


said  that  in  tho  journey  from  .r  to  y  the  cylinder  will  have  had  a  motion 
compounded  of  sliding  and  of  rolling ;  tho  extent  of  the  rolling  will  clearly 
bear  that  proportion  to  the  total  traverse  x  y  that  the  base  m  n  bears  to  the 
hypotenuse  n  o ;  and  this  proportion  may  obviously  be  any  thing  between  the 

2  E  2 


404 


REPORT — 1872. 


absolute  equality  which  would  exist  in  A  A1  down  to  the  absence  of  all  rolling 
motion  which  would  obtain  in  the  case  of  A  A2. 

These  preliminaries  being  stated,  let  it  be  inquired  how  they  apply  to  the 
action  of  the  planimeter.  For  this  purpose  it  will  be  well  to  refer  to  the 
sketch,  fig.  3.  This  sketch  shows  an  imaginary  elementary  planimeter,  used 

Fig.  3. 
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to  ascertain  the  area  of  the  rectangle  A  B  C  D,  the  length  of  each  of  its  sides 
A  8,  C  D  being  5  inches,  and  the  length  of  each  of  its  ends  DA,  C  B  being  2 
inches,  so  that  its  area  is  10  inches.  Let  M  be  a  block  carrying  the  pivot  N 
and  capable  of  sliding  in  the  straight  groove  0  0  in  the  bridge  P,  pinned  down 
over  the  paper,  and  let  Q  be  a  rod  pivoted  at  N,  and  say,  for  the  sake  of 
illu.stration,  5  inches  long  from  the  pivot  N"  to  the  tracer  T  at  its  opposite 
end ;  and  lot  it  have  on  it,  say  at  11,  a  wheel  11,  having  a  circumference  of 
exactly  2  inches ;  and  also,  for  the  sake  of  a  second  illustration,  let  there  bo 
similar  wheels  as  E',  11"  free  to  revolve  on  the  rod  Q,  at  distances  greater 
than  the  distance  of  the  wheel  E  from  the  pivot  N ;  and  let  there  be  to  one 
of  the  wheels,  say  E,  a  pointer  S,  to  enable  the  graduated  divisions  on  the 
drcamference  of  E  to  be  read  off. 
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Now  lot  it  bo  assumed  that  the  tracer  T  is  moved  from  C  to  D ;  tho  result 
will  bo  that  during  the  motion  tho  block  M  will  gradually  pass  along  the 
groove  0  until  tho  time  when  the  tracer  T  has  reached  1);  and  then,  as  the 
length  of  the  rod  Q  is  exactly  5  inches,  equal  to  the  length  of  the  side  C  I) 
(5  inches),  the  block  M  muRt  have  passed  along  the  groove  0  until  the  centre 
N  in  that  block  is  immediately  over  the  point  C,  and  tho  centre  line  of  Q,  is 
coincident  with  the  line  C  T).  If,  now,  the  tracer  T  be  moved  along  the  2 
incites  from  T)  to  A,  the  block  M  must  move  parallel  with  it,  and  the  axis  Q 
of  tho  wheels  ]*,  It',  11"  will  therefore  be  at  right  angles  to  the  line  cf  motion, 
and  the  wheels  themselves  will,  like  the  cylinder  A  in  A  A1  of  fig,  2,  have  a 
rolling  motion,  and  a  rolling  motion  only  ;  and  thus  by  the  time  the  tracer  T 
has  reached  tho  point  A,  those  wheels  will  each  have  made  an  entire^  revolu- 
tion. If,  now,  the  circumference  of  II  or  IV,  11"  has  been  divided  into  ten 
equal  parts,  ind  if  on  setting  out  from  1)  pains  had  boon  tukm  to  put  the 
wheel  It  with  its  zero  mark  to  the  pointer  8,  it  would  be  found,  on  the  arrival 
of  the  wheel  at  A,  that  it  had  made  an  entire  revolution,  and  that  therefore 
the  index  would  read  10,  equal  10  square  inches— viz.  the  multiplication  of 
the  length  of  the  radius  Q  (5  inches)  into  the  circumference  of  the  wheel  It 
(2  inches). 

Now  let  it  be  assumed  that  tho  implement  is  to  be  used  for  tho  purpose  of 
measuring  another  rectangle  A  B  01),  also  of  10  inches  area,  having  its  sides 
and  ends  respectively  2  inches  and  5  inches  long ;  so  that  in  this  instance 
(see  fig.  4)  tho  ends  have  the  5-inch  measurement  in  lieu  of  the  2,  and  the 
sides  have  the  2-im-h  in  lieu  of  the  5.  Once  more  let  the  tracer  T  be  moved 
from  C  to  I)  ;  the  block  M  will  now  have  only  passed  along  the  groove  0  a 
comparatively  insignificant  distance  towards  C,  and  the  rod  Q  will  lio  at  the 
angle  shown,  so  that  it  will  form  tho  hypotenuse  (3  inches  long)  of  a 
triangle  of  which  the  base  will  be  C  I)  (2  inches  long).  If,  now,  the  tracer  T 
bo  moved  from  1)  to  A  (f>  inches),  the  block  M  will  make  a  similar  motion  in 
the  groove  O  ;  and  when  the  tracer  T  lias  reached  A.  the  rod  Q  will  have 
moved  parallel  to  itself,  and  will  bo  found  in  tho  position  shown  in  fjg.  5. 
But,  as  has  already  been  said  when  speaking  of  A  A3  of  fig.  2,  if  a  cylinder 
capable  of  rotating  be  caused  to  move  over  and  in  contact  with  a  surface 
when  it  is  in  a  position  neither  parallel  with,  nor  at  right  angles  to,  tho  line 
of  motion,  and  if  it  be  made  to  preserve  its  own  parallelism,  the  result  will 
be  a  motion  compounded  of  sliding  and  of  rolling,  and  tho  amount  of  tho 
rolling  will  bear  such  a  relation  to  tho  \\holo  motion  as  tho  base  w  n  boars 
to  the  hypotenuse  n  o.  In  the  instance,  therefore,  under  consideration  the 
ratio  of  revolution  to  tho  whole  motion  will  be  that  of  2  to  ."> ;  therefore  if  the 
zero  on  the  wheel  It  were  brought  to  tho  pointer  S  at  tho  titno  of  sotting 
out  from  I),  it  would  be  found,  when  the*  tracer  had  arrived  at  the  end  A  ot 
its  f>-inch  journey  T)  A,  that  tho  wheel  R  would  have  made  just  one  revolu- 
tion, and  that  the  figure  10.  indicating  10  square  inches,  would  present  itself. 

From  a  consideration  of  tho  foregoing  two  eases,  it  will  ho  POOH  that  the 
'  rate  "  of  rotation  of  the  wheel  It,  when  it  moves  along  the  lino  1>  A,  depends 


upon  the  length  of  the  lino  CD,  and  the  " quantity "  of  such  rotation  jipon 
that  of  tho  lino  1)  A.  Those  two  expressions,  "  rato  "  and  «  quantity,  will 
be  used  hereafter  in  the  above  senses. 

As  an  illustration  of  "  rate  "  and  "  quantity,''  suppose  that  the  rectangle  of 
ii"  3  had  only  boon  half  as  long  as  the  one  that  has  been  considered,  namely 
2?" inches  and  bad  been  bounded  by  the  line  !>'  AJ ;  if,  then,  the  tracer  had 
been  moved  from  !>'  to  A1,  the  "  rate"  of  revolution  of  the  wheels  It  &c. 
would  have  been  one  half  of  tho  total  distance  moved  through  by  the  tracer, 
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because  C  D'  (equal  2£  inches)  is  one  half  of  the  length  of  the  rod  Q.  Tho 
"  quantity  "  of  motion  in  going  along  D'  to  A1  would,  however,  have  heen  the 
same  as  it  was  in  passing  from  D  to  A,  because  D'  A1  equals  DA;  but  an 


Fig.  4. 
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equal  "  quantity  "  into  half  the  "  rate  w  will  ouly  give  half  the  total  amount, 
and  therefore  the  wheels  11  would  have  recorded  a  half  revolution,  equal  5 
square  inches,  thus  accurately  giving  the  area  C  D',  A1  B.  On  the  other  hand, 
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assume  that  tho  height  of  the  rectangle  had  been  halved,  and  that  it  had  been 
bounded  by  tho  lines  C  D,  D"  B1,  then  the  wheels  11  &c.  in  traversing  from  D 
to  D"  would  do  so  at  their  full  "  rate  "  of  revolution,  the  line  C  D  being  5 
inches  long ;  but  the  "  quantity  "  of  such  revolution  would  only  be  half  that 
which  it  was  in  going  from  D  to  A,  because  DD"  is  only  half  DA,  and 
therefore  tho  wheels  again  would  register  but  a  half  revolution,  indicating 
truly  tho  5-inch  area  of  tho  5-inch  by  1-inch  parallelogram  D  D",  B1  C. 

In  each  of  the  foregoing  cases  it  has  been  assumed  that  the  index  is  read 
when  the  apparatus  is  about  to  start  from  D,  and  is  re-read  when  it  reaches  A. 
Such  a  reading  would  bo  quite  sufficient  in  the  case  of  a  rectangle  where  the 
groove  O  0  is  assumed  to  be  in  the  prolongation  of  one  of  the  sides  (B  C) ; 
but  under  any  other  circumstances  the  complete  circuit  of  the  figure  must  be 
made.  To  test  this,  let  it  be  assumed  that  th"  tracer  T  starts  from  C,  and  that 
the  index  on  11  is  read  just  before  the  starting,  and  then  let  it  be  examined 
when  the  tracer  T  has  reached  D ;  it  will  bo  found  that  the  wheel  It  has 
received  an  amount  of  rotation  approximately  that  due  to  its  traversing  tho 
arc  of  the  radius  X  11,  that  It'  lias  received  a  larger  amount  of  traverse,  and  It" 
a  still  larger  amount,  owing  to  their  greater  distance  from  the  centre  N  ;  but 
it  will  bo  afterwards  found  that  these  amounts  of  revolution  may  be  wholly 
neglected,  and  that  they  will  not  come  into  the  final  computation,,  because, 
assume  the  tracer  T  to  have  attained  to  the  point  A  and  to  have  put  into  tho 
wheels  It,  It',  It"  the  one  revolution  which  it  has  been  seen  that  traverse  would 
give,  those  wheels  would  bo  found  at  A  (were  there  any  means  by  multi- 
plying gear,  as  in  the  actual  machine,  to  record  more  than  the  one  revolution) 
to  have  made  the  one  revolution  earh,  plus  the  van  ing  amounts  of  revolution 
which  they  would  have  received  in  their  journey  from  C  to  1).  But  iu  their 
back  journey  from  A  to  B  it  is  manifest  they  will  each  of  them  unwind  (if 
such  a  phrase  may  bo  used)  exactly  the  quantity  of  revolution  which  was 
put  into  them  in  moving  from  C  to  I).  Further,  during  the  passage  from  B 
to  C  to  complete  the  circuit,  the  direction  of  motion  being  parallel  with  the 
position  of  the  rod  Q,  tho  axle  of  the  wheels  It,  It',  It",  no  rolling  movement 
will  be  communicated  to  them,  as  they  will  be  in  the  condition  of  the  cylinder 
A  A'J  of  fig.  2,  and  will  merely  slide  over  the  paper,  so  that  on  the  arrival  of 
the  tracer  T  at  C,  having  made  tho  circuit  of  the  rectangle,  there  will  be 
found  in  them  the  one  revolution,  and  neither  more  nor  less  than  the  one 
revolution,  generated  by  tho  traverse  from  1)  to  A. 

Tho  next  point  to  bo  pro\ed  is  the  manner  in  which  the  implement  will 
truly  record  if  the  groove  0  ()  be  not  on  the  line  produced  by  prolonging  one 
side  of  the  rectangle.  Let  fig.  (J  represent  a  rectangle,  say  2  inches  long  on 
its  side  CD  and  5  inches  high  at  its  end  DA,  and  containing  therefore  10 
square  inches,  and  let  X  Y  bo  a  line  parallel  with  B  C,  and  as  far  removed 
(2  inches)  on  tho  right  hand  from  it  as  D  A  is  removed  from  it  on  the  left 
hand,  and  let  the  groove  0  0  be  on  the  lino  X  Y  ;  then,  if  the  tracer  T  were 
to  stand  at  C,  and  the  wheels  It  ifec.  were  at  zero,  and  if  the  tracer  were 
then  moved  along  the  line  CB,  there  would  be  put  an  amount  of  revolution 
into  It  which  would  be  compounded  of  the  "  rate  "  due  to  the  length  YC 
and  of  th«  "  quantity  "  belonging  to  tho  length  C  B,  or  2  multiplied  by  5 
equal  10  inches,  equal  one  revolution  of  It.  But  if  now  tho  tracer  T  bo 
brought  back  again  along  the  line  BC,  the  wheel  It  will  unwind  the  revolu- 
tion that  was  put  into  it,  and  on  its  return  to  C  will  be  found  at  zero. 

Having  thus  premised  that  during  the  passage  of  the  tracer  T  from  B  to  0 
the  wheel  It  will  have  unwound  or  made  a  negative  quantity  expressive  of 
the  rectangle  B  X  Y  t>,  let  the  measurement  of  A  B  C1  D  be  considered.  As- 
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surne  the  tracer  to  start  from  C,  and  the  wheels  II  &c.  to  be  at  zero,  then  in 
the  passage  from  C  to  D  varying  revolutions  would  be  put  into  these  wheels 
corresponding  approximately  with  the  length  of  their  arcs  about  the  centre  N ; 

Fig.  6. 


A 


B 


then,  on  the  arrival  of  the  tracer  at  "D,  the  ratio  for  the  "  rate  "  of  truce  between 
I)  and  A  will  be  established,  vi/.  Ihe  proportion  which  Y  1)  (4  indies)  boars 
to  the  5-hich  length  of  Q,  equal  four  fifths  of  the  motion  which  the  tracer  T 
is  about  to  make  along  I)  A  ;  but  the  distance  T)  A  is  T>  inches,  and  therefore 
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the  wheels  11  &c.  will  make  a  further  4  inches  of  circumferential  movement, 
equal  2  revolutions,  indicating  20  square  inches.  If,  now,  the  tracer  T  be 
moved  from  A  to  B,  there  will  clearly  be  unwound  from  all  the  wheels  R  &c. 
the  amount  of  motion  that  was  put  into  them  in  traversing  from  C  to  D, 
and  thus  the  wheels  R  &c.  will  all  be  left  with  the  double  revolution  indicative 
of  20  square  inches.  The  only  side  remaining  to  be  passed  over  is  that  from 
B  to  C;  and  if  this  traverse  wero  devoid  of  effect  on  the  wheels  R  &c.,  as  the 
traverse  from  B  to  C  was  in  the  cases  of  figures  3,  4,  and  5,  then  the  imple- 
ment on  arriving  at  C,  at  the  end  of  the  circuit,  would  record  double  the 
proper  area,  or  20  inches  instead  of  10;  but  in  the  outset  of  this  paragraph 
it  was  shown  that  the  journey  from  B  to  C  in  fig.  0  would  unwind  exactly 
one  revolution  of  the  wheel  11,  leaving  therefore  ono  revolution  remaining, 
indicating,  as  it  should  do,  10  square  inches  for  the  area  of  A  B  C  D. 

The  next  stop  is  to  show  the  ability  of  the  implement  to  give  the  area 
correctly  of  figures  which  are  not  rectangular.     Assume,  as  in  figure  7,  it  be 


required  to  find  the  area  of  the  triangle  BCD,  and  let  it  be  imagined  that 
in  lieu  of  the  straight  lino  for  the  hypotenuse  B  D  the  boundary  of  the  figure 
on  that  side  were  made  by  a  number  of  extremely  small  steps,  as  sketched ; 
if  then  the  tracer  T  be  made  once  more  to  traverse  from  C  to  D,  the  wheel  11 
will  have  a  certain  amount  of  revolution  given  to  it ;  and  if  it  then  bo  made 
to  rise  through  tho  space  T)  1,  it  will  have  a  "  rate  "  of  revolution  equal  to  the 
length  of  the  line  C  D,  and  a  "  quantity  "  equal  to  the  height  D  1 ;  if  it  then 
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pass  along  the  horizontal  line  1  2,  it  will  unwind  that  proportion  of  the 
revolution,  put  in  on  going  from  C  to  D,  that  is  represented  by  the  length  of 
the  line  12.  If,  now,  it  be  made  to  rise  from  2  to  3,  it  will  have  a  "  rate  "  of 
revolution  equal  to  the  length  of  the  line  G  D — 1  2,  and  a  "  quantity"  equal 
to  the  height  of  the  line  2  3.  If  it  now  be  carried  along  the  horizontal  line  3  4, 
another  portion  of  the  revolution  given  by  C  D  will  be  taken  out ;  and  then 
if  it  be  made  to  rise  from  4  to  5,  a  further  portion  of  a  revolution  will  be  put  in, 
having  for  its  "  rate  "  the  length  of  the  line  C  D — D  4,  and  for  its  "  quantity  " 
the  height  of  the  line  4  5.  This  may  be  followed  through  all  the  steps  into 
which  the  hypotenuse  has  been  broken  up,  and  then  it  will  be  found,  as  is 
obvious,  that  the  sum  of  all  the  horizontal  lines  1  2,  3  4,  5  6,  &c.  is  equal 
to  the  length  C  D,  and  that  the  traversing  of  them  will  therefore  have 
unwound  all  the  revolution  that  the  passage  along  C  I)  had  put  into  the 
wheel  11 ;  but  it  will  also  be  found  that  the  sum  of  all  the  vertical  lines 
2  3,  4  5,  6  7,  &c.  is  equal  to  I)  A ;  and  therefore  the  "  quantity  "  of  revolu- 
tion given  to  the  wheel  K  will  be  equal  to  that  which  it  would  have  had,  had 
it  passed  up  the  lino  D  A,  while  the  means  of  the  lengths  of  C  D — 1  2,  C  1) — 
D  4,  C  D — 1)  (>,  «fcc.  Avill  exactly  equal  the  half  of  C  D,  and  thus  the  condition  of 
the  wheel  E.  in  relation  to  the  index  8  will,  when  it  arrives  by  the  zigzag  path 
at  B,  be  precisely  the  same  as  it  would  havo  been  if  it  had  gone  by  the  way  of 
the  rectangle  C  C'  C"  B,  C  C'  being  half  of  C  ]).  A  large  number  of  very  small 
steps  have  been  taken  in  lieu  of  the  straight  line  hypotenuse  D  B.  Obviously 
a  greater  number  of  much  smaller  steps,  or  an  infinite  number  of  infinitely 
little  steps,  may  bo  substituted,  until  the  traverse  ceases  to  be  made  along  stops 
at  all,  and  becomes  one  along  the  slope  line  1")  B,  in  which  condition  of  tilings 
the  wheel  11  at  any  part  of  the  traverse  of  the  tracer  along  the  hypotenuse 
is  making  a  revolution  compounded  of  the  "rate"  due  to  its  horizontal  distance 
from  C,  and  of  a  "  quantity  "  equal  to  the  rise  from  I).  The  **  quantity"  re- 
mains constant  during  the  whole  journey,  but  the  "rate"  regularly  diminishes, 
and  the  mean  of  all  tho  "  rates  "  is  that  due  to  the  proportion  that  half  the 
length  of  tho  line  C  D  bears  to  N  T,  the  length  of  Q. 

Now  if  it  has  been  proved  that  this  elementary  planimeter,  no  matter 
where  anchored,  can  act  efficiently  in  ascertaining  the  area  of  rectangles  and 
of  triangles,  it  is  self-evident  that  it  could  truly  ascertain  the  area  of  any  other 
figure,  because  there  is  no  figure  from  that  of  the  regular  circle  to  that  of  the 
most  irregular  boundary  which  cannot  be  represented  by  an  indefinite  number 
of  straight  lines  lying  at  various  angles — that  is  to  say,  a  circle  is  only  a  polygon 
of  an  infinite  number  of  sides,  all  equal ;  and  any  irregular  figure  may  be 
divided  into  an  indefinite  number  of  sides,  most  probably  unequal. 

It  may  now  be  said  that  the  elementary  planimeter  has  been  shown  to  have 
its  pivot  N  attached  to  the  guide-block  M  working  up  and  down  in  the  straight 
groove  0,  that  that  groove  has  been  sketched  with  its  axis  either  in  tho  pro- 
longation of  B  C  or  in  a  position  parallel  to  B  C,  whereas  in  tho  actual 
planimeter  there  is  no  such  straight  groove  at  all ;  but  the  pivot  N  is  at  the 
end  of  a  radius  rod,  which  in  its  movement  causes  N  to  pass  through  the  arc 
of  a  circle,  and  that  that  arc  may  have  its  chord  in  almost  any  position  in 
relation  to  the  line  B  C,  and  thus  there  are  disturbing  causes  in  the  planimeter 
as  manufactured  which  do  not  exist  in  the  elementary  planimeter.  Tho 
answer  to  this  objection,  which  at  first  sight  appears  so  well-grounded  a  one, 
is  that  these  differences  between  the  real  and  the  elementary  planimeter  may 
bo  left  out  of  consideration  altogether,  as  they  really  have  no  effect  whatever 
upon  the  action  of  the  implement.  This  can  be  made  clear  in  a  very  few 
words. 
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Assume,  as  in  fig,  8,  that  the  groove  0  0  wero  placed  at  an  angle  to  the 
prolongation  of  the  lino  H  0.  If,  now,  the  tracer  T  be  carried  along  the 
straight  lino  from  0  to  B,  the  block  M  will  have  moved  along  the  groove  O 
to  M,  and  the  wheel  1(  will  be  found  at  II' ;  tin's  will  have  communicated  an 
amount  of  revolution  to  the  wheol  II  due  to  its  change  of  position  to  II ;  the 
other  two  wheels  (If,  11")  will  also  have  majjo  movement**  depending  princi- 
pally on  their  distance  from  N.  Such  revolution  of  It  will  be  given  without 
reference  to  any  area  to  be  measured  by  the  traverse  of  the  tracer  T,  for  that 
has  merely  passed  along  the  straight  line  C  B.  But  on  bringing  the  tracer  T 
back  to  C,  the  block  M  and  wheels  II,  It',  11"  will  be  restored  to  the  positions 
they  held  at  the  outset,  and  in  being  so  restored  the  whole  amount  of  revolu- 
tion put  into  the  wheels  11  &c.  will  bo  unwound. 

But  assume,  that  tho  tracer  T,  instead  of  being  carried  along  the  line  C  B 
and  back  again,  had  been  taken  along  the  sides  of  the  square  CD  A  B  back 
to  C,  tho  pivot  N  would  return  to  identically  the  place  that  it  had  before  the 
circuit  was  commenced;  and  whether  during  that  circuit  X  moved  in  the 
groove  ()  0  as  placed  parallel  to  the  prolongation  of  C  I)  in  fig.  X,  or  in  it  as 
inclined  mid  as  shown  by  full  lines  in  tig.  S,  or  inclined  and  curved  as  dotted 
in  that  figure,  could  make  no  difference  in  the  final  result,  because  whatever 
amount  of  revolution  might  be  given  to  the  wheels  R  &c.  by  the  movement 
of  N  along  the  path  of  the  groove  ()  (be  that  groove  straight  or  curved, 
inclined  or  not  inclined)  would  be  taken  out  of  them  again  on  the  return 
journey  along  that  same  path. 

Three  wheels  ( H,  H',  H")  have  been  shown  loose  on  the  axle  Q  of  the  ele- 
mentary plauimeter ;  this,  as  was  said,  has  been  done  for  the  mere  purpose  of 
illustration,  to  show  that  wherever  situated  they  will  register  just  the  same. 

In  the  actual  machine  as  manufactured  and  sold,  the  position  of  the  wheel 
is  about  that  which  has  been  given  to  H,  and  in  this  position  it  serves  to 
support  the  hinge-joint,  and  is  sufficiently  far  from  the  tracer  T  to  get  rid  of 
the  danger  of  lifting  the  wheel  from  the  paper  if  the  tracer  T  were  held  a 
little  too  high. 

It  is  hoped  it  has  been  made  clear  that  one  revolution  of  the  wheel  II  will 
always  express  an  area  equal  to  the  circumference  of  that  wheel  multiplied 
into  the  length  of  the  rod  Q,  the  radius  N  T  *. 

If  these  elements  are  constant,  the  scale  of  the  planimcter  reading  is  con- 
stant ;  but  if  these  be  capable  of  variation,  then  the  scale  can  l>o  varied.  Ad- 
vantage is  taken  of  this  property  in  the  construction  of  ono  form  of  tho  imple- 
ment in  which  the  length  N  T  is  made  adjustable,  and  thus  the  instrument 
may  be  readily  arranged  to  road  either  French  or  English  superficial  measure. 

The  purposes  tor  which  tho  plauimeter  may  bo  applied  arc  very  numerous. 
It  gives  to  the  Surveyor  the  readiest  means  of  calculating  the  acreage  of 
whole  estates  or  of  separate  fields.  To  the  Hydraulic  Engineer  it  affords  a 
mode  for  ascertaining  with  ease  and  certainty  the  drainage  area  of  a  country, 
or  the  area  of  the  sections  of  rivers,  an  important  thing  when  it  is  desired 
to  obtain  the  dimensions  of  numerous  sections  of  a  stream  to  ascertain  its 
hydraulic  mean  depth.  To  the  Naval  Architect  it  presents  itself  as  an  aid  in 
calculating  the  areas  of  the  successive  sections  of  a  vessel,  and  thus  most 
materially  assists  him  in  readily  determining  not  merely  the  total  displace- 
ment of  a  vessel,  but  those  more  complex  problems  which  he  hns  to  solve. 

*  The  implement  ns  manufactured  and  sold  lias  n  length  of  radius  of  about  4-Jr",  and  a  cir- 
cumference for  the  wheel  B  of  about  2jV',  fti>i"tf  W  «"  the  multiplication.  It  has  been 
staled  in  the  outset  that  one  complete  revolution  of  this  vhcel  records  an  area  of  10  square 
inches. 
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To  the  Mechanical  Engineer  it  is  a  groat  boon,  as  by  its  use  he  is  enable^ 
rapidly  and  with  accuracy  to  find  the  average  pressure  upon  the  piston  of  a 
steam-engine  as  given  by  indicator  diagram :  all  that  is  necessary  is  to 
ascertain  the  area  of  the  figure,  then  to  divide  that  area  by  the  length  and 
the  mean  height;  the  representative  of  the  average  pressure  is  at  once 
obtained.  » 

There  are,  no  doubt,  other  instances  in  which  such  an  implement  is  of  great 
use,  but  the  writer  feels  it  is  unnecessary  to  adduce  them  in  support  of  the 
claim  of  the  planimeter  to  the  consideration  of  engineers  and  of  men  of 
cognate  professions  ;  and  he  brings  his  paper  to  a  conclusion  with'  the  expres- 
sion of  a  hope  that  ho  has  by  the  use  of  plain,  in  fact  homely,  description 
solved  the  problem  which  he  set  himself  in  the  outset,  and  has  made  it  clear 
how  it  is  that  the  area  of  any  figure,  however  irregular,  can  be  recorded  in 
definite  standard  units  of  measurement  by  the  mere  passage  of  a  tracer  along 
the  perimeter  of  that  figure. 
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MATHEMATICS  AM)  PHYSIC'S. 

AtMreMby'WuiHr.x  DK  L\  15  UK,  AW/.,  7J.r  './/.,  7V/.  A,  F.7i.,S'.,  r./'.f'X, 
r./'J/.JX,  I'reault'Ht  of  the  ^ditin. 

MY  predecessors  in  tins  Chair  liavi1  addre^od  you  on  mam  subjects  of  high  interest 
in  Mathematical  and  Physical  Seizure  :  1  iln  not  contemplate  passing  in  review 
the  recent  discoveries  in  Astronomy  or  Physical  Science,  hut  intend  to  confine 
nivself,  in  tho  main,  to  Astronomical  Photography;  and  in  selecting  this  branch  of 
science  as  thi1  subject  of  this  introductory  discourse,  I  think  that  I  shall  have  \our 
approval,  not  only  because  I  have  gneii  *.p«'cial  attention  to  that  subject,  but*  also 
because  it  is  about  to  he  applied  to  the  determination  of  a  fundamental  element 
of  our  system,  the  solar  parallax,  by  ob>en  atious  of  the  transit  of  Venus  in  1^74, 
and  probably  al>o  in  lSSi>. 

IS'othinjjf  is  so  la>tinjrly  injurious  to  the  progress  of  science  as  fal<e  data;  for 
they  endure  often  through  many  centuries,  ral.-i*  AIOAVS.  e\en  if  supported  by  some 
amount  of  evidence,  do  comparatuelv  little  harm;  for  t  \ery  <'ne  takes  a  Milutnry 
interest  in  proving  their  falseness;  and  when  this  is  done  the  path  to  error  is 
closed,  and  tin1  road  to  truth  is  opened  at  the  same  moment. 

It  \vill  bo  conceded  that  Photography,  when  applied  to  scientific  observation,  un- 
doubtedly preserves  fncK  Hut  the  question  has  Noinetimes  been  raided,  are  photo- 
Lfraphic  reconi.s  absolutely  Iru^t  \\ort  by  represeiilations  of  the  phenomena  recorded? 
If  not,  what  is  the  extent  of  truth,  and  when*  are  tin1  inlets  for  errors  and  niL-takes  ? 
Not  only  has  photographic  oh^cr\  tition  «raiiu»d  a  \\ide  ranj^e  of  applications  in  astro- 
nom, lmtine\erv  other  lirancli  of  hysical  science  its  hel  is  dail 


nomy,  lmtine\erv  other  lirancli  of  physical  science  its  help  is  daily 
takeii  a(hanta^e  of;  and  although,  in  speaking  of  this  ari,  1  shall  con 


more  and  more 
online  in  \self  to 

astronomy,  the  observations  which  1  propose  to  make  may  be  sujijiostive  with 
reference  to  other  branches  of  ph}si<i<. 

As  an  instance  of  the  application  of  this  art  to  optical  physics  I  may  in  this  place 
call  attention  to  the  MTV  successful  delineation  of  the  solar  spectrum  by  Mr.  Lewis 
M.  Rutherfurd,  of  the  I  nitect  States.  In  Mr.  Untherfurd's  spectrum,  obtained  by 
the  camera,  many  portions  and  lines  are  shown  (in  the  nltra-\iolet  for  instance) 
which,  while  imperceptible,  to  the  retina  of  the  ,  e\e,  impress  themselves  on  tho 
sensitive  Him.  As  a  fact,  lines  which  are  single  in  Angstrom  s  and  IvirchholV's  maps, 
ba\  e  been  recorded  by  photography  as  well-marked  double  lines.  I  will  now  review 
the  application  of  the  art  to  astronomy. 

Stellar  photography  was  for  some  time  applied  at  llanard-(\>lle£e  Observatory, 
U.S.,  to  double  stars,'  for  the  purpose  of  determining'  by  microiuetric,  measurement 
their  relative  angle  of  position  and  distance.  The  /ero  of  the  angle  of  position  was 
found  by  moving  the  telescope  in  right  ascension  after  an  impression  had  been 
taken,  and  taking  a  second  one  on  the  same  pinto  ;  this  -process  gave  two  sets  of 
photographic  images  on  the  same  plate:  and  the  right  line  passing  through  the 
1872.  1 
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series  ^ave  the  direction  of  the  daily  motion  of  the  heavens.  The  probable 
error  ot  a  single  measurement  of  the  photographic  distance  of  the  images  was  found 
to  be  +0"-!^,  or  somewhat  smaller  than  that  of  a  direct  measurement  with  the 
common  tilar  micrometer.  The  late  Professor  Bond,  who  applied  photography  to 
stellar  astronomy,  confining  himself  to  stars  brighter  than  the  seventh  magni- 
tude, discussed  the  results  in  various  numbers  of  the  '  Astronomische  Nachrichten.' 
No  astronomer  more  unbiased  could  have  been  selected  to  decide  on  the  comparative 
value  of  the  photographic  and  direct  observational  method.  His  discussion  shows  that 
the  probable  error  of  the  centre  of  an  image  was  +0"'0ol,  and  that  of  the  distance 
of  two  such  centres  was  +0"*072.  Adopting  the  estimate  of  Struve,  +0"v217,  as  the 
probable  error  of  a  single  measurement  of  a  double  star  of  this  class  with  a  lilar 
micrometer,  Professor  Bond  shows  that  the  measurement  of  the  photographic  images 
would  have  a  relative  value  throe  times  as  great.  lie  derived  tne  further  important 
conclusion,  that  deficiency  of  light  can  be  more  than  compensated  for  by  propor- 
tionate increase  in  the  time  of  exposure.  A  star  of  the  ninth  magnitude  would 
give  a  photographic  image,  after  an  exposure  of  ten  minutes,  with  the  Cambridge 
equatorial. 

In  the  reproduction  of  stars  by  photography,  recently  undertaken  by  Mr.  "Ruther- 
ford, the  objects  to  bo  secured  being  so  minute,  special  precautions  were  found  to 
be  necessary  in  depicting  them  upon  the  sensitive  film,  so  that  their  impressions 
might  be  distinguish  able  from  accidental  specks  in  the  collodion  plate.  To  prevent 
any  such  chance  of  mistake,  Mr.  Rutherfurd  secures  a  double  image  of  each  luminary, 
the  motion  of  the  telescope  being  stopped  for  a  short  time  (half  a  minute)  between 
a  first  and  second  exposure  of  the  plate  ;  so  that  each  star  is  represented  by  two 
close  specks,  so  to  speak,  upon  the  negative,  and  is  clearly  to  bo  distinguished  by 
this  contrivance  from  any  accidental  speck  in  the  film.  A  map  of  the  heavens  is  thus 
secured,  very  clear  though  delicate  in  its  nature,  but  yet  one  upon  which  implicit 
reliance  can  be  placed  for  the  purposes  of  measurement.  Professor  Peirce  aptly 
says,  "This  addition  to  astronomical  research  is  unsurpassed  by  any  step  of  the 
kind  that  has  ever  been  taken.  The  photographs  ailbrd  just  as  good  an  opportunity 
for  new  and  original  investigation  of  the  relative  position  of  near  stars  as  could  be 
derived  from  the  stars  themselves  as  seen  through  the  most  powerful  telescopes. 
They  are  indisputable  facts,  unbiased  by  personal  defects  of  observation,  and  which 
convey  to  all  future  times  the  actual  places  of  the  stars  when  the  photographs 
were  taken." 

Mr.  Asaph  Hall,  who  shared  with  Professor  P>ond  the  work  of  measuring 
the  photographic  images  and  of  reducing  the  measurements,  has  Aery  re- 
cently subjected  the  photographic  method  to  a  critical  comparison,  \\ith  a  \iew 
to  deciding  on  its  value  when  applied  to  the  obsenation  of  the  transit  of  Venus. 
He  appears,  as  regards  its  application  to  stellar  observations,  to  undeiestimate  the 
photographic  method  in  consequence  of  want  of  rapidity  ;  but  he  admits  that  in  the 
case  of  a  solar  eclipse,  or  of  the  transit  of  a  planet  over  the  sun's  disk,  it  has  very 
great  advantages,  especially  over  eye-observations  of  contacts,  inner  and  outer,  of 
the  planet  and  the  sun's  limb,  and  that  the  errors  to  which  it  is  subject  are  worthy 
of  the  most  thorough  investigation.  The  observation  of  a  contact  is  uncertain  on 
account  of  irradiation,  and  is  also  only  momentary;  so  that,  if  missed  from  any 
cause,  the  record  of  the  event  is  irretrievably  lost  at  a  particular  station,  and 
long  and  costly  preparations  icndered  futile.  On  the  other  hand,  when  the  sky 
is  clear,  a  photographic  image  can  be  obtained  in  an  instant  und  repeated  through- 
out the  progress  of  the  transit ;  and  even  if  all  the  contacts  be  lost,  equally  valuable 
results  will  be  secured  if  the  data  collected  on  the  photographic  plates  can  be  cor- 
rectly reduced,  as  will  be  proved  hereafter  to  be  undoubtedly  possible.  That  the 
transit  of  Venus  will  be  recorded  by  photography  may  now  be  announced  as  certain, 
as  preparations  are  energetically  progressing  111  England,  France,  Russia,  and  Ame- 
ricafor  obtaining  photographic  records.  There  is  also  a  probability  of  Portugal  taking 
part  m  these  observations  ;  for  it  is  contemplated  by  Senor  Capelloto  transport  the 
Lisbon  photoheliograph  to  Macao.  There  are  at  present  five  photohcliopraphs  in 
process  of  construction  for  the  observing  parties  to  be  sent  out  by  the  British 
Government,  under  the  direction  of  the  Astronomer  Hoval,  Sir  George  B.  Airy. 
The  llussian  Government  will  supply  their  own  parties  i&ith  three  similar  iustiu- 
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ments ;  and  I  am  also  having  constructed  one  of  my  own  for  this  purpose  and  for 
future  solar  observation*.  AU  those  instruments,  made  precisely  alike,  will  embody 
the  results  of  our  experience  gained  during  the  last  ten  years  in  photoheliography  at 
the  Kew  Observatory  whilst  belonging1  to  this  Association.  One  only  of  them,  namely 
the  photoheliograph  which  has  been  at  work  for  some  years  at  Wilna,  is  of  a  some- 
what older  pattern;  but  how  great  an  advance;  even  this  instrument  is  on  the  ori- 
ginal at  Kew  is  proved  by  the  delightful  definition  of  the  most  delicate  markings 
of  the  sun  in  the  pictures  which  have  reached  this  country  from  Wilna. 

Hitherto  sun-pictures  have  been  taken  on  wet  collodion ;  but  a  question  has  been 
raised  whether  it  would  not  bo  better  to  use  dry  plates.  On  this  point  AL  Strove 
informs  us  that  in  two  places  (at  Wilna,  under  the  direction  of  Colonel  Smysloff, 
and  at  Bothkamp,  in  Ilolstein,  under  Ur.  Vogel)  they  have  perfectly  succeeded  in 
taking  instantaneous  photographs  of  the  sun  with  dry  plates. 

As  far,  however,  its  my  own  experience  has  gone,  I  still  believe  that  the  wet 
collodion  is  preferable  to  the  dry  for  such  observations. 

Now,  with  reference  to  contact  observation^,  which  it  must  be  remembered  are 
by  no  means  indispensable  us  far  as  photography  is  concerned,  it  may  be  conceded 
that  then*  will  attach  to  tho  record  of  the  internal  contact  a  certain  amount  of 
uncertainty,  although  not  so  givat  us  that  which  affects  optical  observation.  The 
photograph  which  first  shows  contact  may  possibly  not  be  that  taken  when  the 
thread  of  light  to 'tween  Venus  and  tins  sun's  disk  is  first  completed,  but  the  first 
taken  after  it  has  become  thick  enough  to  be  shown  on  me  plate;  and  this 
thickness  is  somewhat  dependent  on  incidental  circumstances — for  example,  a 
luizincps  of  the  sky,  which,  although  almost  imperceptible,  yet  diminishes  the 
actinic  brilliancy  of  the  .sun,  and  might  render  the  photographic  image  of  the  small 
extent  of  the  limb  whieh^is  concerned  in  the  phenomenon  too  faint  for  future  mea- 
surements. On  the  other  hand,  ha\  ing  a  series  of  photographs  of  t  he  sun  with  Venus 
on  the  disk,  we  can,  with  n  suitable  micrometer  (such  as  I  contrived  for  measuring 
the  eclipse-pictures  of  1KW),  and  which  since  then  has  been  in  continuous  use  in 
measuring  the  Kew  solar  photograms*),  fix  the  position  of  the  centre  of  each  body 
with  great  precision.  Hut  the  reduction  of  the  inca.-urcd  distances  of  the  centre  to 
their  ^  allies  in  arc  is  not  without  difficulty.  Irradiation  may  possibly  enlarge  the 
diameter  of  the  sun  in  photographic  pictures,  and  it  may  diminish  the  size  of  the 
disk  of  a  planet  crossing  the  sun,  as  is  the  case,  with  eve-observations  ;  but  if  the 
images  depicted  are  nearly  of  the  same  size  at  all  stations  •uluw  results,  are  to  be 
included  in  any  set  of  discussions,  then  the  ratio  of  the  diameters  of  Venus  and 
the  sun  will  be" the  same  in  all  the  plates  and  it  will  be  s.ite  to  a«.«ume  that  they 
are  equally  affected  by  irradiation.  The  aihantage  \\hich,  therefore,  will  result  by 
employing  no  less  than  eight  in>truim>nt*  jirecisely  alike,  as  ar<3  those  now  being 
made  by  Mr.  Dalimeyer  on  the  improved  Ivew  model,  is  quite  olnious.  If  other 
forms  oif  instruments,  such  as  will  hereafter  be  alluded  to,  be  used,  it  will  be  es- 
sential that  a  suflicient  number  of  them  be  employed  in  selected  localities  to  give 
also  connected  sots  for  discussion. 

To  give  some  idea  of  the  relative  apparent  magnitudes  of  the  sun  and  Venus,  I 
may  mention  that  at  the  epoch  of  the  transit,  of  1S74  tlve  solar  disk  would,  in  the 
Kew  photoheliograph,  have  a  scmidiaiueter  of  1WV8  thousandths  of  an  inch,  or 
nearly  two  inches  ;  Venus  a  semidiameter  of  (itf'&'J  of  these  units ;  and  the  parallax 
of  Venus  referred  to  the  sun  would  be  represented  b}  47 'So  such  units,  the  maximum 
possible  displacement  being  J)-V7  units  or  nearly  —  of  an  inch. 

When  the  photographs  have  been  secured,  the  microinetric  measurements  which 
w.ll  have  to  be  performed  consist  in  the  determination  of  the  sun's  semidiameter 
in  units  of  the  scale  of  the  micrometer,  the  angle  of  position  of  the  successive  situa- 
tions of  the  planet  on  the  disk,  as  shown  on  the  series  of  photographs,  and  finally 
the  distances  of  the  centres  of  the  planet  and  the  sun.  These  data  determine  abso- 
lutely the  chord  along  which  the  transit  has  been  observed  to  within  Q"'l  ;  and  an 
error  of  1"  in  the  measurement  would  give  an  error  of  only  0"-18o  in  the  deduced 

*  Tn  this  micrometer,  which  is  capable  of  giving  radial  distances,  angles  of  position,  and 
also  rectangular  coordinates,  the  accuracy  of  linear  moasurements  does  not.  depend  on  the 
doubtful  results  given  by  a  long  run  of  a  micrometer  screw. 
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solar  parallax.  Moreover  the  epoch  of  each  photographic  record  is  detcrminable 
with  the  utmost  accuracy,  tho  time  of  the  exposure  being  from  ^  to  T1Vjy  of  a 
second  or  even  less. 

Now,  although  the  truth  of  the  foregoing  remarks  will  be  fully  admitted,  it  will  yet 
be  well  to  point  out  in  this  place  the  inherent  or  the  supposed 'defects  of  the  photo- 
graphic method.  These  defects  may  principally  bo  comprised  under  the  head  of 
Possibility  of  Distortion  ;  and  the  importance  of  an  investigation  into  this  source 
of  error  will  appear  at  onco  obvious  in  all  cases  whore  the  position  of  a  definite  point 
with  reference  to  a  system  of  coordinates  ha-*  to  be  determined  from  measured 
photographs,  especially  in  such  a  refined  application  of  it  as  that  which  it  will 
have  in  the  determination  of  tho  solar  parallax. 

The  distortion  of  a  photographic  image,  if  such  exist,  may  bo  either  extrinsic  or 
intrinsic — that  is,  either  optical  or  mechanical.  The  instrumental  apparatus  for 
producing  the  imago  may  produce  optical  irregularities  before  it  reaches  the  sensitive- 
plate  ;  or  an  image  optically  correct  may,  by  irregular  contraction  of  the  sensitive 
film  in  the  process  ot  drying,  and  other  incidents  of  the  process,  present  on  the 
plate  a  faulty  delineation  *. 

In  general,  two  ways  present  themselves  for  clearing  observations  from  errors. 
Either  methods  maybe  devised  for  determining  the  nuinerieal  amount  of  every  eiror 
from  any  source,  or  by  special  contrivances  the  source  of  error  maybe  contracted  to 
such  insignificant  limits  that  its  effect  in  a  special  case  is  too  minute  to  exert  any 
influence  upon  the  result.  Uoth  the*o  roads  have  been  followed  in  the  inquiry  into 
the  optical  distortion  of  photographic  images. 

As  regards  the  first,  let  it  be  supposed  that,  as  in  the  Kew  instrument,  the 
primary  image  is  magnified  by  a  system  of  lenses  before  reaching  tho  sensitive 
plate.  "The  defects  inherent  to  the  optical  arrangement  \\ill  clearly  affect  e\ery 
photographic  picture  produced  by  the  same  instrument;  and  hence  a  method  suggests 
itself  for  determining  absolutely  the  numerical  eH«  ot  of  distortion  at  <^ery  point 
of  the  field.  Let  us  assume  that  the  Name  object,  which  may  be  a  rod  \>t  un- 
alterable and  known  kngth,  be,  photogiaphed  in  precisely  the  .same  manner  in 
which  celestial  events  are  photographically  lecorded,  tho  object  being  at  a  con- 
siderable distance;  it  may  successnely  be  brought  into  all  possible  positions  in  the. 
field  of  tho  photoheliograph,  mid  the  length  of  ihe  ima^e  on  the  photograph  may 
be  measured  afterwards  at  leisure  by  means  of  a  micrometer.  These  lengths  will 
change  relatively  wherever  distortion  takes  place;  but  by  laying  down  these 
varying  lengths  we  shall  obtain  an  optical  distortion-map  of  the  particular  instru- 
ment; and  tables  may  be  constructed  giving  in  absolute  numbers  the  corrections  to 
be  applied  to  measurements  of  positions  on  account  of  the  influence  of  optical 
distortion.  In  this  way  the  optical  distortion  of  the  combined  object-glass  mid 
secondary  magnifier  is  ascertained.  Tho  chief  source  of  distortion/ if  such  exist, 
•will  be  in  the  secondary  magnifier;  and  in  order  to  ascertain  its  amount  a  reticule 
of  lines  drawn  at  equal  distances  upon  glass  may  (as  lias  been  done  recently  by 
Paschen  and  Dallnieyer)  bo  placed  in  the  common  focus  of  tho  object-glass  and 
secondary  magnifier.  The  required  data  are  then  immediately  given  by  the 
measurement  of  the  resulting  pictures  of  the  parallelograms  on  tfio  reticule.  Mr. 
IJallmeyer  has  ascertained  in  this  manner  that  no  sensible  distortion  exists  in  tho 
secondary  magnifier  constructed  by  him.  The  truth  of  the  principle  being  granted, 
it  was  applied  to  a  preliminary  series  for  finding  the  distortion  which  affects  the  Kew 
instrument,  which  is  not  nearly  so  perfect  as  those  more  recently  constructed;  and 
the  results  were  so  far  satisfactory  that,  instead  of  a  single  rod,  a  proper  scale, 
fifteen  feet  in  length,  representing  a  series  of  rectangles  distributed  over  half  tho 
radius  of  the  field,  has  been  erected  ;  and  the  process  of  absolutely  determining  the 
optical  distortion  of  the  Kew  photoheliograph  is  now  in  active  progress,  and  will 
be  used  for  the  new  instruments  to  be  employed  in  observing  the  transits  of  Venus. 

*  It  has  been  proposed,  in  order  to  obviate  any  possible  alteration  of  tho  sensitive 
surface,  to  use  the  Daguerreotype  instead  of  tho  collodion  process.  The  former,  however, 
is  so  little  practised,  and,  moreover,  is  so  much  more  troublesome,  that  it  does  not 
scorn  to  bo  advisable  to  adopt  it,  especially  as  the  subsequent  measurements  would  present 
greater  diiliculties  than  occur  with  collodion  pictures. 
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The  second  method  of  dealing  with  optical  distortion  aims  at  total  exclusion  of 
this  source  of  error.     It  has  been  proposed  by  American  astronomers,  who  intend 
taking  part  in  the  coming  observations  of  the  transit  of  Venus,  to  exclude  this 
secondary  magnifier,  and,  in  order  to  obtain  an  image  of  sufficient  diameter,  to 
employ  a  lens  of  considerable  focal  length,  say  40  feet,  which  would  give  an  image 
as  large  as  with  the  Kew  photoheliograph — namely,  4  inches  in  diameter.     As  it 
would  be  inconvenient  to  mount  such  an  instrument  equatorially,  it  is  proposed 
to  fix  it  in  the  meridian  in  a  horizontal  position,  and  reflect*  the  sun  in  the 
direction  of  its  axis  by  means  of  a  flat  mirror  moved  by  a  lieliostat.     There  can- 
not be,  any  doubt  about  the  fact  that  the  image  so  produced  would  be  nearly 
free  from  optical  distortion,  if  the  interposed  mirror  did  not  introduce  a  new 
source  of  error.     The  difficulty  of  producing  a  piano  mirror  is  well  known;  and 
there  is  a  difficulty  in   maintaining  its  true  liguiv  in  all  positions  ;  there  is  also 
a  liability   of   the  disturbance  of  the   rays    by   currents  of  heated  air  between 
the  mirror  and  object -glass :  moreo\er,  with  such  an  instrument  position-wires 
could  not  be  cU  lined  with  sharpness  on  the  photographs.     On  the  whole,  greater 
reliance  may  be  placed  on  a  method  which  admits  the  existence  of  a  distorting  in- 
fluence, but  has  at  the  same  lime  means  of  checking  and  controlling  it  numerically. 
( ireat  attention  has  been  paid  by  me  at  \  arions  times  to  those  effects  of  distortion 
which  might  arise  from  the  process  of  dning.     The  results  to  which  the  experi- 
ments lead  seem   to   proie   that   there   is   no  appreciable  contraction   except  in 
thickness,  and  that  the  collodion  film  does  not  become  distorted,  provided  the 
rims  of  the  ghi-s  plates  ha\e  been  well  Around:  this  point  is  a  fundamental  one. 
Hut  in  such  obsenations  as  that  of  the  transit  of  Venus,  no  refinement  of  cor- 
rection   ought   to   be   neglected ;    hence   fresh   experiments  will   be   undertaken 
to   set   at  re>t  the   question  whether    distortion   of  the   film   really  takes   place 
when  proper  precautions  are  taken.     This  \vill  be  done  both  by  the  method  I 
have  employed  be  fore,  and  also  in  accordance  >\  ith  M.  Pax-hen's proposal  to  measure 
images  of  such  reticules  as  abo\e  described:    tl*is  reticule  might,  as  he  has  sug- 
gested, be  photographed  during  the  transit  of  Venus,  so  that  each  plate  would  thus 
bear  data  for  the  correction  due  to  unequal  shrinkage,  if  such  were  to  take  place. 

It  lias  been  objected  by  some  astronomers  who  ha\e  casually  examined  solar 
photogranis  that  the  limb  of  the  sun  appears,  as  a  consequence  of  the  gradual 
shading  of!',  e\en  under  a  small  magnify  ing-power,  not  bounded  by  a  sharp 
contour;  but  the  measurements  of  such  photograms  which  ha\e  been  made  during 
the  last  ten  years,  of  pictures  taken  under  the  most  waning  conditions  which 
influence  definition,  have  pro\ed  that  even  the  worst  picture  leads  to  a  very 
satisfactory  determination  of  the  sun's  semidiameter  and  centre  ;  moreover  an 
independent  examination  of  this  question  by  M.  Pasehen  gave  as  the  result  that 
the  mean  error  of  a  determination  is  only  Hh  O'OOS  millimetre  with  a  sun-picture  of 
4  Paris  inches  in  diameter;  this  corresponds  to  Hh  ()"•!; :IT>,  n  ml  it  is  nearly  three  times 
less  than  that  resulting  from  a  measurement  nith  the  Konigsberg  heliometer. 

Xevertheless  it  will  be  seen  from  the  foregoing  remarks  that  I  ha\e  not  hesitated 
to  arouse  vmr  attention  to  the  fact  that  Astronomical  Photography  is  about  to 
be  put  to  the  se\erest  test  possible  in  dealing  with  such  a  fundamental  problem  of 
astronomy  as  the  determination  of  the  sun's  distance  from  the  earth.  An  intimate 
knowledge  of  the  subject,  however,  and  experience  with  respect  to  work  already 
accomplished  in  the  Ive-w  ten-year  solar  ohscr\ations,  inspire  me  with  a  confident 
anticipation  that  it  will  provo  fully  equal  to  the  occasion. 

So  much  for  performances  to  be  looked  forward  to  in  the  future :  now  let  me 
briefly  review  what  Astronomical  Photography  has  already  undoubtedly  accom- 
plished. 

In  the  first  instance  the  possibility  proved  of  giving  to  the  photographic  method 
of  observation  a  trustworthiness  whicn  direct  observations  can  never  quite  obtain, 
will  render  the  results  of  our  disc.ussion  of  the  ten  years'  solar  observations  at  Kew 
more  free  from  doubts  than  those  observational  series  on  the  Sun's  spots  which 
have  preceded  ours.  The  evidence  of  a  probable  connexion  "between  planetary  posi- 
tions and  solar  activity,  and  the  evidence  which  we  have  published  on  the  nature 
of  spots  as  depressions  of  solar  matter,  could  never  have  been  brought  forward  but 
for  the  preservation  of  true  records  of  the  phenomena  through  a  number  of  years ; 
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while  the  closer  agreement  of  the  calculated  results  in  reference  to  solar  elements 
is  itself  evidence  of  the  intrinsic  truthfulness  of  the  method,  and  gives  the  highest 
promise  that  our  final  deductions,  which  will  be  completed  in  the  course  of  the 
ensuing  year,  will  not  he  unworthy  of  the  exertions  which  I,  in  conjunction  with 
my  fiiends  R  Stewart  and  B.  Loewy,  have  constantly  devoted  to  this  work  during 
a  period  of  fully  ten  years.  Not  only  will  some  doubtful  questions  bo  set  finally  at 
rest  by  it,  but  new  facts  of  the  greatest  interest  will  result,  bearing  on  the  laws 
which  appear  to  govern  solar  activity. 

By  nothing,  however,  would  the  claims  of  photographic  observation,  as  one  of 
the  moat  important  instruments  of  scientific  research,  seem  to  be  so  thoroughly 
well  established  as  by  the  history  of  recent  solar  eclipses.  It  will  be  recollected 
that  in  1800,  for  the  first  time,  the  solar  origin  of  the  prominences  was  placed 
beyond  doubt  solely  by  photography,  which  preserved  a  faithful  record  of  the 
moon's  motion  in  relation  to  these  protuberances.  The  photographs  of  Ten- 
nant  at  Ouutour,  and  of  Vogel  at  Aden,  in  18(58,  and  also  those  of  the 
American  astronomers  at  Burlington  and  Ottumwa,  Iowa,  in  180J),  under  Professors 
Morton  and  Mayer,  have  fully  confirmed  those  results.  In  a  similar  manner  the 
great  problem  ol  the  solar  origin  of  that  portion  of  the  corona  which  extends  more 
than  a  million  of  miles  beyond  the  body  of  the,  sun  has  been,  by  the  photographic 
observations  of  Col.  Tennant  and  Lord  Lindsay  in  1871,  set  finally  at  rest,  after 
having  been  the  subject  of  a  great  amount  of  discussion  for  some  years. 

The  spectroscopic  discovery  in  I860  of  the  now  famous  green  lino,  1474  K, 
demonstrated  undoubtedly  the  self-luminosity,  and  hence  the  solar  origin  of  part 
of  the  corona.  Those  who  denied  the  possibility  of  any  extensive  atmosphere 
above  the  chromosphere  received  the  observation  with  great  suspicion  ;  but  in 
1870  and  again  in  1871  it  was  fully  verified.  So  far,  therefore,  the  testimony  of 
spectroscopic  observations  was  in  favour  of  the  solar  origin  of  the  inner  corona. 

Indeed  the  observations  of  1871  have  proved  hydrogen  to  be  also  an  essential 
constituent  of  the  "  coronal  atmosphere,"  as  Janssen  proposes  to  call  it,— hydrogen 
at  a  lower  temperature  and  density,  of  cour.se,  than  in  the  chromosphere.  'Janssen 
was  further  so  fortunate  as  to  catch  glimpses  of  some  of  the  dark  lines  of  the  solar 
spectrum  in  the  coronal  light,  an  observation  which  goes  far  to  show  that  in  the  upper 
atmosphere  of  the  sun  there  are  also  solid  or  liquid  particles,  like  smoke  or  cloud, 
which  reflect  the  sunlight  from  below.  Many  problems,  however,  even  with  refer- 
ence to  the  admittedly  solar  part  of  the  corona,  are  unsettled.  The  first  relates  to 
the  nature  of  the  substance  which  produces  the  line  1474  K.  Since  it  coincides 
with  a  line  in  the  spectrum  of  iron,  it  is  by  many  considered  due  to  that  metal  ; 
but  then  we  must  suppose  either  that  iron  vapour  is  less  dense  than  hydrogen  gas, 
or  that  it  is  subject  to  some  peculiar  solar  repulsion  which  maintains  it  at  its  ele- 
vation ;  or  other  hypotheses  maybe  suggested  for  explaining  the  fact.  Since  the 
line  is  one  of  the  least  conspicuous  in  the  spectrum  of  iron  and  the  shortest,  and  as 
none  of  the  others  ore  found  associated  with  it  in  the  coronal  spectrum,  it  seems 
natural,  as  many  have  done,  to0assume  at  once  that  it  is  duo  to  some  new  kind  of 
matter.  But  the  observations  of  Angstrom,  lioscoe,  and  Clifton,  and  recently  those 
of  Schuster  regarding  the  spectrum  of  nitrogen,  render  it  probable  that  elementary 
bodies  have  only  one  spectrum ;  and  since  in  all  experimental  spectra  we  necessarily 
operate  only  on  a  small  thickness  of  a  substance,  we  cannot  say  what  new  lines 
may  be  given  out  in  cases  where  there  is  an  immense  thickness  of  vapour ; 
ami  hence  wo  cannot  conclude  with  certainty  that  because  there  is  an  unknown 
line  in  the  chromosphere  or  corona,  it  implies  a  new  substance.  Another  problem, 
the^nost  perplexing  of  all,  is  the  reconciliation  of  the  strangely  discordant  obser- 
vations upon  the  polarization  of  the  coronal  light;  but  1  will  at  once  proceed  to 
the  points  on  which  photography  alone  can  give  us  decisive  information. 

The  ^  nature  and  conditions  of  the  outer  corona  (the  assemblage  of  dark  rifts 
and  bright  rays  which  overlies  and  surrounds  the  inner  corona)  was  very  incom- 
pletely studied  ;  and  the  question  whether  it  is  solar  was  not  finally  settled  in  the 
opinions  of  astronomers  of  high  repute.  Some  believed  it  to  be  caused  by  some 
action  of  our  atmosphere ;  and  others  supposed  it  due  to  cosmical  dust  between  us 
and  the  moon.  The  bright  light  of  the  corona  and  the  prominences  most  undoubtedly 
cause  a  certain  amount  of  atmospheric  glare ;  and  although  it  is  difficult  to  sec  how 
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this  is  to  account  for  the  rays  and  rifts,  it  would  be  rash  to  deny  that  it  may  do  so  in 
some  manner  yet  to  be  discovered.  It  is  quite  certain  that  some  of  the  phenomena 
observed  just  at  the  beginning  and  end  of  totality  are  really  caused  by  it.  A  light 
haze  of  meteoric  dust  between  us  arid  the  moon  might  give  results  much  resembling 
those  observed  ;  but  when  we  come  to  details  this  theory  seems  to  be  doubtful. 

Here  photography  steps  in  to  pave  the  way  out  of  the  existing  doubts.  If  the 
rays  and  rifts  were  really  atmospheric,  it  would  hardly  be  possiblethat  they  should 
present  the  same  appearance  at  different  stations  along  the  line  of  totality ;  indeed 
they  would  probably  change  their  appearance  every  moment,  even  at  the  same 
station.  If  they  are  cislunar,  the  same  appearances  could  not  be  recorded  at 
distant  stations.  It  is  universally  admitted  that  proof  of  the  invariability  of  these 
markings,  and  especially  of  their  identity  as  seen  at  widely  separated  stations, 
would  amount  to  a  demonstration  of  their  extraterrestrial  origin.  Eve-sketches 
cannot  be  depended  on  ;  the  drawings  mode  by  persons  standing  side  by  side  diiier 
often  to  an  extent  that  is  most  perplexing.  Now  photographs  ha\e,  undoubtedly, 
as  yet  failed  to  catch  many  of  the  faint  markings  and  delicate  details:  but  their 
testimony,  as  far  as  it  goes,  is  unimpeachable.  In  1870,  Lord  Lindsay  at  Santa 
Mariu,  Professor  Winlock  at  Jerez,  Mr,  Brothers  at  Syracuse,  obtained  pictures 
some  of  which,  on  account  partly  of  the  unsatisfactory  state  of  the  weather,  could 
not  compare  with  Mr.  Brothers'*  picture  obtained  with  an  instrument  of  special 
construction*;  but  all  show  one  deep  rift  especially,  which  seemed  to  cut  down 
through  both  the  outer  and  inner  corona  clear  to  the  limb  of  the  moon.  Even 
to  the  naked  eye  it  was  one  of  the  most  conspicuous  features  of  tin1  eclipse.  Many 
other  points  of  detail  also  come  out  identical  in  the  .Spanish  and  Sicilian  pictures; 
but  whate\er  doubts  may  have  still  existed  in  regard  to  the  inner  corona  were 
finally  dispelled  by  the  pictures  taken  in  India,  in  1^71,  by  Colonel  'Pennant  and 
Lord  LiiuUay's  photographic  assistant,  Mr.  Da\is. 

None  of  the  photographs  of  1S71  shows  so  great  an  extension  of  the  corona  as  is 
seen  in  Mr.  Brothers'*  photograph,  taken  at  Syracuse  in  1S70 ;  but,  on  the  other  hand, 
the  coronal  features  are  perfectly  defined  on  the,  several  pictures,  and  the  number  of 
the  photographs  renders  the  value  of  the  series  singularly  great.  The  agreement 
between  the  \ie.ws,  as  well  those  taken  at  different  times  during  totality  as  those 
taken  at  different  stations,  fully  pro\  es  the  solar  theory  of  the  inner  corona.  AYe  have 
in  all  the  views  the  same  extensive  corona,  with  persistent  rifts  similarly  situated. 
Moreen er  there  is  additional  evidence  indicated  by  the  motion  of  the  moon  across 
the  solar  atmospheric  appendages,  proving  in  a  similar  manner  as  in  1800,  in  re- 
ference to  the  protuberances,  the  solar  origin  of  that  part  of  the  corona. 

It  will  be  well  hero  to  mention  a  difficulty  which  occurs  in  recording  the  fainter 
solar  appendages,  namely  the  encroachment  of  the  prominences  and  the  corona 
on  the  lunar  disk  when  the  plates  ha^e  to  be  o*\  erexposod  in  order  to  bring  out 
the  faint  details  of  the  corona.  It  is  satisfactory  to  iind  that  wheue\cr  a  dilliculty 
arises  it  can  be  mastered  by  proper  attention.  Lord  Lindsay  and  Mr.  Kanyard 
have  successfully  devoted  themselves  to  experiments  on  the  subject.  They  tested 
whether  reflections  from  the  back  surface  of  the  plate  played  any  part  in  the 
production  of  the  fringes  :  for  this  purpose  plates  of  ebonite  and  the  so-called  non- 
actinic  yellow  glass  were  prepaied:  and  it  was  immediately  found  that  the  outer 
haze  had  completely  disappeared  in  the  photographs  taken  on  ebonite,  while  on 
the  yellow  glass  plates  it  is  much  fainter  than  on  ordinary  white  glass  plates. 
By  placing  a  piece  of  wetted  black  paper  at  the  back  of  an  unground  plate,  the 
outer  haze  was  greatly  reduced;  but  by  grinding  both  the  back  and  tho  front  sur- 
faces of  a  yellow  glass  plate,  and  covering  the  back  with  a  coating  of  black  varnish, 
it  was  rendered  quite  imperceptible,  thus  showing  the  greatest  part  of  the  so-called 
photographic  irradiation  to  be  duo  to  reflection  from  the  second  surface. 

*  Mr.  Brothers  had,  in  1870,  tho  happy  idea  to  employ  a  so-culled  rapid  rectilinear 
photographic  lens,  inado  by  Pnllmryer,  of  4  inches  aperture  and  ^0  inches  focal  length, 
mounted  equatorial!)* ,  nnd  driven  by  clockwork ;  and  he  wns  followed  in  this  mat  tor  by 
both  Col.  Tcnnnnt  and  Lord  Lindsay  in  1S71.  The  focal  image  produced,  however,  is  far 
too  sim\ll  (j\j  of  an  inch,  about) ;  therefore  it  will  bo  desirable  in  future  to  prepare  lenses 
of  similar  construction,  but  of  longer  focal  length  and  corresponding  aperture. 
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In  connexion  with  the  solution  of  the  most  prominent  questions  connected  with  the 
solar  envelopes,  it  may  not  be  without  great  interest  to  allude  to  another  point  con- 
clusively decided  during  the  last  annular  eclipse  of  the  sun,  observed  by  Mr.  Pogson 
on  the  Gth  of  June  of  this  year,  as  described  by  him  in  a  letter  to  Sir  George  K  Airy. 
In  1870  Professor  Young  was  the  first  to  observe  the  reversal  of  tho  Frauenhofcr 
lines  in  the  stratum  closest  to  the  sun.  Now,  in  1S71  doubts  were  thrown  upon  tho 
subject.  It  appears  that  the  reversed  lines  seem  to  have  been  satisfactorily  observed 
by  Captain  Maulear  at  Itakul,  Colonel  Tennant  at  Dodabettn,  and  Captain  Fyers  at 
Jaffna.  The  observations  of  Pringle  at  Uekul,  Respighi  at  Paodoxottah,  and  Pogson 
at  Avenashi  were  doubtful ;  while  Mosely  at  Trincomalee  saw  nothing  of  this  re- 
versal, which  is,  according  to  all  accounts,  a  most  striking  phenomenon,  although  of 
very  short  duration.  Mr.  Lockver  missed  it  by  an  accidental  derangement  of  the 
telescope.  The  reversal  and  tlie  physical  deductions  from  it  are  placed  beyond 
doubt  by  Mr.  Pogson's  observations  of  the  annular  eclipse  on  June  (ith.  At  tho 
first  internal  contact,  just  after  a  peep  in  the  finder  had  shown  tho  moon's  limb 
lighted  up  by  the  corona,  he  saw  all  tho  dark  lines  reversed  and  bright,  but  for  less 
than  two  seconds.  The  sight  of  beauty  above  all  was,  however,  the  reversion  of 
the  lines  at  the  brcaking-up  of  tho  limb.  The  duration  was  astonishing- fi\e 
to  seven  seconds ;  and  the  fading-out  was  gradual,  not  momentary.  This  does 
not  accord  with  Captain  Macleur\s  observations  in  1H70,  who  reports  the  disap- 
pearance of  the  brignt  spectrum  as  "not  instantly,  but  so  rapidly  that  I  could 
not  make  out  the  order  of  their  going."  Professor  Young  again  says  that  "they 
flashed  out  like  the  stars  from  a  rocket- head."  JUit  discrepancies  "in  this  niinilr 
point  may  be,  accounted  for  by  supposing  differences  in  quietude  of  that  portion 
of  the  sun's  limb  last  covered  by  the  moon. 

The  mention  of  the  solar  appendages  reealls  to  mind  another  instance  in  which 
photography  has  befriended  tho  scientific  imcstigator.  I  allude,  to  the  promising 
attempt  which  has  been  made  by  Professor  Young  to  photograph  the  protuberances 
of  the  sun  in  ordinary  daylight.  A  distinct  reproduction  of  some  of  tho  double- 
headed  prominences  on  the  sun's  limb  was  obtained  ;  and  although  a*  a  picture  the, 
impression  may  be  of  little  A alne,  still  there  is  every  reason  to  belie\e,  now  that 
the  possibility  of  the  operation  is  kno\\n,  that  with  better  and  more  suitable,  appa- 
ratus an  exceedingly  \aluablo  and  reliable,  record  may  be,  secured.  Professor 
Young  employed  for  the  purpose  a  spectroscope  containing  seven  prisms,  fitted  to 
a  telescope  of  fi-J-inch  aperture,  after  the  eyepiece  of  tho  same  had  been  removed. 
A  camera,  with  the  sensitive  plaio,  A\as  attached  to  tho  end  of  the  spectroscope, 
the  eyepiece  of  which  acted  in  the  capacity  of  a  photographic  lens,  and  projected 
the  image  on  the  collodion  film.  The  exposure,  was  necessarily  along  one,  amount- 
ing to  three  minutes  and  a  half.  The  eyepiece,  of  the  spectroscope  was  unsuitable 
for  photographic  purposes,  and  only  in  tho  centre  yielded  a  true  reproduction  of 
tho  lines  free  from  any  distortion.  A  larger  telescope,  with  a  suitable,  secondary 
magnifier,  will  be  required  in  order  to  secure  a  more  defined  imnge. 

I  have  hitherto  spoken  of  the  successful  applications  of  photography  to  astro- 
nomy; but  I  must  point  out  also  some  cases  when1  it  has  failed.  Nebula?  and 
comets  have  not  yet  been  brought  within  the  grasp  of  this  art,  although,  perhaps, 
no  branch  of  astronomy  would  gain  more  if  we  should  hereafter  succeed  in  extend- 
ing to  these  bodies  that  mode  of  observing  them.  Thero  is  theoretically,  and  even 
practically,  no  real  limit  to  the  sensitiveness  of  a  plate.  Similarly  with  reference 
to  planets  great  difficulties  still  exist,  which  must  no  overcome  before  their  phases 
and  physical  features  can  be  recorded  to  some  purpose  by  photograph v ;  yet  there 
is  great  hope  that  the  difficulties  may  be  ultimately  surmounted.  The  mam  ob- 
stacle to  success  arises  from  atmospheric  currents,  which  are  continually  altering 
the  position  of  the  image  on  the  sensitive  plnte ;  the  structure  of  the  sensitive  film 
is  also  an  interfering  cause  for  such  small  objects.  A  photograph  taken  at  Cran- 
ford  of  the  occultation  of  Saturn  by  the  moon  some  time  ago  exhibits  the  ring  of 
the  planet  in  a  manner  which  holds  out  some,  promise  for  the  future. 

The  moon,  on  the  other  hand,  has  been  for  som<j  time  past  very  successfully 
photographed;  but  no  use  has  hitherto  been  made  of  lunar  photographs  for  tho 
purposes  of  measurement. 

Ihe  photographs  of  tho  moon  are  freo  from  distortion,  and  offer  therefore 
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material  of  incalculable  value  as  the  basis  of  a  selenographic  map  of  absolute  trust- 
worthiness, and  also  for  the  solution  of  the  great  problem  of  tlie  moon's  physical 
libration.  This  question  can  be  solved  with  certainty  by  a  series  of  systematic 
measurements  of  the  distance  of  definite  lunar  points  Vrom  the  limb,  Mr.  Kllery, 
Director  of  the  Obsenatory  of  Melbourne,  has  sent  over  an  enlargement  of  a  Innar 
photograph  taken  with  the  Great  Melbourne  Telescope,  in  which  the  primary 
image,  is  .'i^  inches  in  diameter.  Such  lunar  negatives  would  be  admirably  adapted 
for  working  out  the  problem  of  the  physical  libration,  and  also  for  fundamental 
measurements  for  a  selenographie  map;  the  more  minute  details,  however,  would 
have  to  be  supplied  by  eye-obscnations,  as  the  best  photograph  fails  to  depict  all 
that  the  eye  sees  with  the  help  of  optical  appliances.  On  the  other  hand,  selono- 
graphic  positions  would  be  afforded  more  free  from  error  than  those  to  be  obtained 
by  direct  micrometrieal  measurements. 

Although,  as  I  ha\c  slated,  1  do  not  contemplate  pa-^injjr  in  reuew  recent  dis- 
coveries in  astronomy,  I  mu^t  not  omit  to  call  your  attention  to  some  tew 
subjects  of  en<>  rowing  interest.  Fir.-!,  Avith  reference  to  the  inmv  recent  work  of 
Dr.  I  lupins.  Tn  his  observations  he  found  that  the  brightest  line  of  the  three 
bright  lines  which  constitute  the  spectrum  of  the  trascou*  nebuhe  was  coincident 
with  the  brightest  of  tin1  lines  of  the  spectrum  of  nitrogen  ;  but  the  aperture  of  his 
telescope  did  not  permit  him  to  ascertain  whether  the  line  in  the  nebula?  was 
double,  as  i«j  the  case  \\ith  the  line  of  nitrogen.  With  the  larire  telescope  placed 
in  his  hands  by  the  Hoyal  Society,  he  has  found  that  the  line  in  the  nebulae  is  not 
double,  and  in  the  case  of  the  great  nebula  in  Orion  it  coincides  in  portion  with 
the  less  refran»ible  of  the  two  lines  which  make  up  the  corresponding1  nitrogen- 
line,  II*"  ha*'  not  yet  been  able  to  find  a  condition  of  luminous  nitrogen  in  which 
the  line  of  this  pas  is  single  and  narrow  and  defined  like  the  nebular  line. 

He  has  extended  the  method  of  detecting  a  star's  motion  in  the  line  of  sight  by 
a  change  of  refrangibility  in  the  line  of  a  terrestrial  substance  existing  on  the  star 
to  about  .'JO  stars  besides  Sirins.  The  comparisons  ha\e  been  made  with  lines  of 
hydrogen,  magnesium,  and  »>odium.  In  consequence  of  the  extreme  diiUculty  of  the 
investigation,  the  jiumerical  velocities  of  the  star.s  ha\e  been  obtained  by  estima- 
tion, and  are  to  be  regarded  a^  provisional  only.  It  will  be  obsened  that,  speaking 
generally,  the  stars  which  the  spectroscope  .shows  to  be  mo\ing  from  the  earth,  as 
JSirius,  Betelgenx,  Kigel,  l"roc\on,  are  situated  in  a  part  of  tin*  heavens  opposite  to 
Hercules,  towards  which  the  sun  is  advancing ;  while  the  stars  in  the  neighbour- 
hood of  this  region,  as  Arcturus,  Vega,  and  a  (\Ajrni,  show  u  motion  of  approach. 
There  are,  however,  in  the  stars  already  observed,  exception^  to  this  general  state- 
ment; and  there  are  some  other  considerations,  as  the  relative  \  elocities  of  the 
stars,  which  appear  to  show  that  the  sun's  motion  in  space  is  not  the  only  or  even 
in  all  cases  the  chief  cause  of  the  observed  proper  motions  of  the  >tars.  In  the  ob- 
served stellar  motions  we  ha\e  to  do  probably  with  two  other  independent  motions — 
namely,  a  movement  common  to  certain  groups  of  stars  and  also  a  motion  peculiar 
to  each  star.  Thus  the  stars  ft.  y,  fi,  «,  f  of  the  (iivat  Bear,  which  have  similar 
proper  motions,  have  a  common  motion  of  recession  ;  while  the  star  a  of  the  same 
constellation,  which  has  a  proper  motion  in  the  opposite  direction,  is  shown  bv  the 
spectroscope  to  be  approaching  the  earth.  Fiom  further  researches  in  this  direc- 
tion, and  trom  mi  investigation  of  the  motions  of  stars  in  the  line  of  sight  in  con- 
junction with  their  proper  motions  at  right  angles  to  the  visual  direction  obtained 
by  the  ordinary  methods,  we  may  hope  to  gain  some  definite  knowledge  of  the  con- 
stitution of  the  heavens. 

This  discovery  supports,  in  a  somewhat  striking  manner,  the  views  which 
Mr.  Proctor  bus  been  urging  respecting  the  distribution  of  the  stars  in  space. 
According  to  these  views  there  exist  within  the  sidereal  system  subordinate 
systems  of  stars  forming  distinct  aggregations,  in  which  many  orders  of  real  mag- 
nitude exist,  while  around  them  is  relatively  barren  space,  lie  had  inferred  the 
existence  of  such  systems  from  the  results  of  processes  of  equal-surface  charting 
applied  successively  to  stars  of  gradually  diminishing  orders  of  brightness.  Us 
found  the  same  regions  of  aggregation,  whether  the  charts  included  stars  to  the 
sixth  order  only  or  were  extended,  as  in  his  chart  of  the  northern  heavens,  to  the 
tenth  and  eleventh  orders ;  and  these  regions  of  aggregation  are  the  very  regions 

1872.  2  * 
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where  the  elder  Ilerschcl  found  the  faintest  telescopic  stars  to  congregate.  Ap- 
plying a  new  system  of  charting  to  show  the  proper  motions  of  the  stars,  he 
found  further  evidence  in  favour  of  these  views.  T  he  charts  indicated  the  exis- 
tence of  concurrent  motions  among  the  members  of  several  groups  or  sets  of 
stars,  Selecting  one  of  the  more  striking  instances  as  affording  what  appeared  to 
him  a  crucial  test  of  the  reality  of  this  star-drift,  Mr.  Proctor  announced  his  belief 
that  whenever  the  spectroscopic  method  of  determining  stellar  motions  of  recess 
or  approach  should  be  applied  to  the  live  stars  ft,  y,  S,  t,  and  f  Ursa1  Majoris,  these 
orbs  (which  formed  a  drifting  set  in  the  chart  of  proper  motions)  would  be  found  to 
be  drifting  collectively  either  towards  or  from  the  earth  :  this  has  been  continued. 

The  time  has  now  come  for  more  closely  investigating  the  various  theories  which 
have  been  propounded  by  such  profound  thinkers  as  Tyndall,  Tuit,  lleynolds,  and 
others,  to  account  for  the  phenomena  of  (1omets.  1  do  not  propose  to  enter  into  a 
statement  of  these  theories ;  but  I  venture  to  call  your  attention  to  Zollner's  views, 
which  have  recently  given  rise  to  a  great  amount  of  controversy.  In  doing  so,  I  am 
solely  influenced  by  a  desire  to  give  information  on  this  subject,  without  implying 
thereby  that  L  give  my  adherence,  or  even  preference,  to  his  theory*. 

The  vaporization  of  oven  solid  bodies  at  low  temperatures  suggests  that  a  mass 
of  matter  in  space  \\ill  ultimately  surround  itself  with  its  own  vapour,  the  tension 
of  which  will  depend  upon  the  ma^s  of  the  body  (that  is,  upon  its  gravitative  energy) 
and  the  temperature.  If  the  mass  of  the  body  is  so  small  that  its  attractive  force 
is  insufficient  to  give  to  the  enveloping  vapour  its  maximum  tension  for  the  exist- 
ing temperature,  the  evolution  of  \apour  will  be  continuous  until  the  whole  mass 
is  converted  into  it.  It  is  proved  by  analysis  that  such  a  mass  of  gas  or  vapour  in 
empty  and  unlimited  space  is  in  a  condition  of  unstable  equilibrium,  and  must  be- 
come dissipated  by  continual  expansion  and  consequent  decrease  of  density.  It 
follows  that  celestial  spaces,  at  least  within  the  limits  of  the  stellar  universe,  must 
be  iilled  with  matter  in  the  form  of  ga.1-. 

A  fluid  mass  existing  in  space  at  a  distance  from  the  sun  or  other  body  radiating 
heat  would,  if  its  mass  were  not  too  great,  "be  converted  entirely  into  vapour  after 
the  lapse  of  suflicieut  time.  Hut  if  the  fluid  mass  approach  the  sun,  solar  heat 
would  occasion  a  more  rapid  development  of  vapour  on  the  sun\\ard  side;  and 
the  total  vaporization  would  require  an  incomparably  short  time  with  reference  to 
the  interval  necessary  in  the  former  case;  this  time  would  be  shorter  the  smaller 
the  mass  of  the  body.  Professor  ZolLner  points  to  the  smaller  comets,  which  often 
appear  as  spherical  masses  of  vapour,  as  examples  of  such  bodies,  while  the 
spectra  of  some  of  the  nebuhe  and  .smaller  cornets  render  the  existence  of  fluid 
masses  giving  out  vapour  highly  probable. 

The  self-luminosity  and  train  of  comets  he  refers  to  other  causes.  Two  causes 
only  are  known  through  the  operation  of  which  gases  become  self-luminous — 
elevation  of  temperature  (as  by  combustion),  or  electrical  excitement.  Setting 
aside  the  first  as  involving  theoretical  difficulties,  the  second  cause  is  demonstrated 
by  him  to  be  sufficient  to  account  for  the  self-luminosity  and  the  formation  of  the 
train,  provided  it  be  granted  that  electricity  may  be  developed  by  the  action  of 
solar  heat,  if  not  in  the  process  of  evaporation,  at  least  in  the  mechanical  and 
molecular  disturbances  resulting  from  it.  The  production  of  electricity  by  such 

Processes  within  the  limits  of  our  experience  must  be  admitted  as  a  well-known 
ict.  The  spectrum  of  the  vaporous  envelope  of  a  comet,  illuminated  in  this 
manner,  must  necessarily  be  that  produced  by  the  passage  of  an  electrical  discharge 
through  vapour  identical  in  substance  with  a  portion  of  the  comet's  nucleus,  from 
which  the  envelope  is  derived.  As,  according  to  this  supposition,  water  and 
liquid  hydrocarbons  are  important  constituents  of  these  bodies,  the  spectra  of  the 
comets  should  be  such  as  belong  to  the  vapours  of  these  substances ;  and  in  this 
manner  the  resemblance  and  partial  coincidence  of  the  observed  cometic  spectra 
with  those  of  gaseous  hydrocarbons  is  explained. 

The  form  and  direction  of  the  train  indicate  undoubtedly  the  action  of  a  repul- 
sive force ;  and  Professor  Zollner  asserts  that  the  assumption  of  an  electrical  action 
of  the  sun  upon  bodies  of  the  solar  system  is  necestsary  and  sufficient  to  account 
for  all  the  essential  and  characteristic  phenomena  of  tho  vaporous  envelope  and 

*  See  Appendix,  p.  12. 
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the  train.  The  direction  of  the  train,  towards  or  from  the  sun,  is,  according  to  this 
theory,  to  be  easily  explained  hy  the  supposition  of  a  variability  in  the  mutual  elec- 
trical conditions.  This  accords  peifectly  with  the  phenomena  observed  in  the 
development  of  electricity  by  vapour-streams  in  the  hydroelectric  machine,  whore 
the  sign  of  the  electricity  dcuends  upon  the  presence  or  absence  of  various  sub- 
stances in  the  boiler  or  the  tunes. 

The  theory  acquires  an  additional  interest  from  Sehiaparelli's  remarkable  dis- 
covery of  the  identity  of  the  paths  of  certain  comets  with  great  meteor-streams, 
siuco  the  meteoric  masses  must  inevitably  be  converted  into  vapour  on  approaching 
the  sun,  with  exhibition  of  the  characteristic  appearance*  of  the  comets. 

The  intimate  connexion  of  planetary  configuration  and  solar  spots,  of  the  latter  and 
terrestrial  magnetism  and  auroral  phenomena,  must  tend  to  establish  also  a  connexion 
between  solar  spots  and  solar  radiation.  It  is  demonstrated,  by  the  researches  of 
Pia/zi  Smyth,  Stone,  and  Cleveland  Abbe,  that  there  is  a  connexion  between  the 
amount  of  heat  received  from  the  sun  and  the  prevalence  of  spots— a  result  clearly 
in  harmony  with  those  <ieri\  ed  from  recent  investigations  into  the  nature  of  the  solar 
atmosphere.  Further,  in  a  paper  by  Mr.  Meldrum,  of  Mauritius,  ^hich  will  be  read 
before  you  during  this  session,  most  remarkable  evidence  is  given  on  the  close  con- 
nexioiTof  these  phenomena.  It  appears  that  the  cyclones  of  the  Indian  Ocean  have 
a  periodicity  corresponding  with  the  sun-spot  periodicity  ;  so  that  if  an  observer  in 
another  planet  could  see  and  measure  the  sun-spots  and  cyclones  (earth-snots),  he 
would  tind  a  close  harmony  between  them.  Such  a  connexion  will  probably  be 
found  to  exist  over  the  globe  generally  ;  but  with  reference  to  the  Indian  Ocean  it 
may  be  stated  as  a  matter  of  fact,  from  Mr.  Meldrum's  discussion  of  twenty-five 
years'  observations,  that  in  the  area  lying  between  the  equator  ami  *2b~  south  lati- 
tude, and  between  40°  and  1 10  east  longitude,  the  frequent1}  of  cyclones  has  varied 
during  that  period  directly  as  the  amount  of  sun-spots.  1  am  glad  to  be  able  to 
announce  that  Mr.  Meldrum,  in  order  to  place  the  deductions  on  a  still  broader  foun- 
dation, proposes  to  investigate  these  laws  on  a  plan  perfectly  in  agreement  with  our 
method  of  determining  the  areas  of  solar  disturbances,  the  results  of  which  ha>e  been 
published  from  timo  to  time  during  the  last  ten  vears.  Moreover  the  observations 
on  the  periodic  changes  of  .Jupiter's  appearance,  and  the  observations  of  Mr.  Bax- 
endell  that  the  convection-currents  of  our  earth  tary  according  to  the  sun-spot  period 
— all  these  results,  seemingly  solitary,  but  truly  in  mysterious  harmony,  point  to 
the  absolute  necessity  for  establishing  constant  photographic  records  01  solar  and 
terrestrial  phenomena  all  over  the  world.  No  astronomer  or  physicist  should  lose 
any  opportunity  of  assisting  in  this  great  aim,  by  which  alone  unbiased  truthful 
records  of  phenomena  can  be  preserved.  What  is  more,  no  system  of  observations 
can  b«  carried  on  at  a  less  expense. 

We  have  hopes  of  seeing  the  photographic  method  as  applied  to  sun-observations 
joined  to  the  work  of  the  ( ireemv  ich  Observatory  ;  but  what  is  further  wanted  is  the 
erection  of  instruments  for  photographic  records  and  of  spectroscopes  in  a  number 
of  observatories  throughout  the  world,  so  as  to  obtain  daily  records  of  the  sun  and 
to  observe  niagnctical  and  meteorological  phenomena  continuously  in  connexion 
with  solar  activity.  Meteorological  observation  is  storing  up  useful  facts ;  but 
they  can  only  be  dealt  with  effectually  if  investigated  in  close  parallelism  with 
other  cosmical  phenomena.  Only  when  this  is  done  may  we  hope  to  penetrate 
the  maze  of  local  meteorological  phenomena  and  elevate  meteorology  to  the  rank 
of  a  science.  The  time  has  really  come  not  only  for  relieving  private  observers 
from  the  systematic  observation  of  solar  phenomena,  but  for  drawing  close  ties 
between  all  scattered  scientific  observations,  so  as  to  let  one  grand  scheme  embrace 
the  whole ;  and  no  method  seems  to  be  so  well  adapted  to  bring  about  this  great 
achievement  than  the  method  of  photographing  the  phenomena  of  nature,  which 
in  its  very  principle  carries  with  it  all  extinction  of  individual  bias. 

In  conclusion  I  cannot  refrain  from  making  a  passing  allusion  to  a  Royal  Com- 
mission, presided  o\er  by  the  Duke  of  Devonshire,  which  has  been  sitting  for  some 
time  past;  for  1  believe 'that  its  labours  will  have  an  important  bearing  on  all  that 
relates  to  scientific  education  and  the  promotion  of  science  in  this  country.  The 
time  has  come  when  the  cultivation  of  science  must  be  protected  and  fostered  by 
the  state ;  it  can  no  longer  be  safely  left  to  individual  efforts,  If  England  is  to 
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continue  to  hold  a  high  position  among  civilized  nations,  the  most  anxious  care 
must  be  given  to  the  establishment  by  the  state  of  such  an  organized  system  for 
the  advancement  of  science  and  the  utilization  of  the  work  of  scientific  men  as  will 
be  in  harmony  with  similar  organizations  in  neighbouring  states — for  examples, 
France,  Germany,  and  llussia. 

APPENDIX. 

Certain  conclusions  at  which  Professor  Zullner  arrives  in  the  investigation  of 
several  points  bearing  on  the  theory  which  he  defends  are,  quite  independent  of 
the  latter,  of  high  scientific  value. 

First,  with  reference  to  the  density  of  atmospheric  air,  which  (in  accordance 
with  the  considerations  mentioned  in  stating  his  views)  ho  supposes  to  fill  the 
interstellar  space  everywhere,  he  assumes  for  the  purposes  of  calculation  that  tho, 
temperature  of  space  is  that  of  melting  ice,  and  finds  that  the  lower  limit  of 

density  for  a  portion  of  gas  in  space  is  in>ltr  of  that  of  the  air  at  the  earth's  surface, 

a  value  so  small  that  if  a  mass  of  air  which,  at  its  ordinary  density  upon  the 
earth's  surface,  occupies  a  volume  of  one  cubic  decimetre  (a  litre)  were  reduced 
to  the  density  expressed  bv  this  fraction,  it  would  fill  a  sphere  whose  radius  would 
not  be  traversed  oy  a  ray  of  liyht  in  less  than  10 H  years.  These  values  indicate  a 
density  which  would  have  no  appreciable  effect  whatever  upon  rays  of  light  or 
upon  the  motion  of  bodies  in  space,  and  which  would  become  still  less  if  the  tem- 
perature of  space  be  taken,  with  Fourier,  at  —  (>0°(\,  or  with  Pouillet,  at  —  l.'W°(\ 
But  as  every  solid  body  must,  by  virtue  of  its  graxitfitive  energy,  condense  the  gas 
into  an  atmospheric  envelope  round  itself,  the  density  of  the  latter  will  solely 
depend  on  the  size  and  mass  of  the  body.  Professor  Zollurr  finds  by  calculation 
that,  for  instance,  the  density  of  air  thus  forming  an  atmosphere  round  the  moon 

must  be  T/^W  °f  that  °f  the  a^r  °f  the  earth's  surface.     This  is  in  accord  with  the 

fact  that  no  trace  of  a  lunar  atmosphere  has  as  yet  been  detected.  But  the 
values  become  very  great  for  the  larger  planets,  quite  great  enough  to  manifest 
absorptive  effects  upon  the  light  reflected  from  them.  Considering  that  there  are 
peculiarities  in  the  spectra  of  Uranus,  Neptune,  and  aKo  of  Jupiter,  which  appear 
to  indicate  atmospheric  influences,  Professor  Zollner's  results  are  not  without 
deep  interest,  and  certainly  suggestive  of  further  inquiry. 

Secondly,  with  reference  to  the  supposition  that  a  body  may  be  at  the  same 
time  under  the  influence  of  gravitative  and  electrical  agencies,  it  was  necessary  for 
the  author  of  this  theory  to  discuss  the  quantitative  difference  in  their  effect  upon 
ponderable  masses  at  a  distance.  The  discussion  shows  that,  if  tho  mass  increases, 
gravitation  preponderates  over  electricity ;  if  the  mass  decreases  sufficiently,  the 
contrary  takes  place.  It  follows  that  the  cometary  nuclei,  as  masses,  an;  subject 
to  gravitation,  while  the  attenuated  vapours  developed  from  them  yield  to  the 
action  of  free  electricity  of  the  sun.  Professor  Zolluer  has  based  upon  Ilankel's 
numerous  and  careful  researches  on  the  determination  of  atmospheric  electricity, 
in  absolute  measure,  an  analytical  inquiry  into  the  motion  of  a  small  sphere  under 
the  action  of  gravity  and  atmospheric  electricity,  which  leads  to  some  remarkable 
results.  Supposing  the  free  electricity  of  the  sun  to  be  not  greater  than  that 
repeatedly  observed  on  the  earth's  surface,  and  to  be  uniformly  distributed,  it 
would  communicate  to  a  sphere  having  a  diameter  of  1 1  millimetres  and  a  weight 
of  T£g-  of  a  milligramme,  and  starting  from  the  sun,  by  the  time  it  had  moved  as  far 
away  as  the  mean  distance  of  Mercury,  a  velocity  per  second  of  3,0*27,000  metres, 
or  408*4  German  geographical  miles  *.  This  velocity  is  such  that  in  two  days  it 
would  pass  over  a  space  of  70,540,000  German  geographical  miles,  a  magnitude 
quite  or  the  same  order  as  those  recorded  by  cometary  astronomy.  The  discussion 
was  undertaken  to  prove  that  there  is  no  need  for  nssummg  the  existence  of  an}' 
unknown  repulsive  agency,  but  that  electrical  energy  not  greater  than  that  observed 
on  the  earth's  surface  is  amply  sufficient  to  account  satisfactorily  for  the  pheno- 
mena presented  by  cometic  trains, 

*  Fifteen  to  a  degree  of  longitude  on  the  Equator. 
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MATHEMATICS. 

On  the  Contact  of  Surfaces  of  the  Second  Order  with  other  Sin-faces. 
By  Prof.  OLIFJTOKD,  J/.-4. 


New  Improvements  hi  Approxi  mutiny  more  rdp'tillytltatiuswd  to  Square,  Cult, 
and  other  Moots  of  a  yiveii  lumber's.    JJy  M  VTTHEW  COLLINS,  A.B.  Dublin. 

On  Square  Jluots. 

It  is  plain  that  (NJ—  a)'11,  where  m  is  a  positive  integer  and  X  and  a  any  given 
number*,  has  always,  when  expanded  by  the  binomial  theorem,  the  form  AX''  —  B, 

8inC°  (XV  =X  .  NJ,       (N')4  =  N%      (X-')  =  X^  .  Xi,     &e. 

Xow,  by  one  or  two  trials  or  guesses  a  can  be  taken  so  near  X-'  that  X^  —a  shall  b3 
a  small  frartion/<  l,,  or  oven  «<  /„,  and  then  (X  --«)"*  =/'"',  i,  e.  =  AX-*  -H,  which 

" 


V'  , 

rs^=      r/  -  ,  .-,  verv  nearly  =  -.  , 
A  "  ~        A 

especially  when  »t  is  a  large  integer  whose  givatneas  plainl\r  increases  A  and  U, 
but  diminishes/'",  where/=X^  —<f;.\  =yt~"  '•'•  =  \>xi~  "tarly,  so  that  /,  when 

positive,  is  ^  "T  r/    or       ,  where  D  =  X—  f/a. 
l\/  LV/ 

J?r.  //r.  ;>j=3  gives 

.     (.W4-a!)</+/1          ..  .15NT+«3    ,  71 

^  *  =     -w+y-  -  exacll.v'  •••  =  ;{V+  X  "+  4N  ^  01"J'  llearl>' 
(since  a'-'  =  X  nearly), 


as  •?     must  nocodsarily  be  very  ?mall  indeed.     X'ow  this  plainly  agrees  with  J)r.  • 

ITutton's  elegant  formula  (  ])),  given  further  on,  for  approximating  to  X"  when  w=e2. 
lint  we  can  appro  \imate  to  X-'  btill  more  rapidly  than  by  Dr.  Hutton's  rule  ; 
for  by  taking  ;/<  =  •"),  we  lind 


-.  =  ;'(N  +  ''')'-(-«;'!'       ,  _.(!_=«•+/•'  ^,-n  m-ai-lv  (since  «"=X  uearlv), 
."-J  —  i     -        '     J.NJ 


Xow  thU  la>l  y/r«*  and  rlci/ant  fomuila  approximates  to  X-  inncli  more  closely  than 
this  above-mentioned  formula  of  Dr.  llutton.  since  the  error  or  supplemental^'  term 

f,          f\       f±  f\ 

here  omitted,  \i/.    7'4r-  =  •'-,  '  •'.»  is  oAn'ow*///  much  less  than  -;VT.its  >aluo  or 
n>rs-       L\     -KN  4iS 

amount  when  Dr.  llutton's  rule  i-  used. 

Er.f/r.  To  iind  x^J.     Let  IL  lake  a=2<  and  as  X  is  liere  ='>,  wo  find  by  our 
new  formula 


x   . 
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in  fact  (^hy)a=3+/oafyj  >  indicatin&  that  ^  is  nearer  to  ^3  than  any  rational 
fractior  whoso  denominate  »r  id  loa&  than  200. 


Hoofs. 

It  is  plain,  as  before,  when   NI  is  a  positivi1  integer,  that  (NJ—  «)'",  when 
expanded  by  the  binomial  theorem,  has  always  the  form  AN^  +  BN^-f  0,  since 

(X*)°=:N«     (N*)'=3T,    (N-»)'=X.XJ,    (X«)'-N.Xt,    &c. 
Now  take  a,  as  "before,  by  trial  or  guess,  so  that  X  ^  —  a  shall  be  a  small  fraction  /<i  5 


and  for  another  integer  -;n'  we  have 


Now,  by  eliminating  N*  from  these  two  equations,  we  easily  find 

N  '•  =  (A'U-AC'+A/"1'-  A/(M)  -r  (A  H'-  A'H)  exactly,       * 
and  thereibre      ^±A£  very  nearly. 

JKr.  (jr.  Taking1  ?/i=-5  and  tn'=7,  we  readily  iind 

^7N^105NV+1^V+11^        u,,vlim.lv. 
iV  +  (^^'  +  M7.\^+^"    '      U  'V  maU}  J 
so,  if  tt''=N-fP,  then 

a«+r,D)    4  j  .......       (1 

'  l    ' 


To  iind  v7^}  take  fl  =  .*Jj  tln-ii  J)  =  rt'—  N,  .'.  luTe  =—  -  ;  and  then  our  last  for- 
mula gives 


_ 
-     -)J  +  J  Jlx 


which  is  correct  to  its  last  decimal  figure  S. 

i 
J&I8?/   Dcmottfitratwn  of  Dr.  Hutton's  tJcyant  formula  for  ajiinwtmatinf/  to  N", 

with  an  important  Jiemarl  or  Intimate  of  the  dcyrcc  of  accuracy  attained  by 

means  of  its  use  and  application. 

Let  a  be  the  assumed  near  value  of  N";  whose  oxnct  value  is  =«-Kr  j  tlion,  as 
N  must 


and  as  a1  is  very  small,  therefore  it  is  nearly  =  f._    ?   .  J]y  substituting  this  Aalue 

waM~~! 

for  the  first  power  of  a?  in  the  preceding  denominator  and  omitting  the  subsequent 
terms  therein  containing  #u,  a?1,  &c.,  we  now  (hid,  M<HY  nearly  •, 


and  thus  the  corrected  root  cr+a?s=a(l+  j  conies  out 
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which  is  tho  elegant  formula  of  Dr.  Uutton.  first  imcn  in  his  Fourth  Tract  in  the 
year  A.D.  1780. 

Now,  to  estimate  tho  degree  of  accuracy  attained  by  <«ach  new  application  of  this 
elegant  formula,  lot  N  =  «",  so  that  a  is  tho  correct  wth  root  of  5s',  and  a  -fa?  the 
assumed  or  guessed  nmt  whose  eiTor  is  ^  tlien  the-  rule  being  applied,  gives  the 
corrected  root 


1  +  i  «r= 2 Si .  Xa 


Now  ii'  the  first  two  or  three  iijuuvs  to  the  left  be  correct  in   a-\-x  then  tho 

relative  error  -  will  be  <_-— -,  and  .'.  *   <  -.,iirw.  ,s  >  an(l  fts   -i—  ^3  ^n  general 

a  100  (i         1000000  12 

small  when  ?>  is  noi  a  large  integer  fit  is  -<1  when  w  =  !2  or  o),  .-.  the  new  corrected 
root  will  be  true  in  its  iirst  six  ligures  (to  the  left) ;  and  if  the  as>umed  rout  a+x 
agree  >\ith  the  true  root  a  in  its  iirst  three  or  four  iigures  to  the  left,  then  its  rela- 

the  error  ~  must  plainlv  be  •<  .-— -,  and  therefore  the  relative  error  n-^i~  •  \  of 
a  *  1000  -12       a1 

the  corrected  root  will  be    -<  .. -__  .^.- -  _,  when  ?i<:10;    so  that  its  first  nine 

1 000000'  KJO 

figures  at  the  left-hand  side  mu^t  be  correct  j  and  hence,  in  general,  each  operation 
or  new  application  of  this  formula  trebles  the  number  of  correct  ligures  in  the 
assumed  root. 


On  tJiC  EwiliMl'toii  in  ficriit  'of  certain  D*  finite  Ii 
By  J.  \V.  L.  (iLvisiiKR,  H.A.,  F.X.A.S. 

It  is  a  well-known  result  (due  originally  to  Laplace)  that 


)  that  bv  continued  operation  with  the  s}iubol  -     '  or  its  reciprocal,  the  value 
* 


can  be  found  of  f  "  tT"'  e  '     l*de.    The  result  is 

/»«     o;          „     «a  r1*         ,       .  ft2 

i          -t    -r2 n|  -2i-L>    _!•-»-- 

I      we         t-rfi?:=:#    It)  e         l'"rf» 

",^  _"rt 

%    ^2ft,    ...       0) 


"     oiC'Hl)         V 

ill  which  ?z  is  written  for  !2/-f  1  (so  that  :2/— ?i  — "0  ;  the  serios  is  to  terminate  when 
the  factor  /.ero  appears  iirst  in  tin*  numerator  of  a  term.  There  are  several  ways 
in  which  (1)  can  be  pnned;  but  it  in  unnecessary  to  enter  into  details,  a*  it'ia 
only  a  ease  of  a  more  general  formula  proved  boloxv.  The  identity  of  the  two  in- 
tegrals in  (1)  is  obvious,  since  each  is  deducible  from  the  other  by  taking  u*=  ~. 

But  although  (1)  gives  the  value  of  f     «"     e  *    *2dv  when  n-1  is  of  the 
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form  4^2/,  it  gives  110  indication  of  its  valuo  when  n  is  not  a  positive  or  negative 
odd  integer  ;  and  it  will  IKJ  found  that  the  two  most  natural  methods  of  evaluating 

a" 

thin  integral,  viz.  by  expanding  the  factor  e  °a  and  integrating  term  by  term,  or  by 
multiplying  bv  e2a  and  transforming  the  new  integral,  &c.,  both  fail  through  tho 
occurrence  of  infinite  values  for  the  terms  after  a  certain  point,  the  reason  for  which 
will  appear  further  on.  it  might  perhaps  b«  thought  that  when  n  was  arbitrary 
the  formula  (1),  the  factorial  being  replaced  by  the  (lamma-fimc-tion,  would  still 
bo  true  by  the  principle  of  the  permanence  of  eqimalciit  forms,  the  series  tln»n 
extending  to  infinity  ;  but  such  is  not  the  ease.  The  value  of  the  integral  in  the 
general  case  may  be  found  as  follows,  the  steps  of  the  method  only  being  indicated 
in  this  abstract. 

d2u 
It  is  found  that  Riccati'a  equation  j^r-**r(*~'2  u~0  is  satisfied  by  the  integral 

\     e~~ltdz}  u  being  written  for  z2g+    x  .,  #,  and  also  by  certain  series  given  in  the 
0  4r/V' 

*  Philosophical  Magazine,'  SLT.  4,  vol.  xxx^  i.  p.  JJ48.  As  tho  diilV-rontial  equation  is 
linear,  it  follows  that  the  integral  must  be  of  the  form  A  x  one  scries  +  ^  X  tho 


n  s 
ho 
other  series,  A  and  B  being  constants.     Transforming  every  thing  now  hy  assuming 

q 


-i  q 

n—-,  «  =  j^-,  it  will  be  found  that,  after  very  considerable  reductions,  we  have 
the  result  that  if 


and 
then 


09 

[The  details  of  the  transformation  indicated  abw  e  aro,  to  a  great  extent,  »iven  in 
the  'Philosophical  Magazine,'  for  June  187^  (vol.  xliii.  p.  4W  &c.).     The  original 

q 

pories  are  given  at  the  top  of  pajze  4o>l,  and  their  transformations  (taking   „  =/3) 

at  the  bottom  of  the  same  page,  while  U  and  V  aro  merely  (-)  and  (tf)  of  page 
4JJ5,  2a  being  written*  for  /if,  as  is  done  throughout.  The  following  errata  should 
be  noticed  in  the  formula?  as  they  stand  in  the  *  Philosophical  Magazine,'  viz.  the 
factor  /9'*  is  accidental!}  omitted  from  the  values  of  11  and  S  »ivm  at  the  foot  of 
page  434,  and  the  factor  "2  is  omitted  in  the  denominators  of  the  second  term  in 

(2)  and  (3)   (it  should  be  -k)   ^     \ ;  also  in  (2)  /3'  should  be  ft\     None  of  those 

slips  affect  the  subsequent  work,  for  they  are  treated  as  if  in  their  correct  forms, 
not  as  printed.] 
Resuming  (2),  it  remains  to  determine  A  and  B,     l.y  putting  ft=0,  we  obtain 

at  once  A=  \T  (-J- V     Lot  B=r/>(y/),  and  transform  (2)  by  taking  ~  for  r  ;  wo  thin 

find 

^ 

*.i\ 

O't) 


%/0 


But  this  integral  is  the  same  as  the  integral  in  (2),  with  the  sign  of  n  changed  ; 
therefore,  observing  that  a  change  of  sign  in  n  turns  II  into  V,  and  rice  iwwf,  wo 
^ee  that  the  right-hand  side  of  (3)  also 

*  Quarterly  Journal  of  Pure  and  Applied  Mathematics  vol.  xi.  p.  207. 
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•\A  hence  it  follow  s  that 
and 


| (-0 

the  formula  in  question. 
When  n=2H-l,  it  will  be  found  that  this  gives,  after  use  of  the  formula 

T(vi)  r(l— m)  =  .  -—     and  reduction,  as  the  value  of  the  integral 

8U1W17T  C 


which,  by  meaim  of  the  formulae  in  the  Number  of  the  '  Philosophical  Magazine '  la&t 
quoted,  is  readily  identified  with  (1). 

^The  form  of  (4)  affords  the  reason  why  the  usual  methods  fail  to  give  the  value 
of  the  integral,  as  it  shows  that  the  result  is  not  generally  expansible  in  integer 
powers  of  a.  Generally,  therefore, 


But  when  n  is  a  positive  or  negative  odd  integer,  it  is  enough  to  take  only  the  ter- 
minating series,  and  ignore  the  other  altogether  ;  a  more  complete  explanation  of  the 
reason  for  this  than  is  given  here  can  be  gathered  from  the  paper  in  the  '  Philoso- 
phical Magazine.'  If  n  =  a  positive  or  negative  even  integer,  the  aeries  for  U  or  V 
becomes  infinite,  and  then  one  of  the  series  involves  log  a  as  a  factor  (see  JKuler, 
Cale.  Jnteg.  vol.  ii.  chap.  yii.).  Even  the  partial  discu&sion  of  this  case  must  be 
omitted  in  this  abstract. 


On  the  Function  that  stands  in  the  same  Relation  to  BernotdlTs  Numbers  that 
the  Ganuiia-fiinctivii  dv<s  to  Factorials.  Bt(  J.  W.  L.  (JLAISHER,  B.A., 
F.R.A.N. 

Tt  is  always  a  matter  of  some  interest  to  regard  a  series  of  constants  as  particular 
values  of  a  continuous  function,  which  function  can  usually  be  exhibited  as  a  de- 
finite integral.  The  problem  is  of  course  indeterminate,  as  through  a  series  of 
points  at  finite  intervals  from  one  another  an  infinite  number  of  curves  can  Im 
drawn  j  but,  as  in  the  case  of  the  Oamma-functiou  in  its  connexion  with  the  factorial 
1.2.  ...r,  there  is  usually  but  one  curve,  which,  in  an  analytical  point  of  view, 
stands  in  this  relation.  It  seems,  therefore,  worth  while  to  investigate  the  function 
connecting  Bernoulli's  numbers  ;  and  this  is  readily  effected  as  follows. 

Denoting  by  B»  the  wth  Bernoulli's  number,  wo  have, 


fo 
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the  expression  in  question,  which  gives  a  value  for  Bn  when  n  is  fractional. 
all  cases,  therefore,  the  formula  is 


In 


The  first  four  Bernoulli's  numbers  are  i,  -J0,  ^5,  -,£„,  after  which  they  increase 
rapidly,  so  that  there  is  a  minimum  between  BL>  and  Bt.  As  this  minimum  point 
is  the  only  intrinsic  point  of  interest  on  tho  curve  y  =  B^,  the  following  Table  was 
calculated  of  values  of  13*  in  its  vicinity  :-  — 


X. 

13,.              ! 

X. 

Kr. 

2-0 

0-0333333 

3-0 

O023809.5 

2-1 

(H)309<;r>8 

3-1 

0-0239930 

2-2 

0-02JXXHJ2 

3-2 

0-024;  WO  4 

2  » 

0-0273401 

:      3-3 

0-021822H 

2-4 

0-0:!<j;M48 

i         3-4 

0-01^4741 

2-5 

0-0254132 

1         3*«j 

0-0202013 

2-0 

0-02  17  141) 

i         3-(> 

0-027284o 

2-7 

0-0242228 

3-7 

0-0284(508 

2-8 

0-0239107 

3-8 

0-0298548 

2-9 

0-0237822 

3-9 

0-0314088 

4-0 

0-0333333 

From  Lag-range's  formula,  that  if  A,  B;  0  bo  three  values  corresponding  to  ar- 
guments a}  b,  c,  iheu 


?-T'a7"~c    -i-B  *'-cx 
(a~b)(a~c)         (b—cj(b 


a) 


'  (c  —  a)  (c~b)' 


it  follows  that  if  A,  B,  0  arn  three  values  in  the  neighbourhood  of  tho  mini  mum, 
then  xf  the  argument  of  tho  minimum, 


and  by  deducing  the  value  of  x  from  2-8,  2-9,  and  3-0,  and  also  from  2-9,  3'0,  and 
3-1,  it  is  found  that  the  minimum  corresponds  to  #  =  2'03.  .,  ;  and  therefore,  by  tho 
usual  interpolation-formula,  the  minimum  value  =-02377.  .  .  . 

The  values  in  the  Table  were  calculated  from  the  formula  (1)  expressed  in  tho 
modified  form 


For  ^  =  2-1  it  was  necessary  to  include  terms  as  far  as  (  —  )"  >  for  2-2  as  far  as 

f^g)-J?>  ail(i  ultimately  for  x  =4  only  as  far  as  (^j    •     The  calculation  was  per- 

formed \\\  duplicate,  and  the  accuracy  of  the  values  is  apparent  on  forming 
6th  differences.     The  values  of  logr(#)  were  deduced  from  Legendre's  Tables. 
It  may  be  noted  that,  by  means  of  the  formula 


the 


-1+i+i+i- 


somewhat  cliiferent  form  may  be  obtained  for  B,(  ;  for  we  have 

22ll.32n... 
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and 


80  thai 


2,  •%  6r  .  .  .  being  the  series  of  prime  number**. 


On  the  Law  of  Distribution  of  Prime,  JYw/zft/v*. 
%  J.  W.  L.  GL.UHUEK,  /Ol.,  F.2LA.S. 

Tnthe  'Philosophical  Magazine  '  for  July  1S40  the  late  Mr.  Harpreave  proved 
results  of  great  interest  in  the  theory  of  numbers,  viz.  that  the  average  distance 
between  two  primes  about  the  point  a;  of  the  ordinal  series  was  logoff,  and  that  the 
number  of  primes  between  x  and  x  was  very  nearly  \\x'—  lijr,  li  .<•  being  tho 

logarithm-integral  of  x.  viz.  li.r=  P  ,— .     A  result  practically  the  same  was 

Jo  log  .r  * 

also  arrived  at  by  TchebychefT,  Peters]) urgh  Transactions,  18*48  (sec  '  Philosophical 
Magazine,'  August  1*51). 

The  general  truth  of  these  results  was  veriliod  by  TLirgreave  for  a  number  of 
ranges  among  numbers  less  than  a  million  ;  hut  in  only  one,  ease  did  ho  compare  tho 
numbers  given  by  the  formula)  with  the  numbers  counted  above  this  limit.  Tho 
means  for  making  this  comparison  are  afforded  by  UurckLardt's  Tables,  which  »ivo 
tho  least  divisor  of  every  number  not  divisible  b\  -2,  ii,  or  5  from  unity  to  thivo 
millions,  and  Dase's  Tables,  which  do  the  same  fur  numbers  between  six  millions 
and  nine  millions.  The  intermediate  three  millions  although  existing  in  manu- 
script in  the  library  of  the  Herlin  Academy,  luive  not  been  published.  Hurckluirdt's 
Tables  were  published  in  1M  J-17,  and  were  theri^iore  »cci\s-»iblo  to  IIar»roavp;  but 
J.)n,se'H  have  only  been  published  since  ISO:?.  J»y  means  ofthc^se  Tables,  of  course 
»11  the  primes  included  within  their  limits  can  b<^  found,  us  their "  least  factors''  being 
tliemselves,  they  are  denoted  in  tho  Tables  by  a  bar.  1  have  therefore  had  all  the 
primes  in  every  hundred  of  the  six  millions  over  which  the  Tables  extend  counted, 
and  have  also"  calculated  the  numbers  given  by  the  formula*;  and  the  results, 
arranged  in  groups  of  50,000  for  two  millions  (vi/.  the  second  and  the  ninth), 
are  given  in  the  two  Tables  below.  Tho  second  million  was  chosen  in  preference 
to  the  first  for  insertion  in  this  abstract,  portly  because  results  derived  from  the 
counting  of  primes  in  the  latter  ha\c  been  exhibited  by  Legendre,  Hnrgreave,  and 
others,  and  partly  because  the  distribution  is  very  anomalous  near  the  commence- 
ment of  the  series  of  numerals. 

The  numbers  in  the  millions  were  divided  into  groups  of  50,000,  and  jc'  is  written 
for  brexity  for  x+  50,000.  In  the  first  Table  the  numbers  in  the  "  Primes  counted '" 
column  are  the  numbers  of  primes  between  x  and  JT'  ;  thus  there  are  3l>3o  primes 
between  1,000,000  and  1,050,000,  &c.  In  the  second  Table  the  logarithm  of  the 
middle  number  of  the  group  of  the  50,000  \\  as  taken  as  the  logarithm  for  the 
group,  and  the  "  Average  interval  between  tho  primes "  was  found  by  dividing 
50,000  by  the,  corresponding  number  in  tho  "  Primes  counted  "  column  of  the  lirst 
Table,  the  average  intervals  between  two  primes  in  the  group  from  1,000,000  to 
1,050,000  being  1^70,  &c. 

The  logarithm-integral  is  only  a  transformation  of  tho  exponential  integral,  the 
relation  between  the  two  being  li  etr=Ei  .r ;  and  by  the  use  of  Taylor's  theorem  we 
find 
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Primes     Differ-  j                         .    , 

Primes     Differ-  ! 

,r. 

li.«'  —  li.r. 

counted,  j    crice.    ;          <r*          ;        ""iluN  counted,     enec. 

1,000,000  1     3013 

:J035       —22  :   8,000,000  i     1145         3121        +->4 

1,050,000  '     3000     | 

3580     ,  +20      8,050000        5144         3129        +15 

1,100,000  ;     3589 

35*0     '             ;    8,100,000        514'}         ;U27        +  10 

1,150,000  i     '1577 

3030     '  -59  '    8,150,000        5141          3171        —33 

1,200,000       3507 

155:50     i   +37      *.200,000  .      ]   10         3101        -21 

1.250,000 

3557 

3551     i   +  0      8,250,000         5  39         3122     '   +17 

1  ',300,000 

3517 

3522     ,   +25      8,3(X),0(X)        }  :;8         3171        —  33 

1  ,3  50  .(XX) 

3538 

3579     i   -41       8,350,000        }  .17         3114       +23 

1,400,000 

3529 

350  L     i   +2*      K,  400,000        >  35     •     3092        +  13 

1,450,000 

3520 

3:50(5     i  __  (j      8.450,000         ;  34          ;5153        —19 

1,500,000 

3512 

3.^0-S     |   +   4       8/500,000        :!  33 

31«0     ,   -27 

I1*.  *\r\  (\f\r\ 
,«.)«  )VJ,v/\  >>" 

3504 

•     3-M5     '   +"9      8,550,000       :)  -"2 

3h',(i        ".]  \ 

1  ,000,000 

319li 

,     ;>i<)s        —  2      8,<'0()0(X)       3    )1 

:J129       +  2 

1,050,000       3489 

i     ^.'507        —  l,s  '    8,('fr)0,(XX)       »'>  -'JO 

;iir,^>       —22 

1,700,000       31  S3 

;UO.S        +14      8,700,000       -\  29 

3139       —10 

1,750,000 

.fJ475 

3ir»r>    ,  +10     8,750,000      ;)  27 

;»,J(H)       —.",3 

1,800,000 

3408 

;>I7()        _  2      8,800,000  '     3120 

3108       +18 

1,850,000 

3402 

;^S7        -»i>o      8.850,000        3125 

31  12        +  13 

1,900,000 

3455 

3473     '  -18  •   8/,)()0,0()0       3124 

:{l:V)     |  —11 

1,950,000 

3  Hi) 

3430     ,   +19      8,950,000        3123 

3135        —12 

Total  .... 

70429 

j  70120    ,  +  9     Total    .  ..'  CcMi7«i 

i                i                                i 

027  1'.0       —84 

Average  inter-  ' 

-Average  inter-  ( 

.?-+.rf 

val  bet  ween  two' 

.?-+.}  ' 

^al  between  two 

£• 

log 

consecutive 

•?\ 

()o  "     o       ' 

cou'-centi^c 

primes. 

primes.       ' 

1  ,000,(X)0 

13-81 

13-7(5 

8,000,000 

15  90 

Mi  02 

1,050,000 

13-S9 

1  3*97 

8,050,000 

15-1  JO 

1598        ' 

1,UX),(X)0 

13  93 

13  9.'  5 

8,100,000 

1591 

15-99 

11  *r/  \  l\t\f\ 
,  1  '  IV  JA'V/vJ 

13-98 

13-75 

8,150,000 

15-92 

1575 

1,200,(X)0 

1  1*02 

14-10 

8.200,000 

5-92 

15-8-J 

1.250,(XX) 

14-CO 

14-08 

8  250  000 

5-93 

!(-,.().> 

1,300,000 

14-10 

11-20 

8^00,000 

593 

15-77       ' 

1,350,000 

14-13 

13-97        ! 

8,350,090 

5  94 

1000 

1,400,000 

14-17 

14-28 

8.400,000 

5  95 

10-17 

1,'150,(XXJ 

14-20 

11-18 

8,450,(XX) 

5-95 

J5-80 

1,500,(X)0 

1424 

14-25 

8,500,000 

5-1  (i 

J5N2 

1,550,000 

14-27 

1  4  43 

8,  55<  },()('() 

5  9<> 

15-79        i 

1,(»()0,000 

1  1-:X) 

14-19 

8,<  (X),(HX) 

5  97 

15-98 

1  .f"i50,00() 

1  4  *33 

14-  ,V, 

8  (>50.(XX) 

5-98 

15-8(5        ' 

1,700,(X)() 

1  I'.'iii 

144:> 

8?,700  OQ(» 

5  98 

15-9:5 

1,750,000 

14-39 

1  i-4:5 

8,750,000 

5-1  9 

1582        i 

1,800,000 

14-42 

14-41        I 

8,800,000 

5-99 

1009        i 

1,850,000 

14-44 

1  4  -34 

8.850,000 

10-00 

1(507        i 

1,900,000 

14-47 

14-40       ! 

8,JX)(),000 

10  00 

15-95        i 

1,950,000 

14-50 

1458       1 

8,950,000 

1(5-01 

15-95       ! 
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collecting1  together  all  the  coeHicients  of  e_, 

/-"*-/      *v"     AV, 
~x~~     L>.«-~;;".?+<>"; 

and  thi-roforo 

(IV/H.*))'      {m,.(i  +  *)r 
H«-  - h       ^     -»;  [     yj v     ?/;  J    | 

ll y _  -  „  -  r - +  •  • .  ., 


an  extremely  convenient  formula  for  o.ikid.iling  from  IlavgrijuoV  piuiciplos  "Iho 
approximate  number  ol  prim<  s  between  limits.  The  la.-t -written  fovtnala  \\a^,  of 
course,  deduced  from  the  pinions  one  by  taking  f '  —  y  and  <*'1  *"*  =  //  \-1*.  in  tho 
Tables  /;=/K).000,  and  lory— 1,000,000  l ho,  \ahio  of  (he  n-iond  term  <'mU  ni  lounted 
to  <»-2,  and  the  third  0*2;  for  ?/=  1  J)oO,0<X)  tin-  -"fond  term  ^0-  •'!•;',  and  <ho  third 
inseiiMble,  while  for  ?/ =8,000,000  1li«l  second  t<  rm  was  onh  O-'J;  >o  iluit  the  first 
two  forms  wore  pra-tioally  sufUeioiit  for  the  second  million,  \\ith  the  interval  of 
50,000,  and  the  first  alone  fur  the  ninth  million.  It  is  impo^ihle.  in  a  brief  ab.-tracL 

like  tho  present,  to  notice  the  agreement  with   Legend  re's  formula       - 

*  '  \i)it'  r I  '(H'U'ifi 

'",->  i|        '   v<  -nju 

&e. ;  but  the  author  hopes  to  pnhli.sh  the  \aluos  for  the  other  million-,  elsewhere. 

Tho  results  gi\en  in  the  two  Tables  above  A\oro  caleul;'tr<l  or  counted  in  duplicate 
throughout  ;  and  it  is  believed  thnt  Jione  of  the  values  of  li.*'— -  MX  will  be  found 
wrong  by  so  much  as  a  unit,  though  an  eiror  of  this  amount  is  ju-t  possible.  In 
the  total,  which  was  formed  mereh  by  adding  tho  numbers  in  tho  Ji,/ — ]]j>  column, 
of  course  a  somewhat  greater  erior  is  pos>ihle  b\  accumulation.  It  mav  he  conve- 
nient here  to  state  that  li{  1,000,000 )  =  Ki(  l:i-8i:>ol  )=7K(i27  2  .  .;  li'(  l.OoO.OOO) 

—  Mi  (1'1-SC4.°.0)  =  S22ot)-i> ;    li  ( 1,100,000)  =  Mi  ( l:J-(.M(Vs>)  =  S.V-IO-i*.'.  .  .  : 

li  ( 1,150,000)=  Mi  (l^aV>27)==89428-7 Those  values  won'  not  obtained  from 

the  first  by  means  of  the  abo\  e  Table,  but  were  each  calculated  independently  from 
f  he  semiconvergent  series 

Ei  x  =  ,r   )  1  +  .!  +  1  '  =  4. 1  •2|-3  +  L  -  •  3 

TTargreave  has  given  a  formula  \\hich  is  no  doubt  a  particular  ca^e  of  th.'ii  in  this 
paper  (though  1  ha\e  not  yet  compared  them);  but  either  some  of  hi-;const«intsmu>t 
nave  boon  erroneous,  or  he  mu<t  have  made  errors/)f  calculation,  us  all  the  numbers 
given  in  the  Table  on  page  -IS  of  the  '  Philosophical  Mapa/.ine.'  for  July  l84J)f  which 
was  calculated  hy  means  of  H,  M«oni  to  lx4  nion*  or  less  inaccurate  (see  fc  Philoso- 
phical Transactions,'  lS70,p.  :»8l»;  the  argiimeutsaieidenlical.  a -On  fact,  llargrea\e 
has  taken  integer  arguments  of  the  exponential  integral,  \  i/.  Fi  1,  Mi  2.  LV.C.). 

Tt  maybe  added  that  the  number  of  primes  between  1 ,000,P()0  and  2,000,000 
wns  computed  by  Tlnrg reave  and  found  to  be  70.  !•>(),  Asliich  dillers  l»y  only  a  unit 
from  the  value  m  1his  paper  (which  \aluo,  as  liefore  remaiked,  could  very  well 
have  been  inaccurate  by  even  more  than  Diis  amount)  ;  and  this  completely  Aerifies 
the  accuracy  of  the-  numbers  in  the  ILr'— li  .r  column  of  the  liiM-  Table  between 
two  and  three  millions.  1  Iar» reave  (Philosophical  Maga/iue,  August  1^51 )  found 
tho  number  of  "  Piimes  counted"  up  to  one  million  and  between  two  and  three 
millions  to  be  78,4!KJ  and  (57,7ol  respectively;  while  the  formula  ga\e  7«St>20  and 
G7,01<>,  the  discrepancies  b(Jing  much  greater  than  that  which  is  here  found  for  the 
second  million,  where  the  difference  was  only  i).  The  numbers  1  Inne  found  for 
the  "Primes  counted"  difier  from  IInrgroa\o's;  but  as  thev  ha\e  a*  yet  been 
counted  but  once,  no  great  reliance  can  be  placed  on  them.  The  formula  values  i 
have  not  yet  calculated. 

On  a  Verijiculion  of  the  Probability  Function. 
By  J.  E.  HiT/sAiip,  U.  ti.  Coast  Survey. 
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On  Tridiamctral  Quartan  Curves.     By  F.  W. 

PROBLEM.  To  find  the  conditions  that  a  Quartan  may  have  3  Diameter?. 
That  it  may  have  one,  the  equation  must  admit  the  form 


where  Xn  means  a  function  of  ,r  of  the  wtli  degree. 
Let  r*  =  .rr--f*y2;  then  we  may  write 


This  form  will  not  be  changed  if  we  change  f  h<>  origin  to  any  point  in  the  axis 
ofy;  hence,  if  there  be  a  second  diameter,  we  may  may  suppose  it  to  pass  through 
the  origin,  which  we  treat  as  a  Pole,  making  .r  =  rcos\i/-,  y  =  r  sin  ^, 
Then  wl+(Aracos2  ^-f-13r  cos  ^-fO)/-'  = 

A'?*1  cos1\J^-f  ^%1  cos1  \Jf-f-  ?/?;'-  cos'2  ^  -}-/<;•  cos  ^-f-p  —  fy 
which  by  the  routine  of  trigonometry  is  expressible*  as 

{rt_;;fc+i(A-7,;)  cosS^-^A-  cos  4^  j  /-l 
4.  ^  (  H  -  J/)  cos  ^  -  .[  /  cos  .'ty  j.  >-3 
+  {'((*<  —  -}m)  —  -j^m  cos  !2\^  j-  ?'-  =  »;•  cos  ^-+-p> 

This  is  the  equation  of  every  Quartan  which  has  so  much  as  one  diameter. 
In  order  that  the  line  expressed  by  ^=y  may  be  anew  diameter,  it  is  necessary  and  it 
suffices  that  the  same  equation  should  result  by  substituting  \J^  =  y  4-  «,  and  \//>  =  y—  o>, 
where  y  is  a  dofim'ti'  constant,  r,  o>  the  variables  of  the  equation.     Put  ^  —  y4;a>  ;  tlien 
in  order  that  +  may  gi\e  the  same  result,  the  terms  concerned  must  vanish  in  the 
coefficients  of  >'1,  ?''.  r2,  r  separately.        Ft  must  be  observed  that  the  assumption 
y  =  0  or  y=  180°  is  useless;  and  y==00°  leads  us  to  two  rectangular  diameters^  not 
to  three.     Jlenco  we  must  avctid  to  suppose  sin  y  —  0  or  sin  2y  =0. 
Now  (1)      nr  sin  y  .  sin  a>=(),  /.  ??=()  ; 

(2)    »/i  sin^y  sin  2w  =  0,  .'.  w?  =  0; 
(8)     in  tlie  coefficient  of  ;•',  w(^  uoed  at  once 
(  B  —  J-/  )  sin  y  sin  a)  =  0  ;   J  /  si  n  •  *y  .  sin  .'  Jco  =  0. 

It  is  useless  to  suppose  1=0,  B=0  ;  for  this,  joined  with  w  =  0,  »  =  0,  reduces  the 
equation  to  the  Doubly  Diametral.  Hence  our  only  useful  results  are 

sm8y=0,  ?>=-?/;  which  leave  B  and/  finite. 
(4)  (A  —  K)  sin  2y  .  sin  2w  =  0,  k  sin  4y  sin  4co=0. 

We  cannot  make  sin  4y=0,  since  we  already  requSS  sin3y  =  0,     TIence  nothing 
remains  but  /-=0,  A=0. 
Thus  the  original  equation  is  reduced  to 

w^+CBj  +  C^ss-JB^+jo;      ........     (h) 

and  from  sin  .°>yr=0  we  get  tiro  new  diameters,  defined  by  y=00°  and  y  =  180°, 
Thus  the  problem  is  solved. 

Originally,  the  assumption  <7=0  would  have  left  our  monodinmetral  curve  still 
a  Quartan.  But  after  supposing  A  =0  and  £=0,  we  cannot  make  ft  also  =  0  without 
reducing  the  equation  to  a  Tertian.  In  fact  it  is  easy  to  show  that  the  conditions 
here  investigated  yield  the  known  Tertian  Trijitga  when  wo  add  the  assumption  a  —  0. 

Writing  ,t'=r  cos  >//•,  4,r't  =  r'1(cus  o\^  +  3  cos  >^),  we  find 

tfH  +  GV^BHcosS^-f^,     .......     (») 

which  is  the  most  general  Polar  Equation  of  Tridiametral  Quartans. 
Again,  solving  ^)  for  r2,  and  making  n=l,  since  a  must  be  finite, 


Thus  the  general  equation  to  rect.  coords,  has  the  form 

^+a.2+B'jr+0'=:V{SB 
which  has  3  Parameters. 
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If,  however,  C'=0  and  E=0,  the  Polar  equation  becomes  simply  r=f  B'  cos  3^, 
which  is  a  Starry  Trijuga,  admitting  r=0. 
In  general,  tho  equation  to  reck  coords,  falls  under  the  class 


which  is  tho  highest  form  of  those  which  I  call  Quartoto*tian. 
The  Polar  equation  may  be  presented  in  tho  form  cos  3^=  . 

Tlie  curve  is  evidently  in  every  case  finite,  and  the  species  must  apparently  change 
according  as  the  equation  admits  the  forms  ar*  cos  'ty=(r2—  />=)(rtt—  r^),  ffr'cosS^sa 
(r*+b2)(r2—c*),  flr3cos:3^==(r2+&a)(/'~+c~),  or  finally  <«•'  cos  3^=(r8  + 

Evidently  -^  =0,  when  sin  .°»^=0. 

If  ^=120°+0»  cos  .'ty=cos  30.     Tlencc  tho  figure  is 


On  Quartan  Curves  with  3  or  4  Diameters*     />//  F.  AY.  XKWM  VN. 

This  Memoir  proposes  and  solves  tho  Problem4*,  in  what  caso  Curve.*  of  the  Fourth 
Degree  have  3  or  4  diameters. 

It  briefly  analyzes  the  forms  of  the  Tridiametral  Curves,  under  the  heads  which 
rise  out  of  the  general  equation 


1.  when  ll=>il,  or  2 

2.  when  U  =  rf—  /3V2,  or  2w  cos  'i^rss/-1—  /3-  j 
J5.  when  l»  =  rl/3V; 

4.  whl'll  1^  =  ?'*—  yl  ' 

5.  when  llssr'+yS  and  goncrallv  wh»in  11  is  essentially 

G.  when  R  =(/•-  —  /3-)(/"i  —  y-),  which  has  15  ronwrkiiblo  toiins; 

7.  when  R=  (;rJ+/3*)(/iU—  y2),  which  has  2  forms,  according  u*  /3-  is>yj  or 


On  Monotltametral  Quartan  Curves.     By  F.  AY. 

This  Memoir  is  a  continuation  of  the  paper  laid  before  the  Association  last  year 
on  Doubly  Diametral  Quartan  Curves,  and  follows  upon  a  notice  now  presented  on 
Triiliametrals  and  Quadridmmctrals  of  the  same  degree. 

Employing  XH  to  mean  an  integer  fiiiu-tion  of  j,  of  degree  ?/,  it  is  proposed  to 
digest  all  tho  Monodiametwl  curves  into  the  Groups,  twenty-ono  Classes,  as 
follows: —  * 

T    1   1.  yl+2A?/-=X1,  or  x  an  integer  function  of  ?/-'  [Quartic  Parabolas],     ) 
I   2.  }/lH-Xl?/J=Xl,  or  a;  rational  in  y*  (Conic  Parabola  for  asymptotes),  f 
••*•  ^aJ/^X, 1     (Horizontal  and  Vertical  asymptotes). 


II. 


5.  ,y"=X4  (two   equal  and  opposite  Conic   Parabolas  for 

asymptotesj. 
0.  a*//2=Xt;  or,  the  Semi  cubical  ;  with  Tertian  asymptote. 


In  these,  if 
is  rational 
in  x. 


1.  X^/2=X3  (Conic  Parabola  for  asymptote). 

8,  X,,y2  =  X<l;  Quartohypcrbolic.  j 

0.  y2=  V^-i  5  Quartotertian  of  1st  Branch. 

10.  ty-+Aa=\/X{;  (Quartotertian  of  2nd  Branch, 

j  11.  ?/2+Xl=\/Xl  (Epiparabolic  asymptote). 

'  \  12.  7/24-Xj  =  VX2  (Unequal  Conic  Parabolas  for  asymptotes).    [//2=> 
I  is  omitted  as  Doubly  Diametral.] 

1 13.  T/'-H-X^  V^i?  Qunrtotortian  of  3rd  Branch  (lijj/piirabolic  asymptote). 

( 14.  7/2-J-X2=VXl  (Jtyi hyperbolic  asymptote). 

I  15.  y'24-X2  =  yX2  (admits  two  asymptotic  hyperbolas,  with  their  recti- 
.  ^  linear  asymptotes  parallel,  set  to  set). 

I  10.  y3-f  X3=:  VX3  5  Quartotertian  of  4th  Branch.     (Tridiametrah  must  be 
|  excluded.)     Epihvpcrbolic  asymptotes. 
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f  17.  y2=  V^i  (Quortohyperbolic  Group). 

18.  y*±A.*=  VX4. 

I  19.  t/'+X^  yX,  (on!?  Hyperbolic  asymptote  at  moat). 
Y.-^  20.  yt-fX,y-=XJ  or  X2  or  XL  (perhaps  one  Parabolic  and  one  Hyperbolic 

asymptote). 

I  21.  yl+XJya=X1  or  ^2+X2=VX/4* (perhaps  two  Hyperbolic  asymptotes, 
L  all  differently  "directed). 

The  mode  of  analysis  used  in  tho  most  difficult  cases  is  as  follows  :— 

It  is  assumed  that  if  $  (r  x)  =  0,  and/  (w  a.')  =  0  are  known  curves,  and  //'-  =  r  -f  wa, 
y"-J=H— w3,  the  curve  F  (>/,  #)=0  can  thence  bo  traced,  y"2  and  y/f-  boiiig-  the  two 
positive  roots  of  ?/a,  when  such  are  real.  Practically  it  is  not  difficult  to  decide  on 
the  course  of  (y/o;),  if  the  constants  which  enter  the  two  auxiliaries  are  fixed  :  but 
the  number  of  hypotheses  concerning  the  relations  nf  the  constants  in  c/>  to  the 
constants  in /are  embarrassing. 

Thus,  to  trace  (//,  .r)  from  the  equation  if+X.=  ±j)/X{,  which  is  the  Inrjrest 
case,  we  put  X  =— ?/,'•»,  or  else  X,=  4-//(l2,  according  to  the  si^n  \\hich  X,  may 
assume  within  difierent  limits,  and  Y-=y'Xr  Then  either  ;/-=Y-i- -//,,-,  giving 
at  most  only  one  positive  value,  to //;  or  yj=//f-f  V-;  "iving-'in  souio 'ca^es  two 
positive  values  to  ?/-. 

This  assumes  that  we  know  not  only//,  and  ?/n,  which  define  Conic  curves,  but 
also  YJ=  \/Xr  If  XL  degenerate,  Y2=yX,  is  a  Quartic  Parabola.  Y-=  VX,  is 
a  Doubly  Diametral  Quartan,  which  is  here1  assumed  to  be  known  ;  Y-=  \/X,  is 
the  primnry  Qnartotertian  ( (.Hh  Class  of  (Quartans) ;  Y-  =  \/X  t  is  tlie  primary  Quarto- 
hyperbolic  of  tlie  17th  class.  Thus  the  Oth  cla^s  becomes  auxiliary  to  tho  10th, 
18th,  and  Kith;  and  the  17th  is  auxiliary  to  all  which  follow  it.  'Tho  1st  class 
(Quartic  Parabola)  is  auxiliary  to  the  11th  and  Uth. 

It^is  believed  that  in  the  8th  class  alone  there  are  in  strictness  as  many  as  2(i() 
species.  This  makes  it  impossible  to  undertake  to  draw  thorn  all,  which  multiply 
more  and  more  in  the  higher  classes,  us  the  number  of  constants  increase.  Never- 
theless many  diagrams  are  laid  before  the  Association,  nearly  exhausliujr  the  forms 
of  the  earlier  classes.  The  Semicubical  and  the  Qmirtotertian  are  notable  as  pecu- 
liarly novel  and  most  remote  from  the  Doubly  Diametral. 

Many  of  the  forms  might  be  conjectured  beforehand  from  the  Doubly  Diametral 
by  merely  introducing  inequality,  us  in  place  of  two  equal,  two  unequal  ovals. 
Nevertheless  there  is  much  that  could  ne\  er  be  so  conjectured,  just  as  in  tho  Doubly 
Diametral  we  could  not  conjecture  the  forms  of  the 'inferior  classes  from  knowing 
the  superior  forms.  

On  the,  Circulur  TwutforMfttwn  of  Moling. 
Jtif  Prof.  JI.  J.  SrKriiKX  SMITTT,  F.ll.X. 


GEMEEAL  PHYSIOS. 
On  Symjiftthy  of  Pendulums.     By  Professor  P.  G.  TAIT,  F.R.ti.E. 


On  Relations  letween  Ute  6fc/.vojw,  the  Liquid,  and  the  Solid  States  of  Matter. 
By  Prof.  JAMBS  THOMSON,  LL.D.,  Queen's  College,  Belfast. 

The  object  of  this  paper  is  to  submit  some  new  theoretical  considerations  which 
constitute  a  further  development  of  one  portion  of  the  views  offered,  at  last  year's 
Meeting  of  the  Association,  by  the  author,  in  his  paper  entitled  "  Speculations  on 
the  Continuity  of  the  Fluid  State  of  Matter,  and  on  Relations  between  the  Gaseous, 
the  Liquid,  aiid  the  Solid  States."  He  has  now  to  make  reference  to  the  abstract 
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of  that  paper  printed  in  the  '  Transactions '  for  la«t  year  at  page  30 ;  and,  in 
particular,  to  the  diagram  of  three  curves  shown  sketched  in  lig.  1  of  that 
abstract. 

In  respect  to  these  curves  several  ess<  ntial  features  had  been,  at  the  time  of  la*t 
year's  Meeting,  clearly  discerned,  and  were  pointed  out  and  reasoned  on  by  the  author 
in  liia  paper  then  read.  Ilia  attempt  to  sketch  out  the  curves,  however,  in  such 
away  as  that  they  should  bo  in  agreement  with  the  known  conditions  then  taken 
into  consideration,  soon  forced  on  his  attention  the  question  wheMier  the  two 
curves,  one  of  which  is  that  between  gas  and  liquid,  and  the  other  is  that  between 
gas  and  solid,  ought  to  be  drawn  crossing  as  represented  here  in  Jig.  1  a,  or  as  in 
tig.  1  b  j  and  his  object  at  present  is  to  give  a  demonstration,  subsequently  devc- 


Fig.  1  a. 


Fig.H. 


loped,  shoeing  that  the\  must  cross  as  in  fig.  J  </;  or,  in  other  word;,  as  in  the 
diagram  which  he  ga\e  in  the  abstract  of  hi.s  last  year's  paper. 

It  is  to  be  understood  that  A  X  and  A  V  are  the  a  Yes  of  coordinates  for  pressures 
and  tempera  hires  respecthely  :  A,  the  origin,  being  taken  as  the  zero  fur  pressures, 
and  as  the  /.en >  for  temperatures  on  the  Centigrade  wale;  and,  for  simplicity  in 
expression  and  in  thought,  the  diagram  may  be  taken  as  relating  to  the  particular 
substance  of  water,  steam,  and  ice,  rather  than  to  substances  in  general.  The 
curve  E  T  P  is  the  bollin(/'fi»ey  or  the  lino  which  has  its  successive  points  such  that 
fur  any  one  of  them  the  two  coordinates  represent  a  pressure  and  temperature, 
for  a  boiling-point,  or  a  pressure  and  temperature  which  the  water  and  steam  can 
have  when  in  mutual  contact.  It  may  also  be  called,  for  brevity,  the  steam- 
icith-icater  Unc.  In  liko  manner  the  curve  X  T  ()  is  the  btfam-with-icc  lint' ;  and 
the  curve  M.TR  is  the  irater-irith-icp  It  HP.  The  full  meaning  of  these  diagrams 
may  become,  more  distinctly  intelligible  to  the  render  if  lie  will  nd\ert  to  the  ex- 
planations given  in  the  paper  already  referred  to  in  last,  year's  'Transactions,'  as  to 
lig.  1  in  that  paper, — explanations  which,  though  now  useful,  need  not  be  wholly 
repeated  here,  as  the  present  paper  is  meant  to  be  read  in  connexion  with  that 
previous  one. 

If  wo  now  look  to  iig.  1  tt  and  suppose  that  we  ha'vo  vvater  and  si  earn  in  mutual 
contact,  the  pressure  and  temperature  must  be  represented  by  the  coordinates  of 
some  point  of  the  steam-with-water  curve  LTP.  Let  us  now  suppose  that  \\  e 
lower  the  temperature  gradually  while,  keeping  water  and  steam  in  mutual  contact : 
the  point  whose  coordinates  show  the  successively  coexistent  temperatures  and 
pressures  will  pass  downwards  along  the  steam- with-water  curve  L  T 1*.  Let  us 
suppose  this  operation  continued  so  far  us  to  bring  this  point  into  that  part  of  the 
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curve  wliicli  belongs  to  temperatures  below  thai  of  the  triple  point  T*.  This  sup- 
posed extension  of  the  steam- with-water  curve  into  temperatures  below  that  of  the 
triple  point,  where  freezing'  would  certainly  set  in  if  any  ice  were  present,  is  to  be 
conceived  of  as  a  curve  corresponding'  to  states  of  equilibrium  between  the  steam 
and  water.  It  is  well  known  that  water  can,  in  various  circumstances,  be  reduced 
in  temperature  below  its  freezing-point  without  its  freezing  ;  and  this  the  author 
attributes  to  a  difficulty  of  making  a  beginning  of  change  of  state  f.  _  It  is  also 
known  that  the  presence  of  a  gaseous  atmosphere,  of  common  air  with  aqueous 
vapour  in  contact  with  water,  does  not  necessarily  introduce  any  condition  which 
will  give  liberty  to  the  water-substance  to  make  a  beginning  of  change  of  state^ 
into  ice,  either  from  the  liquid  or  the  gaseous  part,  or  from  both  at  their  face  of 
contact.  Thus  there  can  scarcely  be  a  doubt  but  that  the  steani-with-water  curve, 
L  T,  has  a  practically  attainable  "extension  past  T  ;  and  valid  reasoning,  the  author 
thinks,  may  certainly  be  founded  on  the  supposition  of  this  curve  as  0110  of  equili- 
brium between  steam  and  water, 

whether  or  not,  in  various  modes  Hg.  '2. 

of  experimenting,  it  might  be 
easy  or  difficult  or  unmanage- 
able to  practically  exclude  all 
conditions  which  would  give 
liberty  to  make  a  beginning  of 
the  formation  of  ice.  We  may 
then  see  that,  supposing  steam 
and  water  to  be  present  together 
in  a  condition  of  temperature 
and  pressure  represented  by  any 
point  such  as  0  in  fig,  la,  there 
is  perfect  freedom  for  the  transi- 
tion either  way  between  water 
and  steam.  That  is  to  say, 
while  the  water  and  steam  are 
maintained  at  the  temperature 
and  pressure  of  the  point  (1,  the 
water  is  perfectly  free  to  change 
to  steam,  and  the  steam  is  per- 
fectly free  to  change  to  water. 
Let, "for  brevity,  the  temperature 
and  pressure  of  the  point  (J  be 
denoted  by  ^  and^  respectively. 

Now,  to  aid  our  conception  in 
a  process  of  theoretical  reason- 
in"-,  let  us  imagine  an  apparatus 
possessing  certain  qualities  in 
theoretic  perfection;  thus  :— 
(see  fig.  2). 

Let  there  be  a  cylinder,  stand- 
ing upright,  closed^  at  bottom, 
open  at  top,  and  with  a  piston 
which  works  without  leakage 
and  without  friction. 

Let  the  weight  of  the  piston, 
together  with  the   atmospheric 
load  on  it,  be  balanced  by  a  counterpoise  T5 ;  or  else  let  the  whole  apparatus  be 
conceived  to  be  enclosed  in  a  large  external  \cssel  from  which  the  air  has  been 

*  The  meaning  of  the  "Triple  Point"  is  explained  in  the  paper  already  referred  to  in 
last  years  Transactions,  page  32. 

t  Tn  papers  by  the  author  (Proceedings  of  Koyal  Society,  Nov.  24, 1859,  page  158 ;  and 
British  Association  Report,  Transactions  of  Sections,  1859,  page  25),  the  principle  of 
attributing  such  phenomena  to  a  difficulty  of  malting  a  beginning  of  change  of  state  was, 
go  far  as  he  is  awaro,  first  announced. 
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extracted,  and  then  the  counterpoise  B  must  iu&t  balance  the  weight  of  the  piston. 
Let  weights  A,  A  bo  laid  on  the  piston,  which  will  give  exactly  the  pressure  y>1 
to  the  fluid  enclosed  in  the  cavity  of  the  cylinder;  and  let  this  enclosed  ilnid  lie 
supposed  to  bo  water- substance  taken  at  iirst  in  the  state  of  strain  with  water,  as 
shown  in  the  figure,  where  S  is  steam  and  W  is  water. 

Let  the  entire  cylinder  and  its  contents  be  maintained  at  the  temperature  ^  (a 
temperature  below  that  of  the  triple  point)  by  immersion  iu  a  bath  at  that  tempe- 
rature, tlt  us  shown  in  the  figure. 

Now  apply  an  infinitely  small  extra  weight  on  the  piston,  so  that  the  internal 
pressure  becomes  />,  +  £,  where  5  Ls  infinitely  small.  This  causes  the  steam  to  go 
perfectly  gently  down  to  water. 

Now  insert  a  particle  of  ice.  Brisk  action  or  agitation  instantly  sets  in. 
Thus : — 

(1)  Tho  water  with  ice  cannot  repose  without  both  coming  to  the  temperature 
which,  for  the  pressure  ^  +  8,  or  we  may  here  as  well  say  for  the  pressure  p.9 
belongs  to  water  with  ice;  that  is  to  say,  in  reference  to  fig,  I  </,  the  water  with 
ice  cannot  repose  without  both  coming  to  the  temperature  of  the  point  U  on  the 
water- wilh-ice  line  in  that  figure. 

('2)  The  water  at  this  raised  temperature,  or  at  any  of  the  intermediate  tempe- 
ratures between  this  and  the  temperature  f}  of  the  surrounding  bath,  is  in  a  stale 
tending  to  ebullition  into  steam,  a  state  in  which  bailing  will  ensue  if  a  beginning 
be  made  at  all,  or  if  due  facility  to  begin  be  afforded  in  any  "way. 

(iJ)  Conduction  of  heat,  or  conduction  wifli  convection,  is  briskly  going  on,  con- 
veying heat  out  to  the  bath,  since  the  temperature  inside  is  at  some  parts  warmer 
than  the,  bath,  and  is  nowhere  cooler. 

Now,  either  ebullition  ensues,  or  it  does  not. 
First.  Suppose  it  not  to  take  place : — • 

Parts  of  the  water  are  warmed  by  the  freezing-process  They  briskly  transmit 
heat  out  to  the  bath,  the  freezing  goes  briskly  on,  and  the  same  process  of  trans- 
mission of  heat  from  a  higher  to  a  lower  temperature  goes  briskly  forward.  This 
continues  till  all  the  enclosed  fluid  lias  become  ire. 

Now  it  is  obvious  that  if  there  is  a  bri.sk  action,  with  rapid  conduction  of  heal, 
when  steam,  or  water-substance  partly  steam  and  partly  water,  is  allowed  to  pass 
into  the  state  of  ice  while  the  pressure  is^>,+6  and  the  surrounding  temperature  is 
t^  there  could  bo  no  return  or  reversal  to  the  old  condition  of  steam,  or  of  steam 
with  water,  caused  or  allowed  by  merely  an  infinitely  small  abatement  of  pressure 
from/Jj-f-S  to  pr  To  cause  the  ice  to  evaporate,  or  to  get  it  to  remain  in  equili- 
brium with  bteum,  which  we  know  experimentally  it  can  do  at  a  low  enough  pres- 
sure, a  finite  (not  infinitely  small)  abatement  of  pressure  is  necessnry. 

Thus  has  been  proved  wlmt  was  wanted,  pi\nided  we  be  right  in  supposing 
ebullition  not  to  take  place. 
But  now : — 

Second.  Suppose  ebullition  to  ensue  on  the  introduction  of  the  ice — a  com- 
plicated interaction  of  A\ater,  steam,  and  ice,  involving  brisk  agitation,  must 
set  in.  At  any  face  of  contact  of  water  and  ice,  the  temperature  must  be  that 
of  the  point  U  in  fig.  1  a  j  at  any  fare  of  contact  of  steam  and  ice  the  tempe- 
rature must  become  that  which  belongs  to  the  pressure  pl  on  the  steain-with-ice 
line,  and  which  is  shown  at  the  point  W  in  fig.  1  a  on  the  supposition  of  the 
curves  crossing  ns  represented  in  that  figure  ;  and  at  any  face  of  contact  of  steam 
with  water  the  temperature  must  be  that  of  the  point  C.  As  yet  we  need  not 
assume  that  we  know  whether  the  point  W  for  pressure  p^  on  the.  steam-wit h-ire 
lino  is  at  a  higher  temperature  than  that  of  (<,  as  is  represented  in  lig.  ]  <t,  or  at 
a  lower  temperature  than  that  of  ( •,  as  it  would  be  if  the  curves  crossed  as  in  fig-. 
1  &;  but  clearly  we  know  that  the  temperature  of  U  is  higher  than  that  of  (.-, 
which  is  the  same  as  that  of  the  bath ;  and  we  can  also  see  that  any  steam  in  con- 
tact with  water  and  surrounded  with  the  bath  at  temperature  ^  while  the  pressure 
is^  will  bo  ready  to  condense  to  water,  or  will  actually  so  condense  if  the  pres- 
sure be  increased  by  the  infinitely  small  augmentation  8,  just  as  did  the  steam 
originally  supposed  to  occupy  part  of  the  cavity.  Thus  we  must  have  an  action 
going  briskly  on,  involving  rapid  conduction  "of  heat,  an  action  involving  the 
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continual  conversion  of  water-substance  from  the  fluid  state  (g-aseous  or  liquid)  to 
ice,  and  "which  goes  on  till  no  steam,  remains  to  condense  to  water  at  a  face  of  con- 
tact with  water,  and  till  no  water  remains  to  be  fro/on  at  a  face  of  contact  with 
ice.  As  this  process  goes  on  with  briskness  or  agitation,  involving  rapid  conduc- 
tion of  heat,  we  can  see  that,  as  in  tho  previously  supposed  case,  the  process  is 
irreversible  by  an  infinitely  small  abatement  of  pressure ;  and  we  can  see  that  to 
get  steam  to  remain  in  repose  in  contact  with  ice  at  the  temperature  tl  of  tho  sur- 
rounding bath,  we  mint  have  tho  pressure  abated  by  a  finite  amount,  so  as  to  be 
decidedly  less  than  the  pressure  p}  bclon^in^  to  steam  with  water  at  the  fixed 
temperature  of  the  bath :  that  is  to  say,  for  a  temperature  below  the  triple 
point  the  pressure  of  steam  with  ice  is  less 'than  the  pressure  of  steam  with  water. 

Hence,  referring'  to  fig.  1  <Y,  we  see  that  in  the  steam -with-ice  curve  the  point 
1),  having  the  same  temperature  /L  as  the  point  C  of  the  steam-with-wator  curve 
has,  must,  while  situated  in  the  isothermal  line  1J1)  passing  through  0,  be  away 
from  C  at  the  side  where  the  pressure  is  less  than  at  (J  ;  or  it  must  lie  between  0 
and  the  coordinate  axis  Y  A  produced  pa4  A. 

This  nmy  be  regarded  as  very  nearly  establishing-  that  the  curves  cross  one 
another,  as  drawn  in  fig.  1  a.  It  shows  that  they  do  not,  as  in  fig.  1  &.  lrp  to 
the  present  stage,  however,  the  reasoning  does  not  exclude  the  suppositions : — 
1st,  that  the  curves  might  meet  tangentially  in  the  triple  point  T,  and  pass  on 
without  crossing;  2nd,  that  they  mi^ht  cross  in  the  triple  point,  meeting  each 
other  then4  tanpcntially;  ttrd,  that  the  steam-with-ice  line  might  absolutely  stop 
short  in  tho  triple  point. 

The  first  and  second  of  these  remaining  suppositions,  depending,  as  they  do,  on 
supposed  tangential  meeting  instead  of  meeting  or  crossing  angularly,  tlie  author 
thinks  very  unlikely.  One  reason  is  that  the  condensed  water-substance  in  contact 
with  the  steam  makes  a  perfectly  midden  change  in  its  character  in  changing  from 
water  to  ice  or  from  ice  to  water;  and  lie  therefore  thinks  that  in  the  curve  which 
represents  steam  with  water  above  the  triple  point,  and  steam  with  ice  below  it, 
we  should  expect  to  find  a  sudden  change  of  direction  at  the  point  where  this  great 
physical  change  suddenly  takes  place. 

Another  reason  against  the  first  of  these  suppositions  will  be  given  in  what 
follows  almost  immediately,  by  a  proof  that  after  meeting  in  the  triple  point  in  rising 
from  lower  temperatures,  they  cannot  go  on  further  without  crossing.  The  third 
supposition,  namely,  lhat  the  stcam-with-ice  line  might  stop  short  in  the  triple 
point,  the  author  thinks  very  unlikely  to  be  the  truth  ;  but  he  is  not  aware  of  any 
experimental  proof  to  oiler  against  it. 

Now,  that  the  curves,  after  meeting  in  the  triple  point  in  using  from  lower  tem- 
perature51, cannot  go  on  further  without  crossing,  will  bo  proved  if  it  be  shown  that 
on  the  supposition  of  the  hteam-with-ii-e  eune  not  stopping  short  on  rising  to  tho 
triple  point,  it  must,  on  pacing  that  point,  1m  e  its  course  on  the  side  of  the 
Hteam-with-water  curve  remote  from  the  coordinate  axis  Y  A;  or,  in  other  words, 
if  it  bo  shotMi  that,  for  any  temperature  t,  above  the  triple  point,  the  pressure  of 
&tcnm  with  water  is  less  thun  the  pm^ure  of  steam  with  ice, 

This  can  easily  he  done  by  a  demonstration  quite  like  the,  one  already  given  for 
a  temperature  below  that  of  the  triple  point;  and  a  brief  sketch  of  it  will  here 
suffice. 

Let  us  imagine  that  we  have  a  cavity  of  variable  dimensions,  such  as  a  cylinder 
with  a  pistou  which  can  be  loaded  so  as  to  apply  any  desired  pressure  to  fluid  sub- 
stance enclosed  wiihin.  Let  this  vessel  contain  steam  with  iee  at  a  temperature 
/_,,  which  is  above  that  of  the  triple  point;  and  let  the  cylinder  be  immersed  in  a 
bath  maintained  constantly  at  the  temperature  t^  Let  the  pressure  of  the  steam 
with  i<:o  for  this  temperature  bo  called  ;;,. 

Now  increase,  the  pressure  by  an  infinitely  t-inall  amount  5,  making  it  j>2-hd 
While  this  is  kept  applied  to  the  strain,  the  f  team  is  by  it  kept  going  down  to  the 
state  of  ice  ;  and  thus  we  can  conceive  of  the  whole  or  any  desired  part  being  con- 
verted quite  gently  to  ice*.  Next,  while  maintaining  the  presMire  p2  or  p2+$  in 

*  The  fact  tliul.  the  ice  being  rigid  would  oppose  a  mechanical  obstruction  to  the  com- 
plete preying  of  tho  steam  down  to  ice  by  a  piston,  irmy  be  noticed  in  pausing,  but  i 
not  introduce  any  theoretical  difficulty  into  the  rcawning. 
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he  steam,  if  any  remains,  or  in  the  water  next  to  be  introduced,  introduce  a  par- 
ticle of  water,  Instantly  the  ice  begins  to  melt,  and  falls  in  temperature,  at  th« 
place  of  contact  with  water,  to  the  temperature  of  water  with  ice  for  the  applied 
pressure  p^  or  p2+ 8  j  that  is,  to  the  {>oint  V  in  the  figure.  But  the  surrounding  bath 
is  warmer  than  this,  and  so  a  decided  difference  of  temperature  is  maintained, 
involving  a  rapid  conduction  of  heat  from  the  warmer  bath  to  the  colder  melting 
ice  and  the  cold  water  in  contiguity  to  that  ice.  There  can  be  no  repose  till  all 
the  water-substance  originally  enclosed  as  steam  with  ice  has  become  water,-  be- 
cause, while  the  steam  can  pass  gently  to  ice  under  the  pressure  p»  on  the  sup- 
position that  some  particle  of  ice  is  kept  present,  and  will  be  forcecl  down  by  the 
infinitely  small  excess  of  pressure  8,  the  ice  must  briskly  rush  to  the  state  of  water. 
But  we  know  we  can  have  steam  present  in  repose  with  water  at  the  maintained 
temperature  t.2  if  we  make  the  pressure  small  enough.  An  infinitely  small  abate- 
ment of  pressure  will  not  counteract  or  reverse  the  change  which  has  been  briskly 
taking  place ;  and  so  the  pressure  must  be  made  decidedly  lower  than  either  ^+S 
or  p2  to  allow  of  the  water  resting  in  equilibrium  in  contact  with  steam  at  the 
temperature  f2, 

That  is  to  say,  referring  to  fig,  1  a}  on  any  isothermal  line,  such  as  F  G,  the 
point  II,  where  it  is  cut  by  the  steam-with-water  line,  must  be  nearer  to  the  axis 
Y  A  than  is  the  point  Cr,  where  it  is  cut  by  the  steain-with-ice  line. 

This,  then,  closes  the  course  ot  reasoning  entered  on  hitherto  in  these  pages,  and 
establishes  (the  author  thinks  with  very  little  if  any  room  left  for  doubt)  that  the  two 
curves  do  not  cross  as  in  fig.  1  /; ;  and  that  in  meeting  al  the  triple  point,  they  do 
not  meet  and  pass  tangentialiy  without  crossing,  but  that  they  must  cross  as  in 

fi« '  l  a' 

The  conclusion  here  arrived  at  the  author  thinks  may  admit  of  experimental 

verification;  and  lie  thinks  it  opens  a  desirable  field  for  further  and  more  perfect 
experimental  researches  than  have  hitherto  boon  made  on  the  coexisting  pressures 
and  temperatures  of  steam  and  other  gaseous  substances,  each  in  contact  with  its 
own  substance,  either  in  the  liquid  or  in  the  solid  state,  at  temperatures  ranging 
above  and  below  the  triple  point  for  each  substance.  Without  its  being  necessary 
to  make  experiments  on  substances  in  the  conditions  represented  by  the  dotted  ex- 
tensions of  the  curves  past  the  triple  point,  he  thinks  that  very  accurate  experi- 
ments might  show,  for  steam,  an  obtuse  re-entrant  angle  or  corner  at  T,  in  the  line 
LTN,  which  appears  not  to  bo  one  curve,  but  two  distinct  curves  meeting  in  T, 
and  crossing  each  other  at  that  point. 

Through  an  examination  which  the  author  has  made  of  JLhe  experimentally 
derived  curve  given  by  Regnault  *  for  what  is  shown  as  L  T  X  here  in  fig.  1  a,  he 
finds  that  the  curve  seems  to  show  a  slightly  perceptible  feature  of  the,  kind  hero 
anticipated — a  slight  re-entrant  angle,  or  at  least  a  slightly  flattened  place,  or 
place  of  diminished  curvature  at  the  triple  point;  but  this  feature  does  not  appear 
sufficiently  marked  to  admit  of  its  being  relied  upon  as  a  decisive  experimental 
confirmation  of  the  theoretical  view  here  submitted. 

The  author  also  submitted  to  the  JMeeting  the  following  additional  considera- 
tions on  the  subject. 

It  can  easily  be  shown  that  the  perpetual  motion  would  be  theoretically  attainable 
unless  (1)  the  pressure  of  steam  with  ice  for  a  temperature  £,,  which  is  below  the 
triple  point,  were  less  than  the  pressure  of  steam  with  water  for  the  same  tempe- 
rature £L ;  and  also  (2)  unless  the  pressure  of  steam  with  water  for  a  temperature 
t..j  taken  above  the  triple  point,  were  less  than  the  pressure  of  steam  with  ice  for 
tne  same  temperature  tr 

To  prove  the  first  of  these,  we  have  to  observe  that  at  flt  which  is  below  the 
triple  point,  in  pressing  steam  down  into  water,  we  give  mechanical  work  to  the 
substance  (call  this  a).  Then  when  we  insert  ice,  there  is  a  finite  difference  of 
temperatures,  with  conduction  of  heat  out  to  the  batli ;  now  by  making  this  heat 
pass,  not  by  conduction,  but  through  a  thormodynamic  engine  (an  air-engine  for 
instance),  we  can  obtain  work,  which  let  us  call  b.  During  this  freezing,  too,  we 
get  back  from  the  water-substance  a  little  work,  owing  to  the  expansion  of  the 
water  in  freezing  under  the  presure  pl  (call  this  c).  Next  allow  the  volume  to 
*  Memoires  de  1' Academic  des  Sciences,  1817,  plato  viii. 
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increase  while  arranging  that  the  ice  shall  he  evaporating  into  steam  under  the 
.temperature  of  the  bath  ^ ;  we  obtain  mechanical  work,  which  call  d. 

Now  if,  in  this  expanding  process  of  ice  to  steam,  the  pressure  were  as  great  as 
pv  which  was  the  pressure  during  the  compressing  to  water,  we  would  get  back  on 
the  whole  from  the  piston  all  the  work  we  gave  to  it ;  that  is,  the  two  portions 
c  and  d  of  work  got  back  would  together  bo  as  much  as  we  gave,  namely  a ;  and  we 
would  have  made  a  clear  gain  of  the  work  6  obtained  from,  tho  thermodynamic 
engine. 

A  like  proof  could  be  given  in  respect  to  the  second  case — that  in  which  the 
temperature  is  above  the  triple  point. 

A  slight  extension  of  this  reasoning  will  prove  that  the  curves,  in  crossing  at  the 
triple  point,  cannot  cross  tangontially. 

This  can  be  seen  obviously  from  the  consideration  that  the  work  obtainable  by 
the  thermodynamic  engine  is  proportional  to  the  difference  of  the  temperatures 
between  which  the  heat  is  transmitted ;  and  that  the  difference  between  the  work 
given  to  the  piston  of  the  cavity  in  compressing  steam  to  water,  and  that  obtained 
back  again  during  the  evaporation  of  the  ice  to  steam,  and  then  pressing  the  steam 
when  the  evaporation  is  complete  a  little  clown  till  it  attains  again  its  origina. 
pressure  and  volume,  will  bo  proportional,  very  approximately,  to  the  difference  of 
the  pressures  existing  during  the  compression  of  stoam  to  water,  and  the  expansion 
of  ice  to  steam,  which  latter  pressure  let  us  now  call^)/.  Also  let  us  call  the  tem- 
perature of  the  triple  point  tQ. 

Thus  it  is  obvious  that  we  must  have,  as  long  as  we  keep  very  near  the  triple 
point,  Pi~Pi<£  f0— *r 

And  this  shows  that  the  crossing  of  the  curves  must  be  angular,  not  tangential. 

The  author  further  suggested  that  the  reasoning  hero  adduced  may  be  followed 
up  by  a  quantitative  calculation  founded  on  experimental  data,  most  if  not  all  of 
which  are  already  available,  by  which  Ynleulation  the  difference  of  the  pressures  of 
steam  with  water  and  steam  with  ice  for  any  given  temperature  very  near  the 
triple  point  may  be  found  with  a  very  close  approximation  to  the  truth. 


ASTROKOMY, 

On  some  new  Points  in  tlie  Mounting  of  Astronomical  Telescopes* 
By  HOWAKD  Gmjjm,  C.E.,  F.R.A.S. 

The  very  great  inconvenience  attendant  upon  the  use  of  the  ordinary  position- 
circle  of  a  micrometer  divided  on  a  metallic  limb,  and  the  necessity  of  having  small 
lamps  hung  on  to  the  micrometer  for  producing  tliat  very  useful  character  of 
illumination  of  the  wires  known  as  the  "  dark  field,"  has  induced  the  author  to 
introduce  some  modifications  in  this  (to  the  observer  at  least)  very  important 
part  of  an  equatorial  instrument 

These  modifications  have  already  been  applied  with  success,  and  for  tho  first 
time  (as  far  ns  the  author  is  aware)  to  a  7-inch  refracting  telescope  now  in  course  of 
erection  at  the  Observatory  of  the  Koyal  Artillery  Institute,  Woolwich  j  and  the 
author  has  (in  consequence  of  this  success)  been  ordered  to  adapt  them  to  the 
Great  Equatoriala  now  in  course  of  construction  for  the  "Royal  Observatory,  Edin- 
burgh, and  the  Observatory  of  the  Lord  Lindsay,  Aberdeen*. 

Ihe  rack-and-pinion  tube  carrying  the  eyepiece  or  micrometer  revolves  freely 
in  the  casting  which  forms  the  lower  end  of  the  telescope-tube,  and  carries  a  brass 
plate  (all  cast  in  one  piece),  on  which  is  cemented  a  flat  ring  of  plate  glass,  muffed 
on  back  and  in  front  varnished  with  an  opaque  varnish,  Through  this  varnish  the 
divisions  are  cut,  eo  that  on  being  illuminated  from  behind  the  divisions  appear 
bright  upon  a  black  ground.  The  vernier  is  similarly  treated,  and  the  whole  of 
this  circle,  being  covered  with  a  cap,  with  a  glazed  window  only  sufficiently  large 
to  expose  the  vernier  and  about  16°  of  the  circle,  is  protected  from  possible  injury 

*  Xho  breech-piece  and  position-circle  of  the  Woolwich  Equatorial  was  here  produced. 
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and  is  read  most  conveniently  through  this  window,  being  illuminated  by  a  beam 
of  light  constantly  directed  upon  it  from  a  lamp  hanging  on  end  of  the  declination* 
axis,  as  will  bo  afterwards  explained. 

Between  tho  fixed  casting  which  forms  the  end  of  the  telescope-tube  and  that 
which  revolves  in  it  is  another  metallic  circle  cut  into  .000  teeth  on  edge,  and 
with  UO  holes  drilled  accurately^  face ;  into  the  teeth  on  edge  is  geared  a  screw 
which  is  mounted  on  fixed  casting,  one  revolution  of  which  is  of  course  equal 
to  an  angular  movement  of  1°. 

In  the  other  (outer)  movable  brass  circle  is  mounted  a  stool  pin  working  up 
and  down  in  a  small  cylinder ;  thin  pin,  being  pressed  down  by  a  small  spiral  spring, 


Line  of  rays  from 
objective. 


Fig.  1. 


For  position-circle. 

For  bright  field  illumination 
of  micrometer. 


Portion  of  limb  of  transparent 
position-circle. 


enters  into  one  or  other  of  the  00  holes  in  tho  intermediate  circle  and  thus  clamps 
the  whole  eye.  end  to  the  intermediate-  circle,  in  which  condition  a  slow  motion  is 
obtained  by' the  endless  screw.  When  it  is  desired  to  move  the  eye  end  through 
a  large  angle,  the  rack- mid-pinion  tube  is  grasped  by  the  hand ;  and  in  doing  so 
the  hand  almost  necessarily  grasps  also  a  small  steel  trigger,  which  lifts  the  steel 
pin  out  of  the  hole,  frees 'the  movable  circle,  and  allows  it  to  be  placed  in  any 

4* 


32  REPORT— 1872. 

angular  position.  When  the  desired  position  is  approximated  and  the  trigger 
relieved,  the  pin  drops  into  the  nearest  hole,  and  the  endless  screw  is  then  used 
for  final  setting. 

The  diagram  explains  the  various  matters  of  illumination. 

From  a  lamp  hanging  upon  the  end  of  the  declination  axis  is  sent  a  beam  of 
slightly  divergent  light  through  this  axis,  which  is  hollow ;  this  slightly  divergent 
beam  as  utilized  for  six  different  purposes,  three  portions  of  it  being  reflected  out 
in  different  directions  to  illuminate  portions  of  the  declination  circle,  of  which  one 
is  for  a  long  reader  for  setting  from  eye  end,  and  the  other  two  for  micrometer 
microscopes  subdividing  the  10'  division  of  circle  into  single  1"  arc. 

None  of  these  are  shown  in  diagram ;  but  the  other  three  purposes  for  which  the 
light  is  utilized;  viz,  for  position-circle,  bright  field  illumination,  and  dark  field 
illumination  of  micrometer,  are  shown. 

The  position-circle  illumination  is  very  simple  (see  fig.  1)  ;  a  single  reflector  R, 
attached  to  the  inside  of  the  tube,  directs  a  constant  beam  of  light  on  the  back  of  the 
glass  circle  at  P. 

The  bright  field  illumination  is  effected  by  a  very  small  central  reflector  R', 
"Which  sends  the  light  directly  into  the  field  of  the  micrometer. 

This  method  is,  the  author  believes,  now  generally  considered  to  give  the  best 
results,  and  has,  as  far  as  he  is  aware,  but  0110  disadvantage,  viz.  that  the  arm 
which  supports  the  small  mirror  produces  a  little  diffraction,  and  consequently 
deterioration  of  definition. 

This  objection  is  in  some  measure  reduced  by  making  the  arm  and  mirror 
removable  at  pleasure  by  pulling  or  releasing  a  string,  so  that  while  actually 
observing,  it  can  be  removed  and  replaced  instantaneously. 

•  In  devising  the  dark  field  illumination,  the  author  started  on  the  hypothesis  that 
there  were  two  essential  points  to  keep  in  view,  viz.  that  the  lines  should  be  illumi- 
nated on  both  sides  (not  one),  and  that  the  angle  at  which  the  light  should  be 
thrown  upon  the  wires  should  be  very  great,  so  that  the  blackness  of  the  field  as 
seen  through  the  eyepiece  should  not  be  injured. 

The  best  results  were  obtained  Jby  placing  four  prisms  of  total  reflection  round 
the  field  of  the  micrometer,  just  behind  the  wires,  and  of  such  an  angle  that  the 
light  thrown  upon  them  should  be  reflected  upon  the  wires  at  an  angle  such  as 
is  shown  in  diagram  tig.  2,  where  W  is  the  position  of  wires  in  focus  of  objective. 

In  order  that  this  scheme  of  illumination  should  be  carried  out  effectually 
from  the  light  of  a  single  lamp  hanging  on  the  declination  axis,  it  is  necessary  that 
a  certain  annular  portion  of  the  micrometer  which  embraces  these  prisms  should 
be  constantly  illuminated  from  this  lamp ;  and  this  is  effected  in  the  following  way  : 
a  portion  of  the  slightly  divergent  beam  of  light,  shown  in  iig.  2,  proceeding  from 
the  lamp  on  the  declination  axis  is  passed  through  a  very  low-power  convex 
lens,  I,  which  renders  the  beam  slightly  convergent. 

This  is  not  necessary,  but  a  mere  matter  of  convenience,  as  it  reduces  the  neces- 
sary size  of  the  reflector  and  lens  afterwards  required.  The  light  is  now  taken  up 
by  a  reflector,  R,  within  the  tube,  and  directed  towards  the  eye  end  at  such  an  angle 
that  it  crosses  the  axis  of  the  telescope  just  at  the  inner  end  of  the  eyepiece-tube?,  X ; 
hence  it  is  passed  through  a  piece  of  glass  of  a  peculiar  shajje,  P  P,  which  is  called, 
for  want  of  a  better  name,  an  annular  prism  lens.  This  piece  of  glass  has  a  hole 
cut  in  it  large  enough  to  admit  the  whole  pencil  of  light  from  the  object-glass. 
The  use  of  this  annular  prism  lens  is  twofold : — 

1st.  It  has  to  alter  the  direction  of  the  beam  of  light,  before  diagonally  thrown 
across  the  tube  R  X,  to  that  parallel  to  the  axis  of  the  telescope ;  and 

2nd.  It  is  necessary  that  it  should  have  a  slightly  converging  effect  to  reduce 
the  size  of  the  illuminated  circle  it  produces. 

This  arrangement  so  ^far  performs  perfectly  in  all  but  one  particular.  It 
throws  a  strong  beam  of  light  constantly  upon  the  four  prisms,  jt>,  />,  and  illu- 
minates the  lines  well ;  but  although  no  direct  light  can  enter  into  the  field  from 
the  mirror  placed  so  far  out  of  the  cone  of  rays  from  the  objective,  still  the  light 
thrown  against  the  side  of  the  eyepiece-tube  is  sufficient  to  completely  destroy 
the  effect  of  this  illumination.  The  difficulty,  however,  has  been  completely 
removed  in  this  way. 
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It  should  first  be  mentioned  that  the  eyepiece  or  micrometer-tube  is  made  double, 
an  outer  parallel  tube  and  an  inner  taper  one ;  and  it  is  between  these  two  that 
it  is  required  that  the  light  should  be  brought  to  the  four  prisms  or  micro- 
meters, any  light  shining  into  the  inner  tube  doing  mischief  by  injuring  the  black- 
ness ot  the  Held. 

On  the  lens  used  to  give  a  slight  convergence  to  the  light  is  placed  a  circu- 
lar opaque  disk  o,  of  a  certain  size  easily  ascertained;  a  lens  of  a  suitable  focus 

Lino  of  rays  from  ° 

objective. 


From  lamp  for  dark  field  illumi- 
nation oi'  micrometer, 


being  then  placed  near  the  reflector,  an  image  is  formed  of  that  opaque  disk  just 
over  the  eyepieoe-tubo  at  X,  and  of  such  a  size,  when  properly  adjusted,  that  no 
light  can  possibly  enter  the  inner  tube. 

Thus  wliile  not  a  single  ray  of  light  can  by  any  possibility  enter  the  inner  tube, 
a  flood  of  light  is  sent  down  between  the  inner  ana  outer  tubes  and  directed  upou 
the  four  prisms  in  whatever  angular  position  they  may  be. 

It  only  remains  to  say  that  both  the  intensity  and  colour  of  the  light  for  both 
characters  of  the  illumination  are  under  complete  control  of  the  observer  while 
actually  observing. 
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One  other  matter  is  perhaps  worthy  of  note. 

The  want  of  a  convenient  method  of  mapping  nehules  or  faint  stars  by  a  reticu- 
lated diaphragm  of  bright  lines  in  the  field  or  view  has  long  been  felt,  and  the  various 
methods  of  using  diamond  scratches  on  glass  or  illuminated  lines  are  subject  to 
objection  and  troublesome  to  manage.  A  simple  method  of  using  an  image  of  such 
a  uiaphragm  instead  of  the  actual  diaphragm  itself  here  suggests  itself. 

lleferring  to  the  portion  of  the  rays  used  for  bright  field  illumination,  and  shown 
in  fig.  1,  suppose  the  small  diagonal  mirror,  K',  to  be  replaced  by  an  equally  small 
prism  having  such  a  convex  power  that  it  forms  an  imago  of  any  object  at  the  end 
of  the  declination  axis  exactly  in  the  same  plane  as  the  image  found  by  the  ob- 
jective; then  any  kind  of  reticulated  diaphragm  of  bright  lines  on  the  dark  ground 
can  be  placed  on  the  end  of  tho  declination  axis,  which  would  have  a  suitably 
prepared  carrier  for  them,  and  their  imago  would  bo  seen  in  the  field  of  tho 
telescope  of  any  colour  and  any  intensity  desired. 


Kesidtat  de  mes  Observations  dans  TInde  sur  V Eclipse  du  12  D£c.  1871. 
Par  Dr.  JANSSEX. 

Je  considere  d'autant  plus  comme  un  plaisir  de  doiiner  ici  ce  resume  que  1' Asso- 
ciation Britannique  par  1'organo  de  son  illustro  President  do  I'anntfe  derniore  m'avait 
genereusement  propose*  de  se  charger  de  mon  voyage  dans  1'Iudo  pour  le  cas  oil  1'exo- 
cution  de  co  voyage  eiit  rencontre^  en  France  des  diilicultes. 

Ileureusement  notre  Goiiverneinent  comprit  1'importance  de  ces  questions  scien- 
tifiques  et  voulut  faire  les  sacrifices  necessaires ;  mais  je  n'en  suis  pas  moms  recon- 
naissant  envers  la  savante  Association, 

On  sait  que  le  but  des  expeditions  etait  do  determiner  la  nature  dc  la  couronno 
eur  laquelle,  nialgre*  les  observations  de  1860  et  1870,  planaient  encore  bien 
des  doutes. 

Le  peu  d'etendue  que  doit  avoir  cette  note  ne  me  permet  pas  d'examiner  les 
travaux  anterieurs  sur  la  couronne  111  ineme  les  ivsultata  obteuua  par  les  autres 
observateurs  le  12  Dec.  1871,  je  me  bornerai  a  exposcr  mcs  observations  per- 
eonnelles. 

Pour  retudo  de  co  grand  probleme  de  la  couronne  jo  me  suis  attache*  surtout 
a  realiser  deux  conditions  capitales. 

1°.  Le  choix  d'une  station  ou  le  ciel  fut  d'une  grande  purete  au  moment  du  phc- 
nomene. 

2°.  La  realisation  d'un  instrument  collecteur  de  la  lumiere  tres-puissant  de  maniere 
a  obtenir  un  spectre  tres-luminoux  de  la  couronne  (c'est  le  defaut  de  lumiero  qui 


la  cote  Malabar.  Le  massif  montagneiix  des  Neelgherry  me  parut  offrirles  meilleures 
conditions  sous  le  rapport  de  lu  purete  du  cieL  En  etudiant  ces  moutagnes  j'ai  re- 
marque  que  tons  les  matins,  au  lever  du  soleil,  le  vent  s'elevait  de  1  'orient  et  amenait 
des  images,  mais  que  ce  vent  cessait  bientot,  ea  sorte  que  ces  nuages  s'arretaient  et  ne 
couvraient  que  la  portion  orientale  du  massif  11  resultait  de  cette  remarque  que  les 
chances  etaient  beaucoup  plus  grandes  dans  la  region  occidental  du  massif.  Je 
m'etablis  done  dans  cette  direction.  Ma  station  fut  une  montagne  pres  Shoolor,  petit 
village  Indien  a  environ  7000  pieds  au-dessus  du  niveau  de  la  mer  *. 

Je  viens  maintenant  aux  instruments. 

L'etude  des  resultats  obtenus  en  18G9  et  1870  m'avait  ddmontrd  que  c'est  le 
manque  d'inteusite  lumineiise  des  spectres  de  la  couronne  qui  avait  empechd  d'ob- 
tenir  des  resultats  plus  decisifs.  Mes  dispositions  optiques  eurent  done  pour  but 
d'obtenir  un  spectre  dela  couronne  tres-lumineux:  jeconstruisis  un  telescope  d'environ 
40  centimetres  de  diametre,  et  lm<43  de  distance  focale.  Ce  telescope  donne  des 
images  environ  1C  fois  plus  lumineuses  que  celles  d'une  lunette  aatronomique  ordi- 
naire de  meme  ouverture.  Le  chercheur  etait  dispose  de  maniere  que  Tun  dus  yeux 

*  Je  remercie  ici  les  autorite's  de  1'Inde  ot  en  particulior  Lord  Napier,  de  1'appui  qu'ila 
m'ont  donno. 
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extant  au  chercheur,  Tautre  pouvait  regarder  dans  le  spectroscope  du  telescope.  Cette 
disposition  eat  tres-importante  j  elle  permet  au  meme  observateur  de  voir  le  phe'no- 
mene,  et  d'en  obtenir  en  memo  temps  1'analyse  lumineuse. 

Le  spectroscope  e*tait  dgaloment  tres-lumineux  et  mis  en  rapport  de  foyer  avec  le 
telescope. 

Enfin  je  pis  des  dispositions  pour  rdaliser  Tobscuritd  autour  do  nioi  pendant  1'ob- 
servation  ahn  de  conserver  a  ma  vue  toute  aa  sensibility. 

Voici  maintenant  le  re'sumd  de  1'observation  de  1'eclipse. 

Le  12  D<5cembre  a  Shoolor  au  lever  du  soleil  les  nuagos  arriverentcorained'habi- 
tude  et  couvrirent  le  Dodabetta;  mais  ils  n'arriverentpas  jusqu'a  nous,  et  nous  euines 
un  temps  d'une  purete*  admirable. 

La  couronne  se  niontra  avec  des  formes  et  uno  Constance  d'aspect  qui  no  permet 
pas  de  Texpliquer  par  la  diffraction. 

Le  spectre  des  regions  aupdrieures  de  la  couronne  niontra  immediatement  la  raio 
verte  deja  aignalee  et  si  renmrquable  j  mais  elle  etait  acconipagnee  des  raies  de  Tliy- 
drogene  pales  mais  bien  percept ibles. 

Ainsi  le  spectre  de  la  couronne  n'est  pas  continu  eomino  la  plupart  des  ob^ervateura 


de  rhydrogono  s'accentuaieut  da  vantage.    La  raie  obscure  D  s'est  montroe. 

Dans  le  vert  j 'on  ai  vu  aussi  quelquea  autros  plus  linos;  mais  cotte  vision  etait  a 
la  limite,  ce  qui  s'explique  tros-bion,  parco  quo  j'avais  ouvert  laJTeuto  autant  quo 
possible,  mais  de  maniero  a  voir  toujonrs  les  principales  raies  du  spectre  solaire. 

Je  pla^ai  ensuite  la  fente  de  maniere  a  couper  a  la  ibis  lo  disque  de  la  lune,  line 
protuberance  et  di verses  regions  de  la  couronne. 

Le  phdnomene  fut  trtVbeau  et  tres-concluant. 

Sur  la  lime,  spectre  tres-faible  presentant  los  lijrnes  de  Vhydrogene  tres-courtos, 
tres-ftdbles,  prolongeant  les  raies  tres-vives  de  la  protuberance. 

La  protuberance  no  donnait  pas  la  raie  verto,  tandia  que  cette  rnie  commencait 
imm6diateraent  au-dessua  dnus  la  couronne ;  enfin  la  rait)  D  fut  aussi  visible. 

U'autres  observations  confirmerent  cos  rosultats  pour  le  spoctre  de  la  couronne. 

T^a  polarisation  do  la  couronne  est  vive,  elle  est  radialo  et  a  son  maximum  d'in- 
tensite  a  quelques  minutes  do  la  chromosphere. 

Ce  re"aultat  explique  comment  quelques  obscrvnteura  out  trouvd  la  lumiere  do  la 
couronne  non  polarisee :  c'ost  qu  iis  interrogeaient  des  parties  do  la  couronne  tros- 
voisinea  do  la  chromosphere,  la  oil  1'^mission  propre  I'einporte  sur  la  rolloxioii.  31ais 
plus  haut  remission  etant  plus  faible,  la  reflexion  deviont  perceptible,  et  c'est  lu  aussi 
qu'on  trouve  les  raies  obscures  du  spectre  solairo. 

Ku  rdsunnS.  II  parait  auiourd'hui  d(5montru  par  les  observations  do  1809, 1870. 
1871  : 

Que  le  phonomene  de  la  couronne  des  ellipses  totales  ost  du  a  uue  envcloppe  ga- 
zetiso  appartonant  au  soloil ; 

Que  cette  enveloppe  est  lumineuso  par  elle-memo,  au  moin«  dans  les  parties 
voisines  du  soleil ; 

Qu'elle  possode  une  donsitd  excosaivement  faiblo  et  line  temperature  beaucoup 
plus  basse  que  celle  de  la  chromosphere  ; 

Que  le  gaz  hydrogene  eu  forme  un  element  principal ; 

Que  cette  enveloppe  gazouso  n'est  nullomont  dans  un  iHat  statique,  niais  qu'ello 
presente  des  formes  tivs-invguliercs,ee  qui  sVxplique  par  h\s  mouvomonts  prodjgieux 
de  niatierea  qui  out  lieu  dans  la  chromosphere  et  qui  font  penotrer  dans  cetto  en- 
veloppo  d'inimenses  jets  do  matieres  qui  en  troublent  continuellenient  I'equilibrc  et 
en  changent  la  densito  en  ses  diverges  parties. 

Cette  coucho  formant  une  enveloppo  tres-distincto  do  la  chroiuosphe.ro,  il  y  fl  lieu 
de  lui  donnor  uu  nom.  Je  propose  de  1'appeler  fntwofiplu-n1  coronals 
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LIGHT. 
Refraction  and  Solar  Spots.     By  J.  H.  BROWN. 


On  the  Action  of  Quartz  on  Ultra-Violet  Hays.    By  Professor  CBOTJLLEBOIS. 


On  Ta^es  Phosphorescent  by  Friction.     By  Professor  CROTJLLEBOIS. 
On  Focal  Lines.     By  Professor  J.  D,  EVERETT,  D.C.L. 


On  a  Difficulty  hi  the  Theory  of  Aberration. 
By  Professor  J".  D.  EVERETT,  D.C.L. 


On  Muwje.     By  Professor  J.  D,  EVERETT,  D.C.L. 


On  Astronomical  Infraction.     By  GEORGE  FORBES. 

The  errors  of  the  refraction  tables  are  best  shown  by  noticing  the  variations  in 
the  North  Polar  Distances  of  stars  observed  with  the  Greenwich  Transit-circle  ae 
determined  by  observations  of  different  nights.  They  are  sometimes  very  con- 
siderable. Humidity  is  doubtless  one  of  the  most  important  points  to  be  attended 
to.  But  this  correction  is  difficult  to  apply,  for  its  value  is  at  present  unknown. 
The  author  wished  to  point  out  a  minor  correction,  which,  however,  becomes  im- 
portant in  some  cases,  which  can  be  easily  determined,  and  which,  FO  far  as  he 
knows,  has  not  been  hitherto  alluded  to.  This  is  the  effect  due  to  a  difference  in 
the  height  of  the  atmosphere  at  adjacent  stations  on  the  meridian  (if  a  meridian 
instrument  be  used),  as  shown  by  the  barometer.  The  superabundant  air  will  act 
as  a  prism  of  air,  and  may  possibly  introduce  sensible  errors, 

The  theory  of  correcting  for  this  is  as  follows  : — 

In  the  differential  equation  to  the  path  of  a  ray,  viz. 

</,-=*  tout, 
ft 

i  is  the  inclination  of  the  ray  to  the  normal  to  a  surface  of  eijual  density  (the  sur- 
faces of  equal  density  being  supposed  to  be  concentric).  But  in  the  case  considered, 
where  the  barometer  varies  at  adjacent  stations,  the  surface  of  the  earth  is  not  a 
surface  of  equal  density,  but  is  inclined  to  it,  so  that  the  sections  of  the  surface  of 
equal  density  aud  the  surface  of  the  earth,  by  a  piano  in  the  meridian,  include  an 
angle  «,  which  can  be  easily  tabulated  for  different  values  of  the  barometric  differ- 
ences. Hence,  in  using  Bessel's  refraction  tables,  where  the  argument  is  the  angle 
f,  we  ought  to  use,  not  the  observed  zenith-distance  Z,  but  the  angle  Z+#. 

By  comparing  good  observations  at  stations  five  miles  apart,  the  author  found  that 
the  barometers  sometimes  differed  by  0*010  inch.  The  effect  of  this  difference  on  the 
places  of  stars  is  as  follows  :—- 

For  stars  whose  zenith-distance  is  GO  the  correction  is  about    6*2 
»  »  80  „  „  1-0 

»  »  85  „  3-6 

w  »  90  „  n        200 

These  effects  then  are  very  sensible.  Nor  is  it  likely  that  the  barometer  obser- 
vations compared  are  exceptional. 

The  existence  of  this  source  of  error  was  clearly  detected  in  the  Greenwich 
observations,  by  comparing  them  with  observations  of  the  barometer  at  adjacent 
stations.  Every  test  that  has  been  applied  confirms  the  opinion  that,  by  the  appli- 
cation of  this  correction,  a  considerable  increase  of  accuracy  would  be  obtained  in 
stars  of  great  zenith-distance. 
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The  Action  of  Sunlight  on  Colourless  and  Coloured  Glass* 
By  THOMAS  GAFFIELD,  of  Boston. 

The  author's  experiments  on  this  subject,  of  which  some  accounts  have  appeared 
in  American  and  European  scientific  journals,  cover  a  period  of  nine  years,  and 
embrace  some  eighty  different  kinds  of  glass,  of  English,  French,  German,  Belgian, 
and  American  manufacture, — of  rough  and  polished  plate,  crown,  and  sheet  window 
glass,  of  "Hint  and  crown  optical  glass,Jof  opal  and  ground  glass,  of  coloured  pot- 
metal,  flashed  and  stained  glass  of  various  colours,  of  glass  ware,  and  glass  in  the 
rough  metal.  They  were  carried  on  chiefly  upon  the  window-sills  and  roof  of  the 
author's  house  in  Itoston,  in  a  position  exposed  to  the  full  force  of  the  sun's  rays 
during  the  whole  or  greater  portion  of  every  day,  only  being  protected  by  covers 
in  the  event  of  snow-storms* 

The  usual  size  of  the  glasses  exposed  is  four  by  two  inches,  and  several  hundred 
specimens  show  the  effect  of  sunlight  in  producing  a  change  of  colour  by  exposure/ 
from  one  day  in  summer  to  several  years.  These  changes  in  the  colourless  glasses 
are  from  white  to  yellow,  from  green  to  yellowish  green,  from  brownish  yellow 
to  purple,  from  greenish  white  to  bluish  white,  and  from  bluish  white  to  a  'darker 
blue.  By  the  colours  of  colourless  glass  are  meant  those  which  are  seen  in  looking 
through  the  edges  of  the  glass.  They  are  not  noticed  in  looking  at  the  surface  in 
our  windows,  unless  a  white  curtain  furnishes  a  contrasting  background. 

It  is  a  curious  fact  that,  while  these  various  glasses  before  exposure*  can  be  sub- 
mitted to  great  heat  in  a  glass-staincr's  kiln  without  any  change,  all  the  exposed 
and  changed  specimens  can  be  restored  to  their  original  colour  by  being  placed  in 
the  same  kiln,  during  a  Dingle  fire.  A  second  exposure  to  sunlight  will  reproduce 
the  same  yellow  and  purple  colours  as  before ;  and  this  process  of  coloration  by 
light  and  decolorization  by  heat  can  be  carried  on  indefinitely. 

During  the  last  year,  the  author  commenced  an  experiment  with  pot-metals,  not 
of  the  primary  colours,  but  of  the  intermediate  ones,  which  most  nearly  approach 
those  produced  in  colourless  glass  by  sunlight  exposure.  In  every  specimen  of  the 
brownish,  yellowish,  and  rose  or  purple  colours  thus  exposed,  astonishing  changes 
in  Colour  or  shade  in  a  short  time  were  observed.  In  some  instances  a  few  days 
of  exposure  in  the  month  of  June  of  the  present  year  sufficed  to  show  the  com- 
mencement of  the  sun's  influence.  These  changes  were  from  a  coffee-colour  to  a 
rose,  from  amber,  yellowish,  brownish,  and  purple  to  darker  shades  of  the  same 
Colours. 

Inasmuch  as  this  class  of  pot-metal  colours  was  used  in  the  painted  windows  of 

past  ages,  and  as  flashed  and  stained  colours  are  subject  to  change  in  the  colour- 
f        -i  -  i        t\  1 1         i  __  _  j    i  i  • ..   _     •        , .  j»  _V i      _. ..    « ±  _    . . .  i 


must  we  not  transfer  some  of  our  praise  for  the  old  artists  in  glass  to  the  wonderful 
pencil  of  the  brightest  luminary  of  the  heavens,  which,  durino  the  centuries,  has 
noiselessly  but  unceasingly  been  at  work,  deepening  and  mellowing  the  colours 
of  all  the  windows  of  the  venerable  cathedrals  of  the  world  ? 

Exactly  what  this  wonderful  alchemy  is,  and  what  are  the  methods  of  its 
operation,  are  questions  on  which  various  opinions  may  bo  given,  but  which  only 
a  careful  consideration  and  comparison  of  the  observations  and  theories  of  many 
different  scientific  men  can  accurately  decide.  Some  have  attributed  it  to  the  pre- 
sence of  oxide  of  iron,  some  to  arsenic,  and  some  to  sulphur  in  the  constituent 
materials  of  the  glass.  Some  think  oxide  of  manganese  (singular  as  it  may  seein 
used  as  a  decolorizer)  to  be  the  great  colour  ist  in  this  matter.  The  author  thinks 
that  in  many  coloured  and  colourless  glasses  it  ploys  a  very  important  part  in  the 
effects  produced.  But  in  some  experiments  made  with  glasses  containing  no  man- 
ganese, decided  changes  of  colour  from  greenish  to  yellowish  have  been  produced. 

Perhaps  the  question  cannot  be  accurately  solved" until  some  glass-manufacturer 
will  make,  with  great  care  and  for  this  special  purpose,  a  series  of  specimens  of 
colourless  and  coloured  glass,  which  shall  be  exposed  for  months  and  years  to  the 
influence  of  sunlight.  Knowing  the  exact  constituents  of  each  specimen,  a  good 
foundation  could  1>e  laid  for  a  thoroughly  scientific  investigation  of  the  subject. 
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Since  the  publication  of  tho  results  of  the  author's  first  experiments,  made  in 
1803,  there  has  "been  quite  a  change  in  the  original  colour  of  some  of  the  window 
class  made  in  Europe,  Tho  author  understands  that  many  of  the  manufacturers 
nave  given  up  the  use  of  oxide  of  manganese,  or  reduced  the  quantity  employed. 
The  result  is,  that  the  brownish-yellow  coloured  glass,  which  used  to  change  to  a 
purple  hue  in  a  year  or  loss,  is  now  replaced  by  a  light  bluish  green,  which  shows 
little  or  no  change  after  years  of  exposure.  It  will  bo  a  practical  result  of  tho 
inquiry  suggested  above,  if  colourless  glass  of  all  kinds  shall  be  made  which  shall 
not  change  in  colour  by  sunlight  exposure,  and  but  slightly  in  shade.  Especially 
is  it  important  to  photographers,  in  any  operations  requiring  all  the  light  which 
they  can  obtain,  not  to  have  glass  in  their  skylights  which,  after  a  few  months  or 
years  of  exposure,  shall  bo  robbed  of  a  great  proportion  of  its  power  to  transmit 
the  chemical  or  actinic  rays,  by  a  change  to  a  yellow  or  purple  hue,  which,  in 
time,  might  cut  oft'  almost  as  much  actinic  effect  as  if  it  were  ground  or  covered 
with  enamel  on  one  of  its  surfaces.  The  author  made  some  photographic  experi- 
ments to  show  this  deteriorating  effect,  by  exposing  sensitive  paper  under  glasses 
of  original  colour,  and  those  of  the  same  kind  changed  by  sunlight,  and  witnessing 
the  very  perceptibly  different  shades  of  darkening  produced. 

This  action  of  sunlight  must  not  bo  confounded  with  rust  or  stain  occasioned  by 
exposure  to  atmospheric  influences,  which  occasions  sometimes  a  roughening-  and 
sometimes  an  iridescence  upon  the  surface;  while  sunlight  action,  which  has  uo 
disintegrating  effect  on  tho  outside*;  extends  throughout  the  body  of  the  glass. 


On  the  Spectrum  of  Hydrogen*     Bij  ARTHUR' SCHUSTEH, 

Hydrogen  is  one  of  the  gases  said  to  exhibit  more  than  one  spectrum.     Under  a 

Pressure  greater  than  about  5  millimetres  it  is  said  to  show  a  spectrum  of  shaded 
ands.  Tho  spectrum  of  hydrogen  which  is  soon  in  tho  heavenly  bodies  appears 
under  a  pressure  from  5  millimetres  down  to  tho  lowest  pressure  which  can  be  ob- 
tained by  Sprengel's  pump,  where  a  new  spectrum  of  lines  suddenly  appears. 
Pliicker,  who  discovered  the  bund-spectrum  of  hydrogen,  was  first  of  the  opinion 
that  it  was  due  to  the  last  traces  of  air.  lauding,  however, 0 that  its  bands  did  not' 
coincide  with  tho  bands  of  air,  he  attributed  it  to  hydrogen.  An«  strdm  has  recently 
given  his  reasons  against  this  supposition,  and  believes  it0  to  be  due  to  acetylene. 
Sly  own  experiments  have  led  to  the  confirmation  of  Angstrom's  opinion.  Gene- 
rally two  distinct  causes  may  introduce  a  hydrocarbon  into  the  vacuum-tube : — 

1*  The  gas  passing  through  india-rubber  tubes  will  carry  with  it  small  pieces  of 
india-rubber. 

2.  All  the  vacuum-tubes  are  more  or  loss  greasy. 

These  two  causes  I  consider  sullieient  to  produce  all  the  effects  observed 
by  Pliicker.  "Wu'llnor,  however,  found  this  spectrum  so  well  developed  that 
we  must  look  in  his  experiments  for  a  more  constant  source  of  error.  This, 
I  believe,  is  found  in  the  greased  stopcocks  which  he  used  to  shut  his  vacuum- 
tubes.  Examining  the  spectrum  of  oxygen,  ho  discovered  two  new  spectra 
which  he  found  later  to  be  due  to  carbon-compounds  introduced  into  his  vacuum- 
tubes  by  the  grease  of  tho  stopcocks.  Tho  quantity  of  solid  matter  carried 
awav  by  a  current  of  air  passing  through  an  india-rubber  tubing  is  not  so 
small  as  might  at  first  sight  appear.  Tyndull,  in  his  experiments  on  actinic 
clouds,  mentions  the  edect  produced  by  nil  india-rubber  joint  through  which  the 
gas,  subjected  to  examination,  had  passed.  In  order  to  eliminate  the  effect  of  the 
tubings,  a  drop  of  water  was  introduced  into  the  vacuum-tube,  which  was  boiled 
after  the  vacuum  had  been  made.  When  all  the  air  was  expelled  the  spark  was 
allowed  to  pass.  It  was  now  found  that  the  band-spectrum  varied  much  with 
the  different  tubes.  0  Those  which  had  been  well  cleaned  before  being  used  showed  it 
only  very  feebly.  Angstrom's  supposition  that  this  spectrum  is  due  to  acetylene  is 
therefore  very  plausible. 

I  obtained  the  spectrum  of  ammonia  by  the  following  arrangement : — A  few  drops 
of  a  strong  solution  of  ammonia  in  water  were  introduced  into  the  vacuum-tube, 
and  tho  induction-current  was  allowed  to  pass  while  the  pump  was  being  worked. 
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Thus  a  vacuum  is  obtained  sufficient  to  allow  the  passage  of  the  current,  and  at 
the  same  time  the  gas  is  constantly  renewed,  which  prevents  its  decomposition. 
The  spectrum  of  ammonia  consists  of  a  broad  greenish-yellow  band,  the  wave-length 
of  which  was  determined  by  interpolation  to  be  5080  to  5027  10th  metres. 

Having  110  Sprongel's  pump  at  my  disposal,  I  could  not  examine  hydrogen  under 
the  conditions  in  which  it  is  said  to  give  a  third  spectrum  :  suffice  it  to  say  that 
Pliicker  has0oxamined  it  under  those  circumstances,  and  does  not  mention  any  new 
spectrum.  Angstrom  has  shown  that  all  the  lilies  of  this  spectrum  coincide  with 
linos  of  sulphur  (which  might  be  introduced  by  the  caoutchouc  tubings).  Wullner 
says  that  tlio  general  appearance  of  the  sulphur-spectrum  is  a  different  one  j  bufc 
this  may  be  due  to  the  circumstance  that  the  sulphur-spectrum  was  never  examined 
under  so  minute  a  pressure, 


On,  tJie  Application  of  Photoyrapliy  to  copy  Diffract  ivn-yratuiys. 
By  the  Hoii,  J.  \V.  STKVTT. 

Great  interest  has  always  attached  itself  to  the  beautiful  phenomena  discovered 
by  Frauenhofer,  which  present  themselves  when  a  beam  of  light  falls  on  a  surface 
ruled  with  a  great  number  of  parallel  and  equidistant  lines.  Their  unexpected 
character,  the  brilliant  show  of  colour,  and  the  ready  explanation  of  the  main  points 
on  the  principles  of  the  Wave-theory  recommend  them  to  all,  while  the  working 
physicist  recognizes  in  them  the  key  Oto  the  exact  measurement  of  wave-lengths, 
which  has  been  so  splendidly  used  by  Angstrom  and  others. 

The  production,  however,  of  gratings  of  sufficient  fineness  and  regularity  is  a 
matter  of  no  ordinary  difficulty.  Indeed  the  exactness  required  and  obtained  is 
almost  incredible.  The  wave-lengths  of  the  two  sodium-lines  differ  by  about  the 
thousandth  part.  If  in  two  gratings,  or  two  parts  of  the  same  grating,  the  average 
interval  between  the  divisions  differed  by  the  fraction,  the  less  refrangible  sodiuui- 
line  of  ono  would  be  superposed  on  the  more  refrangible  corresponding  to  the  other. 
Ill  point  of  fact  the  gratings  ruled  by  Xobert  of  Bartli,  to  whom  the  scientific 
world  has  been  greatly  indebted,  are  capable  of  distinguishing  a  difference  of  wave- 
length probably  of  a  tenth  part  of  that  above  mentioned.  But  in  order  that  the 
U-llnes  may  be  resolved  at  all,  there  must  be  no  average  error  (running  over  a 
large  part  of  the  grating)  of -ulol)  part  of  the  interval  between  consecutive  lines. 
When  it  is  remembered  what  the  interval  is  (from  ^  01UO-  to  Q^Q-O£  an  inch,  or  even 
less),  the  degree  of  success  which  has  been  reached  seems  very  remarkable. 

A  work  requiring  so  much  accuracy  is  necessarily  costly — the  reason,  probably, 
why  gratings  fit  to  be  used  with  the  telescope  for  the  purpose  of  showing  the  fixed 
lines  arc  comparatively  rare.  The  hope  of  being  able  to  perfect  a  process  for  the 
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means  exhausted,  tlio  author  thought  it  worth  while  to  bring  before  the  Association* 
an  account  of  the  progress  that  has  been  made,  with  specimens  of  the  results. 

The  method  of  procedure  is  very  simple.  A  dry  plate  prepared  by  any  photo- 
graphic process  on  a, flat  surface  of  glass  or  other  transparent  material  not  aifected  by 
the  fluid  media  employed  is  brought  into  contact  with  the  ruled  surface  of  the  grating 
in  a  print  ing-frame,  tind  exposed  to  light.  In  the  author's  first  experiments  he  used 
exclusively  as  a  source  of  light  the  imago  of  the  sun  in  a  lens  of  short  focus  placed 
in  the  shutter  of  a  darkened  room ;  but  so  small  a  source  is  not  necessary.  The  light 
from  the  clouds  or  sky  reflected  by  a  mirror  through  a  hole  several  inches  in  aperture 
will  be  sufficiently  concentrated  if  the  frame  be  a  few  feet  distant.  The  author  has 
not  as  yet  specially  investigated  the  point,  but  ho  believes  that  if  the  light  be  too 
much  diffused,  the  experiment  would  fail.  Much  would,  no  doubt,  depend  on  the 
perfection  of  the  contact — an  element  very  likclv  to  vary.  The  variable  intensity 
of  diffused  daylight,  which  it  is  almost  impossible  to  estimate  with  precision,  has 
induced  him  to  use  exclusively  in  his  later  experiments  with  ordinary  photographic 
plates  tlio  light  of  a  moderator  lamp.  This,  with  globe  removed,  is  placed  at  a 
distance  of  1  or  2  feet  from  the  printing-frame,  the  distance  being  carefully 
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measured.  Working  in  this  way  there  is  little  difficulty  in  giving  consecutive 
plates  any  relative  exposure  that  may  be  required.  A  collateral  advantage  is  the 
possibility  of  operating  at  any  time  of  the  day  or  night. 

With  regard  to  the  preparation  of  the  plates,  the  author  has  latterly  been  lining 
the  tannin  process  introduced  by  Major  Russell.  A  preliminary  coating  with  dilute 
albumen  is  generally  advisable,  as  any  loosening  of  the  film  from  the  glass  must  be 
avoided  on  account  of  the  distortion  that  it  might  introduce.  In  some  states  of  the 
collodion  an  edging-  of  black  varnish  nut  on  after  the  exposure  is  sufficient  to  hold 
the  film  down.  The  glasses,  after  being  coated  with  collodion  (Mawson's  was 
used),  are  immersed  as  usual  in  the  silver  bath,  and  then  allowed  to  soak  in  diadlled 
water,  best  contained  in  a  dipping-bath.  They  are  then  washed  under  a  tap  for 
about  half  a  minute,  and  put  into  the  tannin  solution  (about  15  grains  to  the  ounce) 
held,  in  the  author's  practice,  in  a  small  dish.  The  author  usually  prepares  his 
plates  in  the  evening,  standing  them  up  to  dry  on  blotting-paper.  In  the  morning 
they  are  in  a  fit  state  for  use.  Artificial  heat  might  no  doubt  be  used  if  a  more  rapid 
drying  were  desired. 

At  a  distance  of  1  foot  from  the  lamp  the  exposure  required  is  four  or  live 
minutes.  The  development  is  the  most  critical  part  of  the  process.  The  pyrogallic 
solution  should  contain  plenty  of  acid  (acetic  or  citric),  and  its  action  must  not  be 
pushed  too  far — the  mistake  which  a  photographer  accustomed  to  negative  work  is 
most  likely  to  make,  At  this  stage  the  spectra'  given  by  a  candle-flame  are  not 
very  brilliant,  on  account  of  the  iodide  of  silver  still  covering  the  parts  which  are  to 
be  transparent.  Any  trace  of  fog  is  especially  to  be  avoided.  The  author  hns  expe- 
rienced advantage  in  niauy  cases  from  a  solution  of  iodine  in  iodide  of  potassium 
applied  to  the  film  previously  to  fixing ;  but  its  action  must  be  carefully  watched,  or 
too  much  silver  will  be  converted.  The  iodide  of  silver  is  then  cleared  away  with 
hyposulphite  of  soda  or  cyanide,  followed  by  a  careful  washing  under  the  tap. 

With  regard  to  the  gelatine  copies,  the  author  has  not  much  to  add  to  the  account 
read  before  the  lloyal  Society.  The  process  is  very  simple  and  some  of  the  results 
very  perfect,  but  he  has  not  hitherto  .succeeded  in  sufficiently  mastering  the  details. 
Plates  apparently  treated  in  precisely  the  same  manner  turned  out  very  differently. 
That  difficulties  should  arise  is  not  yery  extraordinary,  considering  the  novelty  of 
the  method ;  but  it  is  curious  that  some  of  the  very  first  batch  prepared  are  among 
the  best  yet  produced.  The  value  of  the  results  is  so  great,  that  the  author  has  no 
intention  of  abandoning  his  attempts,  and  perseverance  must  at  last  secure  success. 

The  author  then  said  a  few  words  about  the  performance  and  prospects  of  the 
new  copies.  Their  defining  power  on  the  fixed  lines  in  the  solar  spectrum  is  all  that 
could  be  desired,  being,  so  far  as  he  can  see,  in  no  way  inferior  to  the  originals.  In 
the  third  spectrum  the  8000  to  the  circle-gratings  show  the  line  between  the  D's, 
if  the  other  optical  arrangements  arc  suitable.  The  fourth  line  of  the  group  b  is  di- 
stinguished witfrthe  utmost  ease.  The  author  isnot  sufficiently  familiar  with  spectro- 
scopic  work  to  make  an  exact  comparison,  but  presumes  that  two  prisms  of  110°  at 
least  would  be  required  to  effect  as  much.  The  author  is  here  speaking  of  photographs 
on  worked  glass.  With  ordinary  patent  plate,  although  very  good  results  may  be  ob- 
tained if  tested  by  the  naked  eye  pnly,  it  is  a  great  chance  whether  the  magnify  ing- 
power  of  a  telescope  will  not  reveal  the  imperfect  character  of  the  surface. 

With  direct  sunlight  the  light  is  abundantly  sufficient;  but  it  is  here  in  all 
probability  that  the  weak  point  of  gratings  lies.  It  should  be  distinctly  understood 
that  where  light  is  deficient  gratings  will  not  compete  with ^ prisms.  There  arc 
cases,  however,  where  the  scale  might  be  turned  by  the  opacity  of  all  highly  dis- 
persive substances  to  the  rays  under  examination.  Even  if  glass  be  retained  as  the 
substratum,  it  may  be  used 'in  a  very  thin  layer,  while  prisms  are  essentially  thick. 
The  immense  advantage  of  a  diffraction-spectrum  for  the  investigation  of  dark  heat 
need  not  here  be  insisted  on.  Taking  all  things  into  consideration,  it  is  probable 
that  photographed  gratings  will  supersede  prisms  for  some  purposes,  though 
certainly  not  for  all. 

The  specimens  exhibited  by  Mr.  Ladd  are  copies  of  two  gratings  by  Nobort, 
each  of  a  square  inch  in  surface,  the  one  containing  8000  and  the  other  0000  lines. 
The  latter  cost  about  £20. 
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On  Atmospheric  Refraction  of  Inclined  Rays,  and  on  the  Path  of  a  Level  Eat/. 
By  JAMES  THOMSON,  LL.D.,  Professor  of  Civil  Engineering  in  Queen's 
College,  Belfast. 


himself  unable  to  rest  satisfied  with  the  views  put  forward  on  the  subject  in  books 
on  Practical  Geodesy,  or  in  any  writings  with  which  he  was  acquainted.  The  only 
views  which  he  then  mot  with  were  to  the  following  effect  :— 

The  atmosphere  was  regarded  as  consisting  of  an  infinite,  number  of  infinitely  thin 
horizontal  luuunre,  with  a  gradual  increase  of  density  in  passing-  downwards  through 
these  laminae,  so  that  the  density  in  each  lamina  would  differ  only  in  an  infinitely 
small  degree  from  that  in  the  one,  immediately  above  it,  or  from  that  in  the  one 
immediately  below  it.  It  was  then  inferred  that  a  ray  of  light,  passing  obliquely 
downwards  through  the  lamina),  must,  at  each  successive  transition  from  one  lamina 
into  the  denser  one  next  below,  sutler  refraction  so  that  its  course  must  make  a  less 
angle  with  a  normal  to  the  lamime  in  the  denser  lamina  than  it  did  with  the  same 
normal  in  the  rarer  one  immediately  above,  and  that  the  path  of  the  ray  must 
therefore  be  curved  with  the  concave  side  downwards.  From  this  reasoning,  with- 
out ^  noticing  that  its  whole  foundation,  in  oblique  transition  of  the  light  across 
lamime  with  gradual  change  of  density  in  those  successively  traversed,  Aanishes  in 
the  case  of  a  horizontal  ray,  authors  have  tacitly  assumed'  that  a  ray  proceeding 
through  the  atmo.sphere,  so  as  to  enter  a  levelling-iiistrument  horizontally,  should 
be  expected  to  be  curved  with  its  underside  concave.  In  one  souse  such  a  conclu- 
sion, in  connexion  with  the  mode  stated  in  which  it  has  been  inferred,  may  be 
partly  justified — that  is,  if  tho  consideration  be  that  a  ray  coming  from  a  consider- 
able distance  so  as  to  enter  an  instrument  horizontally  must  ha\e  previously  been 
descending  obliquely  through  the  nearly  spherical  level  laminae  of  the  air  which  are 
rounded  in  correspondence  with  the  figure  of  the  earth,  Rays  arriving  level  at  an 
observer's  station  from  the  rising  or  setting  sun  afford  an  instance  of  what  is  here 
referred ^to,  and  one  in  ^hich  tbe  light  lias  descended  obliquely  through  the  whole 
depth  of  the  atmosphere.  It  may  readily  bo  admitted,  from 'the  usual  reasoning 
cited  above,  that  any  such  ray  will  be  curved  and  concave  downwards  at  all  parts 
of  its  course  where  it  i.s  sensibly  descending;  but  a<*  the  advancing  ray  gradually 
approaches  to  the  le\  el  position  ^ with  a  gradual  diminution  down  to  cessation  of 
oblique  descent  through  th^  lamina?,  it  might  still,  .so  fur  as  that  reasoning  would 
indicate,  be  held  an  open  question  whether  the  curvature  of  the  ray  would  approach 
towards  /ero,  or  whether  it  would  approach  towards  a  maximum,  or  generally 
what  might  bo  the  condition  as  to  curvature  or  straighlness  of  the  ray,  as  the  ray 
comes  to  be  level, 

The  author  proposed  the  question  in  18C>3  to  Professor  Purser,  of  Queen's  Col- 
lego,  Belfast;  and  Prof.  Purser,  on  the  moment,  made  out  an  analytical  investiga- 
tion which  depended  on  tho  proportionality  of  the  sine  of  the  angle  of  incidence  to 
the  sine  of  tho  angle  of  refraction  holding  good  for  infinitely  thin  lamina;  differing 
infinitely  little  in  density,  and  holding  good  to  the  extreme  case  in  which  the  ray 
becomes  parallel  to  the  lamina?.  This  investigation  appeared  to  the  author  of  the 
present  paper  to  be  consistent  with  all  physical  conditions ;  and  lie  regarded  it  as  an 
hypothesis ^  likely  to  be  fully  confirmed  by  experimental  investigations,  if  at  any 
time  experiments  bearing  on  tho  subject  should  be  found  practicable.  From  direct 
experiments,  however,  on  the  curvature  of  a  ray  of  light  in  the  atmosphere,  no 
accurate  results  are  to  be  hoped  for,  on  account  of  the  great  and  constantly  varying 
disturbances  to  which  the  ray  is  subject,  through  changes  in  tho  distribution  oflieat 
and  moisture  in  tho  air,  and  movements  of  its  parts  among  one  another,  and  other 
varying  influences. 

Prof.  Purser's  investigation,  which  from  the  first  has  been  deemed  by  the  author 
of  the  present  paper  to  be  of  much  interest  and  value,  was  to  the  following  effect,  the 
question  being : — 

To  find  whether  a  ray  of  liyht  pasting  infinitely  nearly  horizontally  through  the 
atmosphere  will  be  bent  iciti  a  finite  furniture,  or  not  bent-  at  all;  and  whether  the  cur  va- 
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ture  approaches  to  a  maximum  or  to  a  minimum  as  the  direction  of  the  ray  approaches 
towards  horizontally. 

Conceive  two  laminee,  Lamina  1  and  Lamina  2,  each  of  the  thickness  X.    Con- 
ceive the  density  in  each  as  being  constant,  but  that  there  is  a  sudden  increase  of 
density  in  passing  from  the  one  to  the  other.     Then 
the  ray  of  light  P  A  O  will  at  A  be  suddenly  bent  or  Fig.  1. 

deflected  from  its  previous  line.  This  case  may  be  sub- 
stituted mathematically,  when  the  laminra  are  taken 
infinitely  thin,  for  what  actually  occurs  in  the  atmo- 
sphere, 

]STow  in  the  atmosphere  tho  deflection  of  the  ray  of 
lijrht  in  passing  from  the  middle  of  one  lamina  to  tho 
middle  of  the  next,  as  from  1)  to  E,  is  evidently  propro- 
tional  to  the  thickness  assumed  for  the  lamina),  the  thickness  being  small,  Hence, 
if  we  take  8  to  represent  the  angle  of  deflection  at  A,  we  must  bear  in  mind  that  8  <x  X 
for  any  given  angle  of  incidence,  or  that  8  must  be  infinitely  small  when  tho  lamina 
is  infinitely  thin.  Lei  the  angle  of  incidence  P  A  J3=  i.  Then,  by  the  ordinary  law 
of  refraction  assumed  as  applicable  to  this  case, 

sin  z==/*  sin  (7—  8), 

in  which  /*  denotes  the  index  of  refraction  for  p.issage  of  a  ray  from  one  lamina  to 
the  next  when  the  thickness  of  the  lamina)  is  X. 

Hence  8-HL!>;=sint  cos  3  — cos  i  sin d,  or  by  dividing  by  cos  i, 


But  8  must  be  infinitely  email,  the  laminre  being  infinitely  thin.  Hence  for  infinitely 
thin  lamina)  we  have  sin  8=8,  and  cos  8=1,     Hence  the  previous  equation  becomes 

tant     .      ,     0 

-  -     =3  tan  i—  8, 
f* 

or  as^tanf. 

Let  D  E,  or  its  equal  P  A,  tho  lamina)  being  infinitely  thin,  be  denoted  by  a.  Then 
s  =  X  sec  i. 

Let  the  radius  of  curvature  of  the  ray  of  light,  or  the  radius  of  the  circle  touching 
the  ray  in  the  points  D  and  E,  be  denoted  by  It,  and  then  we  have 

1       8 

Curvature  =  ^  =  —  • 
K       .s 


Henco 

/i  X     sec  i 

or  Curvature  =^TL  sin/, 

/iX 

But  since  the  ciirvature  of  the  ray  of  light  is  independent  of  the  small  thickness 
which  we  may  take  for  the  infinitely  thin  lamiiue,  and  can  only  vary  with  the  angle 

of  incidence  t,  we  must  have-/1—  in  the  foregoing  equation  constant;  and  so  we 

,  ^ 

have 

Curvature  oc  sin*, 

which  has  its  maximum  value  when  *  is  a  right  angle  ;  that  is,  when  the  ray  is 
passing  horizontally,  or  infinitely  nearly  so. 

This  shows  that  if  the  ordinarily  assumed  law  of  refraction  be  truly  applicable  to 
a  ray  of  light  passing  extremely  nearly  horizontally  through  level  lamina)  of  air  of 
varying  density,  the,  curvature  of  the  ray  of  light  must  approach  to  a  maximum  as 
the  inclination  of  the  ray  approaches  to  horizontality.  From  this,  if  true,  the  step 
is  natural,  or  inevitable,  to  the  conclusion  that,  leaving  out  of  account  the  rotundity 
of  the  earth,  and  conceiving  the  laminse  of  constant  density  to  be  level  planes,  a  ray 
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of  light  directed  level  so  that  if  it  were  to  traverse  a  straight  path  it  would  pass 
along  an  infinitely  thin  lamina  of  uniform  density,  but  with  less  density  above  and 
greater  below;  would  be  bent  by  virtue  of  the  difference  of  the  densities  above  and 
bclotc  it. 

It  must,  however,  be  admitted  that  there  is  something  perplexing,  or  not  quite 
satisfactory  to  the  mind,  in  taking  this  final  step  to  the  perfectly  level  ray  ;  for  as 
soon  as  the  inclination  of  the  ray  becomes  zero  the  whole  foundation  and  frame- 
work of  the  investigation  fails,  there,  being  then  no  oblique  passage  of  a  ray  from 
one  lamina  into  another,  no  incident  and  no  refracted  ray.  and  consequently  no 
ratio  of  pines  of  angles  of  incidence  and  refraction,1  though  all  these  would  be 
required  to  bo  discussed  as  if  they  existed  in  the  case  of  e\ery  ray  whose  curvature 
is  to  be  compared  with  that  of  any  other.  Still,  as  both  Professor  Purser  arid  the 
author  thought  at  the  time,  the  investigation  made  the  physical  conclusion  as  to 
level  rays  seem  highly  probable;  since,  if  it  proves,  as  it  seema  to  do,  that  a  ray  of 
light  descending  obliquely  must  move  along  a  certain  curved  path,  and  that  the 
curvature  must  increase  as  the  inclination  approaches  towards  horizontal! ty,  and 
also  that  the  rate  of  change  of  curvature  with  change  of  inclination  approaches 
towards  zero  as  the  inclination  approaches  towards  horizontality,  it  must  follow  that 
a  ray  of  light  passing  exactly  level  will  be  bent  with  the  same  curvature  as  one  in- 
finitely nearly  level. 

Several  years  later  (in  February  1 870)  a  new  investigation  occurred  to  the  author 
of  the  present  paper.  The  now  one  is  much  simpler.,  and  it  is  more  general,  and  its 
reasoning  holds  good  alike  for  level  as  for  inclined  rays.  In  fact  the  previous 
investigation,  founded  on  the  ratio  of  the  sines  of  angles  of  incidence  and  refraction, 
and  therefore  in  principle  having  no  direct  applicability  to  level  rays,  conies,  when 
considered  in  connexion  with  the  new  one,  to  be  a  case  of  this  more  general  one, 
seeing  that  under  the  undulatory  theory  of  light  the  proportionality  of  the  sines  of 
the  angles  of  incidence  and  refraction  is  not  an  ultimate  fact  or  principle,  but  a 
consequence  of  retardation  of  the  velocity  of  light  in  the  denser  medium.  In  the 
new  investigation  which  will  now  bo  submitted  the  retardation  of  the  velocity  of 
light  in  tho  denser  medium  is  taken  as  the  basis  of  the  reasoning. 

Let  M  N  and  O  P  be  two  level  surfaces  in  the  atmosphere,  and  let  each  of  these 
be  supposed  to  pass  through  air  of  uniform  density  throughout  each  of  them.  They 
may  be  conceived  to  be  at  a  very  small  distance  apart, 
and  then  obviously  a  ray  in  descending  obliquely  irom 
one  to  the  other  will  alter  its  curvature  only  by  a  very 
slight  amount, 

Tho  fundamental  assumptions  on  which  the  investi- 
gation will  be  based  are  the  following  three : — • 

(1)  It  is  assumed  that  the  light  at  A  has  a  certain 
velocity,  which  maybe  called  t\,  and  that  tho  light  at  li, 
where  the  air  is  denser,  has  a  smaller  velocity,  which 
may  be  called  i\2. 

(2)  It  is  assumed  that  those  velocities  are  constant 
for  all  inclinations  of  the  ray  of  light ;  or,  in  other  words, 
that  the  velocity  of  the  ray  of  light  is  independent  of  tho 
inclination  of  the  ray  to  the  horizontal  strata  of  the  air. 

(3)  It  is  assumed  that  the  direction  of  the  light  is  per- 
pendicular to  tho  wave  front,  or  that  a  surface  taken 
crossing  every  ray  in  a  pencil  of  rays  perpendicularly. 
and  then  conceived  to  advance  along  the  course,  of  each 
ray  with  the  velocity  of  that  ray,  will  continue  to  cross 
every  ray  perpendicularly. 

Now  let  A  B  and  0  D  be  two  successive  positions,  indefinitely  near  to  each  other, 
of  the  advancing  front  of  a  ray  or  pencil  of  light  whose  direction  of  advance  is  in- 
dicated by  tho  hues  EA  and  Fli,  and  by  the  arrows  IJ  in  tho  tigure,  the  direction 
at  all  points  of  AB  being  normal  to  the  plane  represented  by  All  Let  the  incli- 
nation of  AB  to  tho  vertical  lino  BII  bo  denoted  by  0,  which  will  then  also  denote 
the  inclination  of  the  ray  to  the  horizon.  Let  the  thickness  of  the  lamina  of  air 
from  M  N  to  0  P  be  denoted  by  A,  or  let  B II  in  the  figure  be  denoted  by  A, 
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The  lengths  AC  and  BD  have  to  one  another  the  same  ratio  as  the  velocities  of 
light  at  A  and  B  respectively  j  or 

AC  :  BD  ::  v,  :  t>a. 

If  AB  and  C  D  be  produced  till  they  meet  in  G,  the  length  G  A  is  the  radius  of 
curvature  of  the  ray  at  A.  Let  this  radius  be  denoted  by  r.  Then,  since  A  B  is 
=sXsec#;  we  have  obviously 

Vi~v2  :  7\  '•  :  ^  seed  :  r. 

Hence  curvature  or  —  =  ^  ~~  v'2 .  cos  0, 

or  curvature  oc  costf;  which  shows  that  the  curvature  is  a  maximum  when  0  =  0, 
that  is,  when  the  ray  is  level,  and  that  the,  curvature  diminishes  to  zero  as  the  ray 
becomes  vertical. 

The  result  here  brought  out,   L  =  r*r~7j..  cos  #, 

is  perfectly  in  agreement  with  that  arrived  at  in  the  previous  investigation  of  Prof. 
Purser,  namely  -  =  ?—.  sin  /,  seeing  that  sin  i  is  =cos#,  and  that,  according  to 


7* 


. 

the  undulatory  theory  of  light  as  confirmed  by  experimental  proofs,  it  is  known 
that  i\  :  v2  :  :  /*  :  1,  so  that-l^-?  must  be  equal  to  ^—  .  The  new  method  has 

however,  the  advantage  of  quite  clearing  away  the  perplexity  involved  in  the  other 
by  the  collapse  of  the  reasoning  when  brought  to  the  extreme  case  of  tlio  level  ray. 
In  the  new  method  no  such  collapse  occurs  ;  and,  in  fact,  the  new  method  shows 
clearly  how  the  real  fundamental  principle  (that  of  retardation  of  velocity  in  the 
denser  medium,  on  which  the  bending  depends,  and  which  holds  good  quite  as  much 
for  level  rays  as  for  any  others)  is  allowed  in  the  previous  investigation  gradually  to 
fade  out  of*  the  reasoning,  till,  in  the  case  of  the  level  ray,  it  has  absolutely  vanished 
from  the  conditions  which  were  taken  into  account.  The  previous  method,  like  the 
modes  of  considering  the  subject  of  atmospheric  bending  of  rays  which  appear  to 
have  been  most  generally  entertained  hitherto,  took  a  consequence  of  the  important 
fundamental  principle  into  account  instead  of  the  principle  itself  (that  consequence 
being  the  proportionality  of  sines  of  angles  of  incidence  and  refraction  in  case  of 
oblique  transition  of  light  from  one  lamina  to  another  of  di  ilerent  density)  ;  but  that 
consequence  happens  to  be  not  so  general  as  the  principle  from  which  it  follows,  and 
to  be  one  which  Becomes  nugatory  or  non-existent  in  the  case  of  the  level  ray. 

In  concluding,  the  author  wishes  to  state  that  it  seemed  to  him  rather  unlikely 
that  so  simple  a  view  of  the  influence  of  the  atmosphere  in  ellecting  the  bending  of 
rays  of  light  as  that  which  he  has  now  ottered  could  be  quite  new.  He  thought 
that  others  better  acquainted  with  the  science  of  li<;lit  than  he  is  must  most  probably 
have  entertained  the  same  or  similar  views,  lie  lias  therefore  made  inquiries  as  to 
the-  views  which  have  hitherto  been  put  forward  regarding  the  bending  of  light  in 
the  atmosphere  and  in  other  mediums  of  continuously  variable  index  of  refraction, 
or,  as  they  may  be  better  considered  in  the  present  investigation,  mediums 
of  continuously  varying  light-velocity*.  JMnch  has  been  written  on  the  sub- 
ject in  general,  and  on  various  particular  cases  of  its  application;  and  views 
very  similar  in  -principle  with  those  here  ottered  appear  in  various  ways  to 
have  been  entertained,  or  implied  more  or  less  explicitly  ;  but  he  has  not  learned 
of  anything  having  been  taught  which  has  anticipated  the  treatment  of  the  subject 
at  present  ottered  so  as  to  deprive  it  altogether  of  novelty  and  interest.  The  subject, 
ho  believes,  has  been  very  generally  considered  under  imperfect  views  ;  andhe'will 
think  a  good  result  will  have  ensued  if  his  drawing  the  attention  of  the  British 
Association  to  it  will  serve  to  elicit  from  others  notice  of  the  best  views  that  have 
hitherto  either  been  fully  published,  or  have  been  entertained  or  discussed  without 
complete  publication. 

POSTSCRIPT.  —  From  Professor  Clerk  Maxwell  I  have  learned  that,  in  December 
18/51  or  18-52,  when  on  a  visit  to  my  brother,  Sir  William  Thomson,  ho  had  in  Ids 

*  —  might  be  called  the  index  of  light-  velocity. 
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mind  the  consideration  of  tlie  path  of  rays  in  a  medium  of  continuously  variable 
index  of  refraction  ;  that  he  then  thought  it  easiest  to  calculate  the  path  of  the 
ray  by  translating  the  problem  into  the  emission  theory,  and  treating  the  ray  as  a 
moving  body  acted  on  by  a  force  depending  on  the  variation  of  the  index  of  refrac- 
tion, and  so  proceeding  by  an  artifice  justifiable  on  the  ground  that  the  emission 
and  undulation  theories  are  mutually  equivalent  in  respect  to  the  course  of  rays 
when  the  proper  alterations  of  the  hypotheses  are  made  ;  and  that  my  brother 
showed  him,  on  the  other  hand,  how  easy  it  is  to  begin  with  the  right  hypothesis 
by  making  the  velocity  inversely  proportional  to  //,  and  calculating  the  change  of 
wave-front. 

Professor  Maxwell,  in  1853,  sent  to  the  f  Cambridge  and  Dublin  Mathematical 
Journal'  a  problem  about  the  path  of  a  ray  in  a  medium  in  which 


whore  jU0  and  a  are  constant,  and  r  is  the  distance  from  a  fixed  point,  Buch  rays, 
he  points  out,  move  in  circles.  This  problem,  he  mentions,  was  intended  to  illus- 
trate the  fact  that  the  principal  focal  length  of  the  crystalline  LMIS  of  the  eye  is 
very  much  shorter  than  anatomists  calculate  it,  from  the  curvature  of  its  surface  and 
the  index  of  refraction  of  its  substance,  The  reason,  he  shows,  is  the  increase  of 
density  towards  the  centre  of  the  lens,  so  that  the  rays  pass  nearly  t  tiigentially 
through  a  place  where  the  density  is  varying.  Also,  in  the  Cambridge  Examina- 
tions for  1870,  Prof.  Maxwell  set  a  question  about  tlio  conditions  of  a  horizontal 
ray  of  light  having  a  greater  curvature  than  that  of  the  earth.  A  great  deal,  he 
says,  has  been  written  about  atmospheric  refraction  by  Bi\s^el,  Clairaut,  and  others  ; 
and  a  question  has  been  set  on  it  in  January  of  every  year  at  Cambridge  for  several 
years  back,  so  that  the  subject  has  been  much  discussed  in  various  ways  ;  but,  ho 
says,  the  mode  of  treatment  of  the  subject  in  the  present  paper  does  not  seem  to 
have  been  anticipated.  —  J.  THOMSON. 


On  a  Phenomenon  connected  with  Diffraction.    By  T.  OGIEB  "\VARD,  J/.7). 

The  author  has  observed  that  when  he  stands  at  sunset  on  a  hill  at  such  a  dis- 
tance from  another  hill  that  his  shadow  reaches  its  vanishin^-point  before  arriving 
at  it,  instead  of  a  shadow  there  is  diffused  lij^ht,  due  to  di  (Traction,  more  or  less  in 
extent-  in  proportion  to  the  distance,  and  that  this  lii>ht  does  not  disappear  until 
the  observer  has  descended  '22°  into  the  shadow  of  the  hill,  He  throws  out  the 
supposition  that  the  bright  sky  "2'2Q  round  the  sun  has  a  similar  power  to  produce 
ditiraetion,  and  asks  whether  the  sun's  corona  cmi  be  merely  this  diilVacted  light, 
and  suggests  that  during  the  progress  of  an  annular  eclipse  the  unshadowed  portions 
of  the  earth  ought  to  receive  an  extra  portion  of  light  from  the  diilracted  light  sur- 
rounding the  shadow  of  the  moon. 


On  the  In^ortance  of  the  frilts  of  Uranium  -in 
]}\j  Colonel  SirAirr  Wourr.KY. 

The  groat  advantage  of  obtaining  photographic  negatives  by  means  of  a  sensitive 
emulsion  in  lieu  of  using  the  collodion  and  buth  separately  is  beginning  to  be  gene- 
rally recognized  bv  those  who  take  an  interest  in  the  advance  of  scientific  photo- 
graphy. The  advantages  obtained  by  this  met  hod  of  working  are,  Jirst,  that  the 
condition  of  one  substance  alone,  A  i-/.  the  sensitive  emulsion,  lias  to  be  considered  ; 
and,  s.'conrlly,  that  a  greater  degree  of  sennit  neuess  can  be  obtained  than  by  the 
bath  process. 

In  order  to  obtain  this  exalted  degree  of  sensitiveness  with  an  emulsion  it  is  no- 
cos^arv,  after  the  formation  of  a  certain  amount  of  bromide  of  silver,  to  saturate  the 
emulsion  with  as  much  free  nitrate  of  siher  as  it  will  hold  in  solution.  This  prin- 
ciple has  been  recognized  by  nil  the  most  advanced  workers  since  the  author  first  drew 
attention  to  such  conditions  beiim%  required  in  a  paper  read  before  the  London 
1S7^.  "  5 
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Photographic  Society  in  Juno  of  last  year.  But  one  difficulty  opposed  itself  to  the 
obtaining  of  good  results  with  certainty — the  difficulty  of  controlling  the  excess  of 
nitrate  of  silver  from  lapsing  into  an  over-sensitive  state,  and  thus  causing  what  in 
photographic parlan ce  is  called  "fog." 

To  remedy  this  state  of  things,  and  to  have  the  power  of  producing  a  sensitive 
emulsion  that  shall  keep  for  months  in  perfect  working  order,  Iby  adding  something 
to  the  emulsion  that  shall  exercise  a  controlling  power  over  the  free  nitrate  of  silver, 
was  the  problem  which  the  author  set  himself  to  work  out,  and  he  has  been  fortu- 
nate enough  to  achieve  a  complete  success. 

The  author  had  been  familiar  with  the  fact  that  a  mixture  of  the  nitrates  of  silver 
and  uranium  in  solution  would  retain  for  years  their  sensitiveness  to  light  without 
theirgood  qualities  being  in  any  way  impaired;  and  it  occurred  to  him  that  the  addition 
of  the  nitrate  of  another  metal  to  that  of  silver  in  the  sensitive  bromizc'd  emulsion 
would  give  us  the  power  which  we  wanted  of  being  able  to  keep  a  large  excess  of 
nitrate  of  silver  from  the  decomposition  which  apparently  resulted  in  fog. 

Jn  order  to  make  an  emulsion  collodion  which  shall  have  an  exalted  sensitiveness, 
and  which  shall  retain  all  its  excellencies  unimpaired  for  months,  the  author  has, 
after  forming  therein  a  certain  amount  of  bromide  of  aih  er,  add  the  nitrates  of  silver 
and  uranium  together  to  the  emulsion  in  certain  definite  proportions.  The  result 
is  the  formation  of  a  highly  sensitive  mixture  in  which  no  change  whatever  occurs 
for  a  period  of  certainly  three  months  ;  and  this  result  cannot  be  obtained  by  any 
means  other,  so  far  as  ho  is  aware,  than  by  the  addition  of  the  nitrate  of  another 
metal.  The  author  1ms  tried  various  other  nitrates  with  perfect  success,  but  has 
selected  and  recommended  the  nitrate  of  uranium  as  having,  on  the  whole,  greater 
advantages  than  any  other  nitrate  with  which  he  is  acquainted. 

This  sensitive  emulsion  is  also  of  very  great  value  for  the  preparation  of  sensitive 
photographic  films  to  be,  used  in  a  dry  state.  These  films,  prepared  with  a  collodion 
containing  bromide  and  excess  of  nitrate  of  silver  (the  latter  being  controlled  by 
the  presence  of  nitrate  of  uranium),  can  now  bo  prepared  with  certainty  to  have  a 
sensitiveness  equal  to  the  best  wet  collodion  sensiti/ed  in  a  bath  ;  and  the  use  of 
nitrate  of  uranium  gives  them  the  extraordinary  advantage  of  retaining1  their  ex- 
quisite sensitiveness  unimpaired  for  any  reasonable  time:  and  they  wilfbear  after 
light  has  impressed  a  picture  upon  them  tho  delay  of  months  previous  to  the  deve- 
lopment of  the  invisible  impression. 

It  is  with  the  special  object  of  pointing  out  how  important  to  tho  cause 
of  science  in  distant  lands  such  photographic  dry  plates  may  become  that  the 
author  introduced  tho  subject,  as  he  cannot  but  feel  that  if  naturalists,  geo- 
logists, and  botanists  in  distant  lands  can  secure  records  from  day  to  day  on  sensi- 
tive photographic  plates  which  need  not  be  developed  till  they'rotunTfrom  their 
expedition,  a  new  power  will  be  placed  in  the  hands  of  scientific  tra^  ellers  of  which, 
he  thinks,  they  will  not  be  slow  to  avail  themselves. 

Tho  author  is  enabled  to  speak  with  great  confidence  on  this  point,  having  himself 
exposed  some  of  these  sonsitno  dry  films  iu  the  beginning  of  May  of  this  year,  and 
which  have  only  now  (the  middle  of  August)  had  the  latent*  image  developed, 
and  that  without  any  deterioration  whatever. 

As,  moreover,  dry  films  prepared  according  to  tho  manner  the  author  has  indicated 
appear  to  be  entirely  unailected  by  great  heat,  they  will  bo  of  value  in  explorations 
in  tropical  countries,  where  any  other  known  method  of  photography  would  be  a 
great  difficulty,  if  not  a  real  impossibility. 


On  the  Velocity  of  Light  in  the  Chemical  Elements,  and  on  their  Crystalline 
Form.     By  Ch.  V.  ZENGEJI,  Professor  in  the  Polytechnic  School  in  Prague. 

The  theory  of  vibratory  motion  is  in  strict  accord  with  experiment  in  the  case 
of  sound  and  its  propagation.  It  was  from  tho  analogy  between  light  and  sound  that 
physicists  ascribed  the  same  laws  of  motion  to  both,  representing  their  velocities 
py  the  same  equation, 


TRANSACTION'S  OF  THE  SECTION'S.  47 

e  being  the  elasticity  and  d  the  density  of  luminous  ether  ;  but  there  were  no 
means  of  giving  a  physical  and  numerical  interpretation  of  the  elasticity  and  density 
of  ether  in  certain  refracting  media. 

The  index  of  refraction  n  is,  according  to  the  law  of  Brewster,  equal  to  the  tan- 
gent of  the  angle  of  polarization-maximum  /3  ;  hence 


Conceiving  the  luminous  phenomena  as  produced  by  molecular  vibrations,  the 
density  of  the  luminous  ether  must  bo  represented  by  the  density  or  distance  of 
atoms  (r),  or  be  a  function  of  it,  viz. 

,;=/(,-). 

It  is  a  fact,  confirmed  by  various  experiments,  that  by  mechanical  pressure,  by 
unequal  heating,  and  by  other  means  augmenting  or  diminishing  the  distance  of 
atoms,  the  velocity  of  light  undorgoos  a  sensible  change,  isotropical  refractive  media 
becoming  even  doubly  refracting.  This  confirms  the  supposition  that  the  velocity 
of  light  is  in  connexion  with  the  atomic  distances. 

It  is  obvious  that  there  can  be  no  groat  difference  of  elasticity  in  the  case  of  a  more 
rapid  vibratory  motion  than  heat  is;  and  if  wo  suppose  the  elasticity  of  atoms  to  be 
the  same  in  both  cases  for  the  propagation  of  light  and  bout,  there  can  be  no  essential 
error  in  that  hypothesis  as  to  the  value;  or  amount  of  elasticity.  Supposing,  therefore, 
elasticity  of  atoms  to  be  proportional  to,  or  identical  with,  the  specific  heat  for  light 
and  heat,  we  get 


whore  .s  denotes  the  specific  hoat  of  the  chemical  element,  r  the  velocity,  and  n  the 
index  of  refraction  of  light. 

As  to  the  form  of  tho  function  r,  the  simplest  supposition  may  be  tried;  putting 
therefore 

/(>•)='-, 

we  have  to  try  the  accordance  of  that  supposition  with  the  data  of  observation  in 
the  equation 


According  to  the  law  of  Dulong  and  Petit,  the  product  of  atomic  weight  m  and  of 
specific  heat  s  is  a  constant, 

Hence  we  get,  if  w  denotes  the  specific  weight, 

1         HI* 


or  1  WJ 

M=  -  =  C  .  —  . 

V  W« 

The  specific  heats  and  densities  of  chemical  elements  are  referred  to  water  as  unit, 
but  the  atomic  weight  w  commonly  to  hydrogen  as  unit. 

Dividing,  therefore,  the  atomic  weight  by  the  weight  of  water,  110=9,  it  ig 
brought  to  the  same  unit  as  the  specific  heat  and  the  specific  weight  tr. 

We  obtain  thus 

1      Cm* 


log  w=log  C-f  1(4  log  m-log  w-log  0), 
log  n  as  0-5795202  -l-f-J  log  ?»—-  J-  log  w. 
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If  the  crystalline  system  is  not  regular,  as  in  case  of  sulphur,  the  density  must  be 
different  in  the  direction  of  three  axes,  and  may  be  calculated  by  the  proportion, 


. 

a,  ft,  y  being  the  indices  of  refraction,  dlt  d^  d±  the  densities  in  the  direction  of  the 
optical  axis. 

Table  of  Indices  of  Refraction  of  Elements. 


Observed. 

Calculated. 

Angle  of  Pol.  Max. 

Observed. 

Calculated. 

<*>     i 

o        / 

Phosphorus  

2-1050 

2-1865 

07  30 

04  55 

Sulphur  

J  2-22143 
|  2-115 

|   2-1404 

G3  45 

04  57 

Diamond  

J  2-400(52 
J2-51125 

1   2-5(520 

(68     1) 
107  30  j 

08  40 

Graphite  

jfJJ           [   2-2770 

05  5(3 

GO  13 

Silicium  diamonds 

3-730        i      3-0000 

i 

As  Carbon-   ) 

Boron  diamonds  < 

diamond      >   2-5140 

( 

(Wnhlcr).     \ 

Mercury  

1^53    f     1      ^45 

70  18-5 

70  20 

Silver  .  .  .  

3-0808 

3  '(5(527 

74  40 

74  43 

Gold     

4  0450 

78  34 

Copper     

2  --52(55 

2-0414 

(58  24 

00  10 

Zinc  

J  3  0045  [ 
|  2-8050  f 

2-7833 

71  51 

70  14 

Crystalline  Forms  of  Elements. 


Observed. 

Calculated. 

Observed. 

Calculated. 

Bismuth  

0         / 

87  40 

0           / 

88     7-0 

1     1  -3035 

1     1-3208 

Antimony  
Tellurium  
Arsenic  

87  35 
80  57 
85    4 

80  57-3 
87  12-0 
84  30-1) 

1     1  -30(58 
1     1  -:WJ)8 
1     ]  -4025 

1     1-3327 
1     1-3:202 
1     1-4403 

Sulphur  

100  58 

107  44-0 

1-21  •  1  :  0'02 

HEAT. 

On  a  Condition  affectiny  the  Spheroidal  State  of  Liquids,  and  its  probable, 
effect  on  certain  Boiler-Exj^losloivs.     By  W.  F,  BAKKETT. 


On  the  General  Oceanic  Thermal  Circulation. 

I).  CAUPEXTDR,  M.D.,  LL.D,,  F.lt.S. 


The  object  of  this  communication  was  to  bring  under  discussion  the  question 
•whether  the  difference  of  Temperature  between  Polar  and  K^uatorial  Seas  con- 
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etitutes  a  wra  rauw  adequate  to  maintain  the  Vertical  Circulation  advocated  by  the 
Author.  The /<ff fa  of  the  caso,  as  determined  by  recent  Deep-sea  Temperature 
observa!ions,niade  for  the  most  part  with  Thermometers  protected  against  pressure, 
are  as  follows : — 

1.  In  high  Northern  Latitudes  the  temperature  of  tlie  surface  of  the  Sea,  near  the 
border  of  tho  Ice-barrier,  is  but  little  abo\e  W  F. ;  and  at*  small  depths  below  the 
surface,  according  to  the  recent  observations  of  Payer  and  Weyprecht,  it  falls  below 
32°.    Making  allowance  for  the  known  influence  of  pressure  upon  the  thermometers 
with  which  temperature-obscivntions  at  great  depths  have  been  made  in  these 
regions,  there  is  every  reason  to  believe  that — save  in.  cases  in  which  the  tempera- 
ture of  the  upper  .stratum  may  be  modilied  by  local  causes — there  is  a  progressive 
descent  from  .'J2°  to  29°  or  even  lower ;  w>  that  tins  average  temperature  of  the  entire 
column  of  Polar  Water  may  be  considered  to  be  not  above  ,'50°. 

2.  In  lower  Latitudes  the  temperature  of  tbo  surface  of  the  Sea  is  greatly  influ- 
enced by  Solar  radiation ;  but  the  superheating  thus  produced  does  not  generally 
extend  in  a  marked  degree  much  below  100  fathoms.     Heneath  this  is.a  stratum  of 
which  the  temperature  may  be  said  to  range  from  about  52G  to  4~>*  in  all  but  the 
highest  Latitudes;  but  the  depth  of  this  stratum  \arie.s  considerably,  being  about 
400  fathoms  near  the  Faroe  JJanks,  about  700  fathoms  oil'  the  coast  of  Portugal, 
and  1000  or  1200  fathoms  nearer  the  Equator. 

3.  Beneath  this  stratum  is  a  "stratum  of  intermixture/'  in  which  the  Thermo- 
m^ter  falls  rapidly, — sometimes  ft-*  much  as  10°  in  200  fathoms ;  and  below  this  the 
temperature,  a^ain  becomes  more  uniform,  sinking  M.TV  gradually  from  oOc  or  38L  to 
35°  or  even  to  ;*2°,  at  depths  of  moiv  than  2000  fathoms,  e\en  under  the  Equator. 

4.  Thus  tho  Iiitertropieal  column  may  be  regarded  as  consisting  of: — (1 )  a  M//MV- 
licatcd  stratum i  of  which  the  temperature  ranges  from  Ht°  at  the  surface  to  52°  at 
200  fathoms;  ('2)  an  upper  warm  stratum  of  (say)  1000  fathoms  depth,  of  which 
tho  temperature  ranges  from  52°  to  1*V  ;  (.">)  a  stratum  of  intermixture  of  about  200 
fathoms  depth,  in  which  the  thermometer  falls  from  45°  to  1)1)° ;  and  (4)  of  a  cold 
stratum,  occupying  the,  whole  of  the  deeper  portion  of  the  great  Oceanic  basins 
beneath  1400  fathoms,  its  temperature  falling  \\iili  increase  of  depth,  so  that  in  its 
deepest  portion  the  thermometer  has  been  seen  as  low  as  02  \     The  areraye  of  the 
entire  column  may  thus  be  about  4»V>. 

Now  as  jSprt-water  progressively  diminishes  in  bulk  and  increases  in  specific 
gravity  down  to  its  freezing-point,  it  is  maintained  by  the  Author  that,  supposing 
the  Polar  and  Intertropical  columns  to  be  equal  in  height,  the  excess  of  weight  in 
the  former  will  produce  a  lateral  pressure  at  its  lower  portion,  which  will  occasion 
an  outflow  of  Polar  Water  along  tho  floor  of  the  ocean  towards  tho  Equator;  this 
deep  outflow,  by  lowering  the  surface,  will  produce  an  indraught  of  water  into  the 
Polar  area,  which,  in  its  turn,  will  acquire  by  cooling  the  same  excess  of  Specific 
(iravity,  thus  producing  a  continual  downward  movement;  whilst,  on  the  other 
hand,  the  cold  out  How,  being  subject  to  the  heating  influence  of  the  crust  of  the 
Earth  beneath  and  of  the  warmer  water  above,  \\iilbe  gradually  thinned  as  it 
passes  towards  the  Equator,  so  as  to  lie  at  a  greater  and  greater  depth  beneath  the 
surface.  As  the  continual  deep  outflow  of  Polar  Water  will  produce  a  superficial 
indraught  into  the  Polar  area,  and  must  ultimately  deme  its  supply  from  the  sur- 
face of"  the  Intertropieal  sea,  there  will  be  a  continual  movement  of  the  upper 
stratum  from  the  Intertvopieal  towards  the  Polar  area ;  and  as  the  la«t-arrived 
Polar  Water  will  always  bo  colder  than  that  which  preceded  it,  the  former  will 
take  its  place  beneath  the  latter,  so  that  there  will  be  a  continual  upward  movement 
of  tho  water  in  the  Intertropical  area.  Of  this  upward  movement  of  colder  water 
from  below,  a  very  curious  indication  has  lately  been  obtained  in  the  fact  that  off 
the  West  Coast  of  Africa  the  temperature  of 'the  Sea  at  200  fathoms  is  about  6° 
lower  over  a  bottom  deep  enough  to  be  covered  by  the  Polar  outflow,  than  it  is 
over  a  bottom  of  only  700  or  800  fathoms  depth. 

The  doctrine  of  a'  Vertical  Circulation  advocated  by  tho  Author  was  long  since 
suggested  by  Pouillet  as  the  best  explanation  of  the  facts  then  known  in  regard  to 
Ocean-temperature ;  but  was  put  aside  through  the  general  acceptance  of  the  doc- 
trine of  a  uniform  Deep-sea  temperature  of  o9£°  F.,  which  was  supposed  to  have 
"been  established  by  Sir  James  Ross's  observations,  and  which  was  adopted  and 
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promulgated  by  Sir  John  Herschel.  The  corrections  supplied  by  more  recent  and 
trustworthy  observations  have  afforded  a  now  set  of  data ;  on  the  basis  of  which  it 
has  been  argued  by  the  Author  that  such  a  Circulation  must  necessarily  take  place 
under  the  conditions  above  specified,  and  that  it  gives  an  adequate  scientific  ratio- 
nale for  the  facts  determined  by  observation. 

This  view,  however,  though  accepted  by  Sir  John  Ilerschel  shortly  before  his 
death,  has  been  contested  by  Mr.  James  Croll;  but  his  argument  is  directed, 
not  against  the  doctrine  advocated  by  the  Author,  but  against  a  doctrine  set  up  by 
himself.  Instead  of  regarding  the  level  of  the  Polar  and  Equatorial  columns  as  the 
same,  and  considering  what  will  be  the  effect  of  their  difference  of  gravity,  he 
estimates  the  difference  of  level  which  would  be  produced  by  the  elevation  of  the 
average  temperature  of  a  column  of  Polar  water  to  the  average  temperature  of  a 
column  of  Equatorial  water  of  the  same  height,  and  then  calculates  on  this  basis 
the  gradient  which  the  surfaco  of  the  sea  would  possess  along  the  quadrant.  This 
gradient  being  far  .smaller  than  that  which  experiment  has  shown  to  be  necessary 
to  produce  a  sensible  flow  of  water  over  a  solid  surface,  it  is  assumed  by  Mr.  Croll 
that  this  difference  of  level  will  be  constantly  maintained,  and  that  the  weights  of 
the  two  columns  will  remain  equal;  so  that  there  will  be  no  such  disturbance  of 
equilibrium  by  the  constantly  renewed  action  of  Polar  Cold,  as  the  Author  has 
maintained. 

But  it  appears  to  him  that  Mr.  Croll,  (1)  in  assuming  that  such  a  difference  of 
level  will  constantly  persist,  disregards  that  fundamental  principle  of  Physics  which 
teaches  that  fluids  will  always  tend  to  uniformity  of  level ;  and  that  (2)  in  relying 
upon  experiments  which  relate  to  the  movement  of  Water  over  solid  surfaces^  ho 
commits  the  grave  error  of  ignoring  the  fact  that,  as  shown  in  the  semidiurnal 
passage  of  the  Tide-wave,  sensible  movements  of  water  upon  water  are  producible 
by  a  force  that  bears  a  far  smaller  proportion  to  that  of  Gravity  than  that  which  is 
assumed  by  him  to  be  requisite.  On  the  other  hand,  Mr.  Croll  does  not  attempt 
to  show  how  the  almost  Polar  coldness  of  the  Deep-Sea  bottom,  even  under  the 
Equator,  can  be  constantly  maintained,  except  by  a  continual  flow  of  Polar  water 
from  the  Polar  to  the  Equatorial  area  ;  nor  does  he  show  how  it  happens  that  a 
disturbance  of  Thermal  Equilibrium  which  must  be  constantly  undergoing  renewal 
can  be  without  its  effect  in  producing  such  a  continual  movement  of  Ocean-Water 
as  takes  place  in  all  collections  of  fluid  that  arc  unequally  heated.  The  primuni 
mobile  of  the  Circulation  advocated  by  the  Author  is  Cold,  which,  when  applied  to 
the  surface,  seems  to  him  precisely  the  equivalent  of  Ifeat  applied  to  the  bottom, — 
as  in  the  ordinary  apparatus  for  warming  buildings  by  hot  water. 

If  Cold  were  continuously  applied  to  a  portion  of  the  surface  of  any  collection 
of  Water,  however  large,  and  the  liquid  were  not  warmed  again  elsewhere,  either 
by  conduction  or  radiation,  the  effect  of  such  Cold  would  be  to  produce  movements  in 
the  liquid,  by  which  the  whole  of  it  would  be  at  last  reduced  to  a  low  uniform  tempe- 
rature-, when  all  movement  would  cease.  But  if,  while  Cold  is  continuously  applied 
at  one  part,  Pleat  is  continuously  applied  at  another,  it  is  submitted  that  a  Vertical 
Circulation  must  be  produced,  which  will  be  kept  up  as  long  as  these  antagonistic 
conditions  are  maintained. 

The  Author,  not  claiming  more  for  himself  than  the  abilitv  to  apply  the  Elemen- 
tary principles  of  Physics  under  the  guidance  of  Educated  Common  Sense,  submits 
the  foregoing  to  the  consideration  of  the  distinguished  Mathematicians  and  Physi- 
cists of  Section  A;  who  are  much  better  judges  than  he  can  be  of  the  soundness  of 
his  views,  and  of  the  validity  of  the  objections  raised  by  Mr.  Croll. 


On  Recent  Estimates  of  Solar  Temperature.     By  JAMES  DEWAE,  FJ1.8.E. 

After  referring  to  the  recent  discussion  on  the  temperature  of  the  sun,  in  which 
Secchi,  Zollner,  Vicare,  Deville,  and  Ericsson  have  taken  part,  the  author  proceeds 
to  group  all  the  known  methods  of  arriving  at  a  knowledge  of  high  temperatures 
under  eiffht  different  processes.  The  following  Table  gives  the  names  of  the  phy- 
sicists who  have  specially  employed  each  process,  together  with  the  principle  on 
which  it  is  founded  :-=-* 
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(1)  Guyton  and  Daniell,  Prinsep,  &c.— Expansion  of  Solids  and  Gases. 

(2)  Draper. — Retrongibility  of  Light. 

(3)  Clement  and  Desormes,  Deville. — Specific  Heat. 

(4)  Becquerel,  Siemens. — Thermo-electricity  and  Electric  Conductivity. 

(5)  Bunsen,  Xtillner. — Explosive  Power  of  uases. 

(ft)  Newton,  "VVaterston,  Ericsson,  Secohi. — Radiation. 

(7)  Thomson,  Ilelmholtz. — Mechanical  Equivalent  of  Heat. 

(8)  Deville  Debray. — Dissociation. 

After  treating1  of  the  great  disparity  of  opinion  regarding  the  temperature  of  the 
sun,  the  author  proceeds  to  detail  how  it  is  possible,  from  the  known  luminous 
intensity  of  the  sun,  to  derive  a  new  estimate  of  solar  temperature.  This  calculation 
is  based  on  a  definite  law  relating-  to  temperature  and  luminosity  in  the  case  of  solids, 
viz.  the  total  luminous  intensity  is  a  parabolic  function  of  the  temperature  abovo 
that  temperature  where  all  kinds  of  luminous  rays  occur  ;  so  that  it'T  is  a  Certain 
initial  temperature,  and  I  its  luminous  intensity,  a  a  certain  increment  of  temperature, 
then  we  have  the  following  relation : — 

T+w(rt)=/i"I. 

The  temperature  T  is  sohiyh  as  to  include  all  kinds  of  luminous  rays.  viz.  $J!K)9  C., 
and  the  increment  a  is  4(>°  C.  This  formula  expresses  well  the,  results  of  Draper, 
and  his  numbers  are  used  as  a  first  approximation.  It  results  from  the  abovo 
equation  thai,  at  a  temperature  of  1MOO '  C.,  tho  total  luminous  intensity  will  bo  900 
times  that  winch  it  was  at  1037°  C.  Now  the  temperature  of  the  oxyhydropfen 
iiame  does  not  exceed  V  400°  C.,  and  we  know  from  Fizeau  ami  Foucault's  experiments 
that  sunlight  has  loO  times  the  luminous  intensity  oi  the  lime-light ;  so  that  wo 
only  require  to  calculate  at  what  temperature  this  intensity  if  reached  in  order  to 
#et  the  solar  temperature.  This  temperature  is  HJOOO0  (\,  in  round  numbers. 
Enormously  high  temperatures  are  not  required,  therefore,  to  produce  great  luminous 
intensities,  and  the  temperature  of  the  sun  need  not,  at  least,  exceed  the  above 
number.  vSir  William  Thomson,  in  his  celebrated  article,  "  On  the  Ago  of  the  Sun'a 
TTeat,"  says,  "  Ft  is  almost  certain  that  the  sun's  mean  temperature  is  e^en  now  as 
hijrh  as  14000°  0. ; "  and  this  is  the  estimate  with  which  tho  luminous  intensity 
calculation  agrees  well, 


On  the  Temperature  of  the,  Electric  Aj/wA.     By  JAMHS  DKWAK,  F.R.8.E. 

The  author  begins  this  paper  by  calculating  the  hin-he.st  hypothetical  tempera- 
ture that  could  be  produced  by  the  chemical  combination  of  tho  mo^t  energetic 
elements  if  all  the  heal  e\  oh  ed  could  be  thrown  into  the  product.  This  would 
not  exceed  19oOO'  C.  in  the  cabe  of  silica,  and  l.">000°  C1.  in  the  oxides  of  alu- 
minium and  nmgne-ium ;  and  these  are  the  highest  results.  Tlie  estimation  of  tho 
temperature,  of  the  electric  spark  is  ba-ed  on  the  thermal  Aalue  of  each  spark, 
together  with  the  volume  of  the  SHIIIO.  The  methods  of  ob^rvino4  tliese  quantities 
are  fully  detailed  in  the  memoir.  The  general  result  may  be  stated  thus,  the  tem- 
perature of  the  electric  spark  used  in  the  cxperiiuwits  ranged  between  10000°  C. 
and  15000J  C. 


On  the  Stresses  produced  in  an  Elastic  8olid  ?>?/  Inequalities  of  Temperature. 
By  J.  HOPKINSOX,  JJ.tic. 

Since  the  equations  of  equilibrium  and  the  equations  connecting  strains  and 
stresses  in  an  elastic  solid  are  both  linear,  tho  jn-inciple  of  superposition  holds;  and 
we  may  consider  the  ell'ect  of  each  cause  tending  to  produce  stress  as  if  none  other 
existed,  and  iiually  add  the  result  of  the  separate  causes  to  obtain  the  etlect  of  all 
acting  together. 

It  is  found  that  the  effect  of  unequal  heating  is  to  subtract  from  the  components  of 

lateral  force  X,  Y,  Z,  at  any  point,  terms  y--,  y  (j-,  y  r?  where  y  is  a  constant 


52  REPORT  —  1872. 

and  r  is  the  temperature,  ami  consequently  that  in  tho  case  of  equilibrium  of  tem- 
perature, i.  e.  where  v'"V=0;  the  known  results, 


7-  VaM  =  0, 

where  B  is  tho  dilation  at  any  point,  p  the  density,  and  u  the  displacement  parallel 
to  the  axis  of  x,  are  still  true  -}  in  fact  T  appears  as  part  of  the  potential  of  external 
forces. 

In  the  case  of  a  spherical  shell,  the  interior  of  which  is  maintained  at  one  con- 
stant temperature  and  the  exterior  at  another,  it  is  found  that  tho  stresses  are 
independent  of  the  thickness  of  the  envelope,  and  that  the  Boater  liability  of  thick 
vessels  to  break  where  the  temperature  is  maintained  different  in  the  two  surfaces 
is  due  to  the  fact  that  the  thickness  of  the  vessel  makes  it  possible  to  maintain  a 
greater  difference  between  the  surfaces,  whilst  the  general  temperatures  of  tho 
media  within  and  without  remain  the  same  as  for  tho  thin  vessel.  In  fact  the 
greater  safety  of  a  thin  vessel  lies  in  its  greater  conducting-power,  and  not  in  the 
mechanical  properties  of  its  form, 

The  principle  of  superposition  may  bo  applied  by  integration  to  the  case  of  tho 
solidification  of  a  fluid  sphere  in  shells  beginning  at  the  outside,  the  e  fleet  of  the 
solidification  of  each  infinitely  thin  shell  Jxnng  calculated,  and  the  strains  produced 
by  each  added  together  as  an  integral. 


ELECTRICITY  AND  MAGNETISM. 

Oil  DouWe  Neutral  Points  in  Thermoelectric  Currents* 
%  Prof.  P.  0.  TAIT,  F.H.8.K 


On  the  Use  of  Electromagnetic*  instead  of  Electrostatic,  Induction  in  Cal!e~ 
Signalling.  By  (T.  K.  WINTER,  F.1LA./S.,  Telegraph  Engineer,  Madras 
llaihuay. 

The  experiments  on  this  subject  were  made  by  the  author  in  ignorance  of  tho 
contents  of  Mr.  Varlej's  specification  of  1KG2.  The  sending-apparatus  being  the 
same  as  that  now  in  use,  the  currents  from  the  cable  were  made  to  pass  through  a 
long,  fine,  primary  wire  of  an  induction-coil,  and  the  induced  currents  in  the 
secondary  wiro  were  used  for  working  the  receiving-instrument.  In  long  sub- 
marine cables  the  receiving-instrument  was  a  Thomson's  galvanometer;  but  tho 
siphon  recorder  miplit  also  be  used,  The  signals  obtained  in  this  way  were 
steadier,  and  the  elements  of  the  letters  more  distinctly  formed  than  with  the 
condenser  or  electrostatic  method.  On  short  submarine  cables  and  land-lines, 
on  which  Morse's  instruments  are  used,  this  method,  though  requiring  more  battery- 
power  than  that  now  in  use,  and  necessitating  the  use  of  a  polarized  relay,  would 
almost  entirely  prevent  the  delays  caused  by  earth-currents  during  magnetic  storms ; 
and  on  long  cables  this  method,  while,  equally  with  the  condenser  method,  render- 
ing earth-currents  harmless  as  iar  as  signalling  is  concerned,  would,  besides,  cause 
the  cable  to  be  only  dynamically  instead  of  statically  charged  by  them,  and  tho 
danger  of  damage  to  the  insulator  to  be  at  least  halved  thereby. 

Since  the  paper  was  read,  the  author  has  been  informed  by  Mr.  C.  F.  Varley 
that  the  induction-coil  was  tried  by  him  as  early  as  18(51 ,  on  the'Dunwich  and  Zan- 
voort  cable.  In  18(32  he  tried  it  on  the  Dunwich  and  Zanvoort  and  tho  Lowcstoft 
and  Zanvoort  cables,  in  one  circuit  of  about  1000  nauts;  also  in  1805  upon  tho 
Atlantic  cable,  on  board  the  { Great  Eastern/  besides  many  times  on  his  artificial 
cable. 
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On  Greek  Mcteoroloyy.     By  the  Rev.  H.  A.  BOYS. 

Athens,  the  only  place  in  Greece  where,  to  the  best  of  the  author's  knowledge,  a 
meteorological  register  is  regularly  kept,  is  by  no  means  a  representative  station,  being 
more  bracing  and  dry,  hotter  in  summer,  colder  in  winter  than  any  other  place  at 
the  same  ele\  ation  in  the  kingdom.  Patras,  where  the  author,  under  considerable  diffi- 
culties, has  with  tolerable  regularity  for  nearly  two  year*  conducted  observations  of 
temperature,  rainfall,  barometer,  hydrometer,  Vind,  clouds,  and  earthquakes,  lies  on. 
the  shore  of  a  gulf  open  to  the  west,  and  more  or  le;ss  shut  in  by  mountains  on  the 
remaining  sides.  Its  climate  is  mild,  soft,  and  relaxing,  cooler  in  Hummer,  hotter 
in  winter  than  Athens.  Standing  ju.st  to  one  side  of  the  draught  through  the  nar- 
row entrance  of  the  Gulf  of  Corinth,  it  has  little  variety  in  the  direction  of  the 
winds,  which  nearly  always  turn  the  weathercocks  E.  or  W. 

13ut  of  thobo  winds  whose  direction  is  more,  or  le^s  K.,  thoro  are  three  distinct 
kinds: — -Wr$t<  a  real  X.K.,  A\  hich  blows  in  earl\  spring  and  in  summer  for  ten  or  even 
liftxen  days  together,  dropping  at  night,  "which  brings  brilliantly  clear,  dry,  cold 
weather  in  February  and  March,  and  brilliantly  clear,  dry,  hot  weather  in  the  sum- 
mer time;  it  covers  the  pools  with  a  film  of  ice  in  winter,  and  makes  even  well- 
seasoned  wood  warp  and  crack  in  Mimmer.  Second,  mi  apparently  E.  wind,  which, 
originally  proceeds  from  Africa,  and  blows  occasionally  from  October  to  June  in 
gales  which  continue  70  or  80  hours  ;  it  is  charged  with  impalpable  sand,  hiding 
the  sun  behind  a  grey  haze,  is  very  violent  and  hot,  and  painfully  dry,  bringing 
temperature  up  to  77°  even  in  March.  Tfiird,  a  local  wind  on"  a  mountain  near  the 
town,  which  sweeps  down,  at  night  usually,  in  brief  and  furious  squalls. 

The  Sirocco,  a  warm,  damp,  S.  or  S.W.wind,  brings  heavy  autumn  and  winter  raino. 

The  W.  wind,  which  divides  with  that  fir.st  mentioned  the  greater  part  of  the  year, 
is  not  remarkable  in  any  way,  but  brings  benutil'ul  weather  at  almost  any  time. 

The  Mitsfrnle,  a  fresh  N.\V.  wind,  blows  in  the  summer  time  after  rain  in  the 
Adriatic,  bringing  coolness  and  moisture  when  most  needed. 

llaitifalt.—Thal  in  Patras  dill<»rs  very  much  from  that  in  Athens,  Patras  having 
by  a  great  deal  the  larger  quantity ;  and  the  times  at  which  the  rain  falls  in  the 
two  places  have  no  more  than  a  very  general  agreement,  It  is  best  to  consider  the 
year's  rain  from  July  to  June,  and  so  to  avoid  cutting  the  rainy  season  in  two,  as 
would  be  done  by  dividing  the  year  between  December  and  January. 

It  is  hazardous  to  attempt  general  rules  from  only  two  years'  experience  j  but  the 
author  believes  the  following  will  usually  hold  good : — 

July.  No  rain. 

Aw/nxf.  A  few  light  showers;  perhaps  a  heavy  one. 

September.  At  lea>t  one  heavy  thunder-storm. 

For  the  next  four  months  frequent  thunder-storms  with  heavy  rain. 

A  spell  of  iine  weather  in  February  and  .March,  followed  by  unsettled  weather,  with 
light  rains,  until  the  end  of  April,  after  which  continuous  iine  weather  may  be  ex- 
pected, relieved  rather  than  interrupted  by  a  few  .thort  though  perhaps  heavyshowers. 

In  the  wettest  months  a  long-continued  diizzly  rain  is  a  i  are  occurrence ;  it  comes 
generally  in  short  heavy  showers,  between  which  the  sun  shines  brightly,  and  the 
roads,  Where  good,  dry  up  directly. 

Temperature. — The  author  is  inclined  to  estimate  the  average  maxima  and  minima 
for  the  several  months  as  follows: — 


Average  shade,  maximum  (Fahr.) 
„        „       minimum 
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Ice  is  rarely  seen  in  Patras,  and  snow  very  seldom.    Geraniums  continue  to 
flower  all  the  winter.    But  all  the  winter  there  ia  an  horizon  of  snow-capped 
mountain  to  the  E.  half  of  the  compass,  which  snow  is  not  entirely  gone  in  the 
middle  of  July.    The  heat  is  great  in  July  and  August:  last  summer  there  were 
twenty  days  running  when  the  maximum  was  never  less  than  90°  nor  the  niiuimuni 
than  70°.    For  further  particulars  see  Tables. 
Clouds. — In  the  year  1871  there  were 
29  days  on  which  no  clouds  of  any  sort  were  seen. 
113        j)        „        no  clouds  were  seen  excepting  those  which  clung  about  the 

mountains — days,  that  is,  of  uninterrupted  sunshine. 
182        „        „        clouds  were  seen  in'the  sky,  most  of  which  would  be  counted 

as  decidedly  line  da\s  iu  England. 

41  „  „  the  sky  was  entirely  overclouded,  so  that  no  blue  sky  was 
seen  all  day  long.  Thirty-five,  of  these  were  in  January, 
February,  November,  and  December. 

The  erfi'em?  clearness  <>f  the  atmosphere  deserves  attention.  A  mountain  in  the 
island  of  Cephalonia,  5'iOO  feet  high,  forms  the  western  horizon,  and  is  visible 
certainly  half  the  days  of  tho  year.  So  is  the  Parnassidi  range  (8000  feet),  distant 
forty  miles;  and  this,  when  white  with  snow,  is  discerned  by  moonlight.  The 
nearer  mountains,  ten,  fifteen,  and  twenty  miles  away,  are  frequently  quite  distinctly 
seen  by  moonlight  without  the  aid  of  snow.  ^ 

Earthquakes  arc  disagreeably  common.  Tho  author  haa  felt  about  thirty  himself, 
none  of  which  have  done  more  serious  damage  than  to  bringdown  11  tikes  of  plaster. 
Patras  was  once  entirely  destroyed,  MO  A.D  ;  but  since,  then  the  severe  shocks 
have  been  confined  to  the  shores  of  the  Gulf  of  Corinth  and  to  the  islands  of  Xante, 
Cephalonia,  Ithaca,  and  Leucndisi. 

The  author  has  seen  two  brilliant  Aunou.vs  (October  25,  1*70,  and  February  4, 
1872),  both  of  a  deep  red  colour. 

On  the  Advantages  of  keeping  Kecords  of  Physical  Phenomena  connected  with 
Thunder-storms.     Ky  W.  DE  FOXVIELLI:. 

The  author  begins  by  referring  to  the  importance  of  the  records  of  luminous  meteors 
made  by  tho  Association,  and  which  have  given  rise  to  a  great  science,  the  future 
influence  of  which  on  astronomy  it  is  impossible  to  determine.  After  having1 
reviewed  the  woik  of  tho  Committee  for  Luminous  Meteors,  he  shows  that  thunder- 
storm phenomena  are  pr.iclically  far  more  interesting  for  u<,  as  bein«  more  iuti- 
niatelv  connected  with  our  per-oiwl  welfare  and  security.  Only  in  few  disconnected 
cases  "do  falling  stais  produce  fatal  results,  while  thunder-storms  may  have  an 
important  influence  on  our  property,  our  health,  and  our  lives.  Captive  balloons 
are  spoken  of  by  Arago  as  tending 'to  enlarge  the  system  of  protection  inaugurated 
by  Dr.  Franklin,  so  that  an  immense  field  may  be  said  to  be  opened  for  inventions 
in  this  direction. 

The  author  showed,  by  quoting  his  correspondence,  that  in  this  Aery  laud  the 
efficiency  of  lightning-conductors  had  been  questioned,  and  that  in  Manchester  a 
conference,  held  on  llu1  occasion  of  Keixill  Church  being  .struck,  had  armed  at  the 
conclusion  that  lightning-conductors  were*  worse  than  useless. 

The  author  referred  to  the  use  of  the  electric  telegraph  for  giving1  warning  to 
shipping,  as  practised  by  the  Hoard  of  Trade,  lie  alluded  also  to  the  steps  taken 
by  the  French  Government  for  having  maps  drawn  of  the  course  followed  by 
thunder-storms.  The  author  showed  that,  if  the  question  is  limited  to  the  observa- 
tion of  phenomena  when  places  are  struck  by  lightning,  it  is  of  great  importance 
and  magnitude.  Quoting  several  newspapers,  the  author  finds  that  not  less  than 
live  or  'six  cases  of  great  scientific  interest  had  occurred  within  a  month  in  the 
countv  of  Sussex,  all  of  these,  being  lost  for  science  and  forgotten  for  ever,  if  not 
properly  recorded.  He  is  advocating  no  novelty,  as  a  Committee  of  the  French 
Institute  had  officially  advised  the  French  Government  in  1823  to  establish  a 
record  of  these  cases,  where  a  building  had  been  struck  by  lightning  when  supplied 
with  a  lightning-conductor,  He  explained  how  prevalent  superstitions  had  pre- 
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vented  the  French  Government  for  a  long  while  from  giving*  force  to  the  advice 
given  by  the  French  academicians.  When  these  obstacles  were  partially  removed 
the  opportunity  was  lost  for  establishing  it,  and  the  suggestion  quite  forgotten. 
He  thinks  that  the  French  Government  of  1872  will  take  a  more  intelligent  view 
of  the  question,  especially  if  the  liritish  Association  encourages  them  in  doing  so, 
by  establishing  some  deiinite  organization  for  the  purpose,  as  he  is  himself  a 
living  proof  of  the  interest  felt  now  by  the  French  Government  in  these  matters, 
having  been  sent  to  England  in  order  to  report  on  the  late  thunder-storms  which 
had  been  so  remarkable.  Would  it  not  be  in  some  respects  unbecoming  of  a  great 
nation  like  England,  whose  power  has  boon  unchecked,  to  take  no  interest  in 
these  casualties  which  are  attracting  the  notice  of  a  foreign  people  emerging  from 
so  many  calamities  ? 


On  a  Periodicity  in  the  Frequency  of  Cyclones  in  the  Indian  Ocean  south  of 
the  Equator.     By  CHARLES  MELDRTJM  (Mauritius  Observatory). 

""'One  of  the  objects  for  which  the  Meteorological  Society  of  Mauritius  was  esta- 
blished in  1851,  was  to  obtain  extracts  from  the  Meteorological  Registers  of  \essels 
visiting  the  harbour  of  Port  Louis,  especially  of  such  vessels  as  had  experienced 
bad  weather  in  the  Indian  Ocean. 

Accordingly  clerks  were  employed  to  copy  all  the  log-books  that  could  bo 
procured. 

In  1853  the  system  of  registration  was  remodelled.  Instead  of  having  the  obser- 
vations contained  in  each  log-book  recorded  separately,  all  the  observations  in  all 
the  log-books  for  the  same  day  were  entered  on  the  same  page. 

As  this  system  has  been  conducted  without  interruption  to  the  present  time,  the 
Society  has  now  a  large  collection  of  observations  showing1  more  or  less  the  state 
of  the  winds  and  weathvr  o^er  the  frequented  parts  of  the  Indian  Ocean,  in  the 
form  of  a  daily  journal,  during  the  last  nineteen  years ;  so  that  a  person  may  find 
at  once  what  weather  prevailed  on  any  day,  or  in  any  year,  during  that  period. 

Together  with  the  years  1851-52,  therefore,  during  which  the  registers  were 
differently  kept,  we  have  twenty-one  years'  continuous  observation  from  the  meridian 
of  Greenwich  to  120"  E.,  and  from  23°  IST.  to  45°  8. 

Adding  to  the  information  obtained  by  the  Society  throughout  these  twenty- 
one  years,  numerous  observations  collected  by  several  persons  for  the  previous  four 
years  (1847-50),  we  have  a  more  or  less  complete  record  of  all,  or  very  nearly 
all,  the  cyclones  which  have  taken  place  in  the  Southern  Indian  Ocean  during 
the  last  twenty-five  years;  for  Mauritius  is  so  much  in  the  track  of  these  cyclones, 
and  so  much  frequented  by  vessels  in  distress,  and  by  others  trading  between  the 
Colony  and  England,  India,  and  Australia,  that  it  is  scarcely  possible  for  nny  violent 
hurricane  to  happen  without  being-  noticed. 

Taking  now,  for  the  present,  the  area  (Comprised  between  the  equator  nnd  the 
parallel  of  25°  8.,  and  the  inciidians  of  40°  and  1 10°  E.,  nnd  examining  a  Table  of 
the  cyclones  that  have  occurred  there  from  1847  to  1872,  it  is  found  that  some 
years  nave  been  remarkable  for  a  frequency.,  and  others  for  a  comparative  absence 
of  cyclones. 

The  five  years  1847-51  were  characterized  by  cyclone-frequency.  Then  camo 
a  period  of  comparative  calm  (1852-57),  which  was  followed  by  six  years  (185H- 
(>H)  remarkable  for  cyclones.  The  next  live  years  (1864-08)  showed  a  consider- 
able decrease  ;  and  since  18(30  there  has  been  an  increase,  until,  for  the  present  year 
(1872),  the  number  of  cyclones  is  already  (28th  June)  greater  than  in  any  year 
since  18(31. 

What  has  now  been  said  is  not  only  borne  out  by  the  records  of  the  Meteorological 
Society,  which  give  detailed  accounts  of  the  hurricanes,  but  also,  I  have  little 
doubt, "by  the  books  of  the  Docks  and  Marine  Establishments.  Especially  in  1847 
and  1848,  and  again  in  1800-03,  the  harbour  of  Port  Louis  was  at  times  crowded 
with  disabled  ships ;  whereas  in  the  years  1855-57  and  1806-08  there  were  very  few. 

It  will  be  seen  that  these  years  correspond  pretty  closely  with  the  maxima  and 
minima  epochs  of  sun-spots. 
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For  the  present,  I  wish  merely  to  call  attention  to  the  subject,  in  order  that  the 
connexion  which  I  think  exists  between  sun-spot-frequency  and  cyclone-frequency 
may  be  either  verified  or  refuted  by  past  or  future  observation.  It  appears  to  mo 
that  there  is  more  than  a  mere  coincidence  as  to  time.  There  are  three  maxima 
and  two  minima  epochs  of  cyclone-frequency  corresponding  nearly,  if  not  entirely, 
with  similar  sun-spot  epochs. 

To  examine  the  matter  fully,  it  would  be  neceesary  not  only  to  know  the  number 
of  cyclones  in  each  year,  but  also  tho  extent  and  duration  of  ouch,  and  the  force  of 
the  wind.  If  we  could  thus  get  an  expression  for  the  annual  amount  of  cyclonic 
energy,  and  could  show  that  it  varied  directly  a^  the  amount  of  sun-spots,  a  con- 
nexion would  bo  established.  One  Solent  hurricane,  which  lasted  ten  days  and 
passed  over  thousands  of  miles,  might  ha\e  more  rtduc  than  half  a  do/en  smaller 
and  short-lived  ones.  However,  having  traced  a  large  number  of  tho  c>  clones  in 
question,  1  have  no  doubt  that  the  years  of  greatest  cyclone-  frequency  were  geiie- 
rallv,  if  not  always,  the  years  of  greatest  cyclone-energy  ;  and  that  the  number  of 
cyclones  in  a  year  is  a  fair  expression  of  the  cyclonic  activity  for  that  year. 

Now,  taking  tho  maxin^  and  minima  epochs  of  the  eim-spot  period  and  one  year 
on  each  side  of  them,  and  comparing  the  number  of  cyclone*  in  these  three-year 
periods,  we  get  tho  following  results  :  — 

XunibiT  of        Total  mim- 
(  'yuloncs  in  ber  of 

Years.  each  yew1.  Cyclones. 

(1S47  ................   i\ 

Maxima  ................  -  1*48  ................  (it  ........   15 

(1S49  ................  5  1 


4) 
Minima    ................  <  !<><'»  ................   U  ........     8 

J8r>r  ................  y 


Maxima  ................  \  ls(K)  ................  8  1  ........  21 

8 


Minima   ................     1*57  ................  *2\  ........     0 

(1*08  ................  2) 

11870  ................ 

Maxima  ................  \\*1\    ................  4     ........   14 

(  187:2  ................ 

Taking  two  years  on  each  side  of  the  >olar-.spot  epochs,  \ve  get  :  — 

dumber  Total 

Yeai'3.  of  (.'yclir.ies.  number. 

' 


Minima    ................       18"><;  ................   1  \  ........   15 

1857  ................  o  I 

1S.58  ................  4J 

4   , 
r,  | 

Jlnxima  ................  {   1^*K)  ................  8  J 

lsr>l  ................  s 


Minima    ^   lsr>'    ~  r  lo 

I   1808   '2  \ 

I  1800  :*J 
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Assuming  that  we  have  got  a  close  approximation  to  the  actual  number  of 
cj'clones,  and  that  the  numbers  fairly  represent  cyclonic  energy,  it  is  difficult  to 
avoid  the  conclusion  that  the  above  Tables  point  to  a  deiinite  law,  and  that  Mete- 
orology, Magnetism,  and  Solar  Physics  are  closely  connected ;  for  what  holds  good 
with  regard  to  a  large  tract  of  the  Indian  Ocean;  probably  holds  good  with  regard 
to  other  portions  of  the  earth's  surface, 

Is  it  not  probable,  also,  that  if  there  is  such  a  connexion  as  is  here  suggested 
between  sun-spots  or  sun-cyclones  (as  they  have  sometimes  been  called)  and  earth- 
cyclones,  there  is  a  similar  connexion  between  the  sun-spots  and  cyclones  in  the 
other  planets  ? 


The  Rain/aU  of  Sussex.     %  FREDERICK  ERNEST  SAWYER,  of  Brighton. 

^  The  county  of  Sussex  is  divided  by  the  South  Downs  into  two  meteorological 
districts — the  coast  district,  which  has  a  small  rainfall  and  an  equal jlo  climate,  and 
the  Weald,  which  has  a  much  greater  rainfall  and  an  extreme  climate. 

The  causes  of  tho  increased  rainfall  in  the  Weald  of  Sussex  are  threefold:  first, 
the  Downs,  which  attract  and  condense  tho  vapour  in  the  rain-clouds  which  pass 
over  them,  causing  it  to  fall  in  tjie  Weald  as  rain ;  secondly,  the  forests,  which 
break  the  wind  and  assist  in  condensing  vapour,  the  cutting-down  of  the  Weaklcn 
forests  for  fuel,  when  iron  was  manufactured  in  the  county,  having,  however,  dimi- 
nished the  rainfall  in  some  parts;  anil,  thirdly,  the  rim's,  the  beds  of  which  form 
a  path,  up  which  rain-storms,  and  particularly  thunder-storms,  pass  from  the  coast 
into  the  Weald,  and  also  by  condensation  produce  "tidal  showers." 

The  average  coast  rainfall  is  about  25  to  2(>  inches,  whiUt  that  of  tho  Weald  is 
nearly  IiU  inches.  The  greatest  rainfall  in  the  county  is  at  Lynch,  near  Midhurst, 
the  average  there  being  about  38  or  39  inches.  The  "least  rainfall  is  at  Pevcnsey, 
where  the  mean  of  thirty  years  was  24'07  inches. 

The  comparison  of  the  totals  of  rainfall  on  both  sides  of  the  Downs  shows  an 
increase  in  the  totals  in  the  Weald  of  from  20  to  50  per  cent.,  owing-  to  their  influ- 
ence. ^  At  Worthing,  on  the  coast,  the  mean  of  three  years  ending  js71  was 
23-88  inches;  and  at  Steyning,  in  the  Weald,  it  was  ;>4-25  inches,  or  "very  nearly 
60  per  cent.  more. 

The  greatest  rainfall  recorded  in  the  county  is  64-20  inches  in  1852  at  West 
Dean,  the  least  at  Pevensey  in  1858,  13-11  inches.  There  does  not  appear  to  be 
much  difference  in  the  seasonal  distribution  of  rain  in  \urious  parts  of  the  county. 

The  low  districts  round  Pulboro',  Arimdel,  Bramber,  Ilenfield,  and  Lewes  become 
inundated  after  heavy  rains.  Such  inundations  occurred  in  1810, 1821, 1828  1839. 
and  1847.  Severe  droughts  occurred  in  1834,  1847,  and  1852. 

There  is  only  one  rainfall  proverb  peculiar  to  the  county: — 

"  When  Wolsonbury  has  a  cap, 
Hurstpicrpoint  will  have  a  drap." 

Wolsonbury  Hill  is  a  summit  in  the  Downs,  near  Clayton ;  and  when  enveloped 
in  clouds,  rain  may  be  expected  at  Ilurstpierpoint, 


Acoustics, 
On  Musical  Beats  and  Resultant  Tones.     J]y  RTTDOIF  KONIG. 


On  the  Human  Voice  as  a  Musical  Instrument.     By  G.  VANEF-LETTR  LEE. 
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INSTRUMENTS. 

On  the  Memurator,  a  new  Instrument  for  the  Solution  of  Triangles. 
By  W.  MARSHAL  ADAMS. 

The  Mensurator  is  an  instrument  by  which  triangles  may  be  solved ;  that  is  to 
say,  when  the  necessary  data  are  given,  the  instrument  may  be  set  according  to 
them,  and  the  values  of  the  other  parts  read  oil'. 

The  author  illustrated  the  use  ot  the  instrument  by  numerous  examples. 


On  a  new  Hygrometer.     By  GEORGE  DINES. 

The  peculiarity  of  this  instrument  is,  that  the  use  of  ether  is  altogether  dispensed 
with,  water  only  of  a  lower  temperature  than  the  clow-point  boing  required  :  this 
is  placed  in  a  small  reservoir.J  By  turning  a  tup,  the  water  i^  allowed  to  pass  through 
a  closed  vessel  covered  witl*  Tinx  polished  m«.'tal  or  black  ijluss.  As  soon  as  the 
dew  appears  upon  the  surface  of  the  metal  or  gla<*s,  the  How  of  the  water  must  be 
stopped ;  and  a  thermometer,  the  bulb  of  which  is  enclosed  in  the  vessel,  shows  the 
temperature  of  the  dew-point. 

Using  this  instrument  side  by  side  with  tho  dry-  and  wet-bulb  thermometers, 
the  author  of  the  paper  has  come,  to  the  conclusion  that  (whatever  'Fables  may  be 
used)  lh«  latter  can  never  bo  depended  upon  as  giving  more  than  an  approximation 
to  the  dew-point.  He  also  describes  tho  aqueous  vapour  in  tho  atmosphere  as  badly 
mixed  ;  and  that  masses  of  air  very  differently  charged  with  moisture  are  rolling 
over  the  surface  of  the  earth  in  the  same  manner  as  the  clouds  above,  the  difference 
being  that  they  are  invisible. 

On  a  Xuutlcal  Photometer.     BIJ  J.  HOPKIXSON,  D.&V. 

The  photometers  hitherto  used  for  viewing  distant  lights,  too  faint  for  comparison 
with  a  standard  candle,  depend  on  the  absorption  of  li»>ht  by  a  coloured  medium 
till  the  light  is  no  longer  visible.  These  photometers  are  defecthe: — 1st,  as  they 
do  not  give  the  true  factor  by  which  the  light  is  diminished  in  intensity :  L'nd,  the 
absorbing  medium  is  arbitrary,  and  must  be  arbitrarily  defined ;  3rd,  the  effects  on 
red  and  white  lights  are  not  comparable. 

Tho  photometer  suggested  consists  of  two  suitably  mounted  Nieol's  prisms, 
which  can  be  turned  about  a  common  axis  till  the  light  is  eclipsed.  If  JT  be  the 
angle  between  the  polarizing  planes  of  the  prisms,  the  light  must  be  diminished 

m  5_^L:_  times  to  render  it  invisible,  where  m  is  a  constant  near  unity  depending  on 

2i 
the  reflection  at  the  faces  of  the  prisms. 


Nouveau  TJtermometre  de&tmr  a  prcmlre  Ics   1\  mpfoahwc*  <le  la  Surface  das 
J$nt.r  Mar  hies  ou  Flvvtalcs.     Par  le  Doctcur  JAKSSKX. 

J'ai  rhonnenr  de  presenter  au  meeting  un  thermometre  d'un  nouveau  modele, 
destine  a  prendre  la  temperature  de  hi  surface  de  la  nier  ou  des  ileuves. 

Cet  instrument dont  j  ai  dejii  public  uno  description  dans  les  bulletins  de  la  So- 
cie*te  Meteorologique  de  France,  le  \\  Decembre  1^(>7,  a  ete  employe  depuis  par  uu 
grand  nonibro  d'observateurs  eta  donm*  des  re"sultats  tros-sati.*iaisants,qui  pennot- 
tent  de  le  considdrer  comme  definitivement  acquis  a  la  science. 

La  disposition  nouvelle  do  cet  instrument  consistn  en  ce  que  lo  reservoir  est 
place*  au  milieu  d'un  pinceau  do  iils  de  chanvre.  (V  pinceau  est  iixe  a  la  garniture 
de  bois  ou  de  cuivre  au  thermometre ;  il  porte  a  sa  partie  superieure  une  virole  de 
plomb.  Jjorsque  rinstrument  est  jete  a  1  eau,  la  virole  de  plomb  Tentrainant,  il  y 
pe*netre  rapidement  et  verticalcment ;  les  fils  de  chanvre  s  ecartent  aussitot  et  le 
reservoir  tnermomiStrique  so  trouvo  alors  en  contact  avec  le  liquide,  dont  il  prend 
la  temperature.  En  quolques  secondos  IVquilibrc  est  atteint  ot  on  pent  retirer  IQ 


60 


REPORT — 1872. 


thermometre  an  nioyen  de  son  cordon.  Aussitot  que  Tinstrument  sort  de  Peau  lea  fib 
se  re'unissentj  entourent  le  reservoir  et  conservent  par  capillarity  uno  quantity  assez 
considerable  du  liquide  dont  on  voulait  obtenir  la  temperature.  La  presence  de 
ce  liquide  autour  du  reservoir  permet  do  faire  tout  a  son  aise  la  lecture  ae  1'echelle, 
car  je  me  suis  assure*  par  des  experiences  multipliers  quo  Pevaporation  a  la  surface 
du  pinceau,  meme  en  presence  du  soleil  et  dans  un  air  tras-sec,  est  impuissante  a 
faire  varier  la  temperature  du  reservoir  avant  un  temps  triple  on  quadruple  de 
celui  qui  est  ne*cessaire  a  la  lecture. 

Voici  une  experience  qui  montre  avec  quelle  lenteur  le  nouvcau  tliermometre 
perd  la  temperature  du  bain  dans  lequel  on  1'a  plough. 

La  temperature  de  1'eau  e*tait  de  10°  centigrade. 

An  soleil  un  tliermometre  ordinaire  marquait  37°. 

Le  tliermometre  a  pinccan  fut  plonge  dans  1'eau,  marqua  bientot  10°,  fut  retire* 
et  expose*  au  soleil.  Or,  apres 


30  secondes  il  niarquait  li)-0 

CO  „  „  10-0 

00  „  „  10-0 

320  .,  1<)-0 

150       „       ;,       10-1 


180  secondes  il  marquait  19-15 
210  „  „  19-2 

270  „  „  10-3 

300  „  „  ]J)-4 

3<>0  „  „  ID-o 


Le  temps  necessaire  pour  retiror  le  tliormonu^tre  de  IVau  et  en  faire  la  lecture 
n^est  jamais  supdrieur  a  1*5  seconder  Dans  roxperionce  rapportoe  1«  tliormometre 
^tait  rest<§  a  1*)°  pendant  120  secondes;  c'est  8  foi.s  plus  de  temps  qu'il  n'etait  neces- 
saire  a  la  lecture. 


Temperatures  de  la  surface  de  la  mov  prises  par  M.  Giraud;  do  ^farseil 

a  Ale,\andrio. 


Dates. 

Temperature  de  la  mer 
do  mice 

Latitude 
Word. 

Par  le  ther- 
momefre    '  Par  le  seau. 
a  pmccau. 

l^e'vrier. 
ID 

20 

21 
22 

*  23 

f)llsoir  
Midi    .  .., 

14-2 
14-2 
H-2 

1  4-;J 

145 
14-5 
14-5 

14-8 
14-8 
14-8 
14-8 
14-8 

i'vo 

0 

142 
14-2 
142 

14-5 

14-8 

14-8 
14-8 
14-8 

150 

O             I 

41    15 

37   02 
35    02 

(»U 

Minuit     .  . 

yh 

Midi    .... 

.*>'• 

Gh  

Minuit     .  . 

Oh 

Midi    .... 

Oh  

Minuit    .  . 
Midi  '!!.'! 

Long.  Est 
de  Paris. 


0  40  E. 


11    44 


1G   1(5 


21    10 


*M.  Giraucla  fait  plusieur.s  container  d'ob^ervations  prcscntant  le  iniiuie  accord, 
differences  ne  s'ulevont  jainain  ti  plus  de  y1^  do  ( 
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C'oat  a  1'occatuon  des  travaux  quo  j'ai  executes  &  Santorin  en  18u*7,  que  j'ai  ima- 
gine* ce  thermometre  pour  prendre  la  temperature  de  1'eau  do  la  nier  prea  du 
volcan  alors  en  activity. 

Je  m'en  suia  servi  dans  un  voyage  aux  Acores  en  1807,  depuis  Lisbonne  jusqu'a 
St.  Michel. 

Je  1'ai  dgalement  employe*  dans  mes  deux  voyages  aux  Indes  en  1868  et  1871. 

Or  j'ai  constamment  controls  les  indications  du  thermometre  a  pinceau  en  j>re- 
nantles  temperatures  par  la  methode  ordinaire,  qui  consiste,  comme  on  sait,  a  puiser 
directement  dans  la  mer  un  scan  d'eau  dans  lequel  on  place  un  thermometre.  Les 
deux  me'thodes  so  sont  toujours  accordees  a  ^  de  degi-e  quand  on  operait  avec  le 
soiii  ne*cesmire. 

A  ma  demande,  M.  Oiraud,  offider  de  raarinp  francais,  a  bion,voulu  prendre  des 
temperatures  de  la  Mc'ditnrrane'e-  pendant  plusieurs  voyages  de  Marseille  a  Alex- 
audiic.  Cet  officier  avait  aussi  le  soin  de  controler  les  indications  du  thermo- 
metre a  pinceau  jete"  a  la  mer  par  celles  que  le  meaie  instrument  depouilLS  do  son 
pinceau  donnait  dans  un  seau  d'eau  puise  au  memo  instant. 

On  donne  un  fragment  de  ses  ivsultats,  p.  GO. 

E'i  resume*,  le  thermometre  a  pinceau  a  trea-biensoutcnu  de  nombreuses  dpreuvos 
depuis  cinq  annexes,  et  on  pent  le  considerer  comme  un  instrument  acquis  a  la  science. 

On  en  construit  beaucoup  en  France, 


On  the  Temperature-correction  of  an  Aneroid.     By  JOHN  PHILLIPS,  M.A.  mid 
Hon.  D.O.L.  Oxon.,  F.K.S.,  Professor  of  Geology  in  the  University  of  Oxford. 

Few  instruments  invented  in  modern  days  have  found  a  more  ready  and  general 
acceptance  for  ordinary  observations  of  atmospheric  pressure  than  the  Aneroid; 
but  tor  accurate  weighing  of  the  column  of  air  it  is  not  to  be  trusted  without  care- 
ful precautions,  and  a  preliminary  study  of  the  particular  instrument  employed. 
The  object  of  this  communication  is  to  explain  a  method  by  which  an  instrument 
which  has  been  in  frequent  use  for  nine  years,  and  is  liable  to  enormous  variation 
of  reading  by  change  of  temperature,  has  been  made  to  give  accurate  results. 

The  instrument  has  a  diameter  of  1*9  inch,  and  weighs  1500  grains.  It  is  quick 
and  firm  in  its  indications  while  kept  in  the  same  position  and  at  the  same  tem- 
perature; but  the  reading  is  reduced  if  the  position  be  changed  from  horizontal  to 
vertical,  and  by  any,  however  small,  elevation  of  temperature.  It  has  suffered 
many  shocks,  but  is  entirely  uninjured  by  these  and  other  misfortunes.  Though 
divided  only  to  -^g-inch,  its  indications  can  be  recorded  with  entire  confidence  to 
-2  J  6,  and  are,  in  fact,  by  a  peculiar  method  of  reading,  written  down  by  estimation  to 
ToV<7-  Its  scale  is  correct  for  a  range  of  24  to  .'il  inches. 

Held  in  the  warm  hand,  or  exposed  to  sunshine,  the  index  turns  sensibly  to  the 
left.  Heated  from  40°  to  80°,  the  deviation  exceeds  three  tenths  of  the  baro- 
metric inch.  By  employing  a  hot  closet  the  eilect  is  augmented  enormously,  so 
that  for  one  degree  at  100°  Fahr.  the  index  retreats  about  'OL}0  inch. 

After  numerous  and  often-repeated  comparisons  with  a  standard  barometer,  at 
different  atmospheric  pressures  and  temperatures,  the  following  summary  of  ob- 
served differences  or  corrections  (*)  to  be  applied  to  this  aneroid,  so  as  to  make  its 
indications  agree  with  the  mercurial  instrument,  as  read  at  the  same  time,  was 
adopted  as  a  basis  for  calculation.  The  corrections  arc  additive. 


Temperature 
Fahr. 


80 
70 

50 
40 


Corrcc'lioii. 


0-,'JOO 
0-200 
0-130 
0-080 
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These  numbers,  examined  by  differences,  indicate  a  formula  whose  principal 
term  involves  the  square  of  the  temperature.  If  they  be  projected  as  ordmates,  a 
curve  of  parabolic  form  results,  as  given  above,  the  vertex  Doing1  placed  somewhere 
below  40°,  where,  probably,  a  curve  of  contrary  flexure  would  begin.  Assuming 

the  curve  to  be  a  parabola,  /3     iTW)   =e  tho    correction  for  temperature,  and 
taking  w=10°  and  /3='0837,  tho  values  of  e  are  given  in  the  third  column. 


Temp.  Fahr. 

e  Observed, 

€  Calculated. 

Difference. 

0 

80 
70 
00 
50 
40 

•420 

•wo 

•200 

•080 

•410 
•301 

•200 
•l.'H 

-•010 
+  •001 
+  •000 
+•004 
-  -OOo 

A  still  closer  approximation  i.s  found  by  employing  a  moiv  complete  expression 

il  T  ^  u  T^    1°  C  T'* 

for  the  function  of  temperature,  such  as  -----  Tn/u?  —  ?  ^n  which,  between  40°  and 


80°,  #=0,  b=  *03,  c  =  •000440.     The  resulting  corrections  appear  as  under,  from 
90°  to  30°,  the  utmost  limits  of  probable  observation  in  tho  British  Isles. 


Temperature. 

IT*.         \          CT\ 

c  Ob'   rved. 

e  Calculated.    .Difference. 

o 

i 

00 

•243 

•324 

•:>07      1 

80 

•192 

•228 

-420 

•420      1        -000 

70 

•147            -103 

•MO 

•.'{00              -000 

()0 

•108             -090 

•204 

•200          +-004 

50 

•075 

•O.T> 

•1,'iO 

.  -I,0.!       |    +-001 

40 

•OJ8             -028 

•080 

•07(J      !    -'004 

30 

•027 

•012 

i 

A  Table  constructed  in  accordance  with  this  formula  has  boon  found,  by  much 
experience,  to  gh  every  satisfactory  results  in  measures  of  terrestrial  elevation. 
The  author  has  also  investigated  instruments  compensated  for  temperature,  and 
finds  in  some  cases  a  curve-correction  necessary  for  inequality  of  scale. 


Description  of  tlie  new  Marnotti  Barometer,     By  MA  ON  ML  TKLFOHD. 


The  Spiral  Topt     By  Prof.  Cit.  V.  ZKNGER. 

On  a  stand  of  brass,  fastened  to  n  board,  a  screw  moves  in  a  vertical  direction  on 
the  upper  end  of  the  stand,  The  axis  of  the  top,  with  its  conical  end,  is  put  in  a 
conical  hole  worked  in  the  screw,  and  the  other  end  lies  in  a  similar  conical  hole 
on  a  support  fastened  to  the  board  vertically  and  in  the  same  line  as  the  screw. 

On  the  axis  of  the  top  is  fastened  a  movable  arm,  with  a  screw  and  ball  of 
brass  that  can  be  fastened  at  different  distances  from  the  axis  of  rotation. 

A  double  ring  of  biass  to  ^pan  a  sheet  of  paper  in  it  may  be  fastened  on  the 
screw,  the  plane  of  the  paper  being  vertical  to  tho  axis  of  the  top,  The  apparatus 
is  then  prepared  to  show  the  nutation  of  the  axis  and  precession  of  the  nodes 
bv  spinning  it.  The  axis  of  the  top  describes  a  circle  on  the  paper,  on  which  an 
ellipse  evolves,  whose  length  of  axis  depends  ,on  the  position  of , the  arm  on  the 
axis  and  the  distance  of  the  ball  screwed  to  it.  Taking  the  brass  arm  with  the 
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ball  from  the  axis,  and  fastening  the  spiral  wire  to  it,  the  top  is  prepared  for'anothcr 
experiment. 

In  the  former  experiment  a  circle  is  described  if  the  velocity  does  not  change; 
but  the  friction  and  resistance  of  the  air  tend  to  diminish  it ;  and  so  with  a  decreasing1 
velocity  of  rotation  the  angle  of  inclination  of  the  top's  axis  becomes  changeable, 
and  instead  of  a  circle,  a  spiral  line  is  described,  with  ellipses  evolving  on  it,  as  is 
shown  by  pressing-  the  paper  against  the  axis  for  a  longer  time,  the  paper  being 
covered  with  a  thin  laver  or  soot. 

The  author  tried  to  bring-  a  top  without  the  brass  arm  and  ball  in  contact  with  a 
spiral  line,  constructed  by  a  wire  bent  into  a  spiral  line.  The  top  then  began  rapidly 
to  move  alonfj  tho  spiral  line,  and,  reaching  its  end,  began  to  follow  again  the  direc- 
tion of  the  spiral  wire  on  its  inner  side,  and  so  on. 

This  spiral  and  periodical  motion  is  similar  to  that  of  a  pendulum  on  a  pre- 
scribed or  given  trace;  it  is  very  like  that  of  a  cycloidal  pendulum,  where  the 
motion  must  be  performed  on  a  cycloid. 

The  disturbing  force  produces  a  pressure  on  the  wire,  and  forces  the  axis  of  the 
top  to  follow  the  direction  of  the  spiral  curve. 

The  spiral  may  bo  replaced  by  a  curve  of  any  other  description. 


On  the  Tantfcntial  Balance  and  a  »n 
C7?    Professor  Cir.  V. 


PKOOUKSS  or  SCIENCE. 

On  the  Duty  of  tit e  British  Association  with  respect  to  the  Distribution  of  its 
I^tiHtls.     By  Lieut. -Col.  A.  SnuxGr,  FJt.ti. 

The  author  begins  by  referring  to  the  Royal  Commission  on  Scientific  Instruc- 
tion and  the,  Advancement  of  Science,  of  which  the  Duke  of  Devonshire  is  Chair- 
man, the  appointment  of  which  was  obtained  by  the  British  Association  in  J870. 
Having  been  examined  himself  by  the  Commission,  and  luuing  been  in  communi- 
cation with  many  of  the  witnesses  who  have  appeared  before  it,  he  is  able  to  say 
that  the  following  fundamental  points  are  receiving  great  attention,  viz. : — (1)  that 
the  objects  of  scientific  teaching  and  of  scientific  investigation  are  distinct,  and 
require  for  their  respective  attainment  distinct  machinery;  (2)  that  the  State  is 
bound,  in  the  interests  of  the  community,  to  maintain  Institutions,  such  as  Labo- 
ratories and  Observatories,  for  scientiiic  research,  apart  from  teaching;  (3)  that 
all  State  Scientific  Institutions  and  action  of  every  kind  should  be  subject  to  the' 
direction  of  a  single  Minister  of  State  ;  and  (4)  that  such  Minister  of  State  should 
have  the  assistance  of  a  permanent  paid  Consultative  Council,  composed  of  eminent 
men  of  science.  Of  these  measures  he  regards  the  two  last  (a  Minister  and 
Council)  as  by  far  the  most  important. 

The  paper  next  proceeds  to  consider  how  the  Association  may  further  advance 
the  great  question  of  State  Scientiiic  Organization.  The  writer  considers  that  one 
of  the  greatest  obstacles  in  the  way  consists  in  the  imperfect  conception  which 
statesmen  have  formed  of  the  duties  of  the  State  with  respect  to  science  5  and  he 
believes  that  this  is  in  a  great  measure  due  to  indiscriminateness  in  private  action 
and  the  distribution  of  private  funds,  Many  great  scientiiic  problems  have  been 
taken  up  with  the  help  of  such  means,  only  to  be  laid  aside  because  those  means 
have  proved  insufficient.  The  result  is  a  confusion  of  thought  as  to  what  scientific 
objects  should  be  carried  out  by  the  State,  and  what  may  properly  devolve  on 
private  bodies  and  individuals. 

In  order  to  assist  in  clearing  up  this  confusion,  the  author  proposes  that  the 
Association  should  classify  all  applications  for  aid  coming  before  them  under  two 
great  heads — Public  and  Private ;  that  they  should  grant  pecuniary  aid  to^  the 
latter  only :  that  they  should  furnish  the  Government  annually  with  a  list  of  objects 

0* 
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which  they  regard  as  Public,  with  such  advice  as  to  the  best  mode  of  attaining 
them  as  may  scorn  necessary;  and  that  before  each  annual  meeting  they  should 
ascertain  from  the  Government  what  progress  has  been  made  towards  the  attain- 
ment of  those  objects,  publishing  the  result  in  their  Proceedings. 

The  author  disclaims  any  wish  to  bring  the  Association  into  collision  with  the 
Government.  lie  does  not  believe  the  above  measures  would  have  that  effect ;  and 
he  sees  no  other  mode  of  bringing  forcibly  before  the  Government,  in  a  practical 
form,  those  great  wants  of  science  which  State  resources  alone  can  supply. 

He  next  proposes  the  following  tests  by  which  to  distinguish  Public  Science  for 
the  purpose  of  classification: — (1)  Continuity;  (2)  Probability  of  Expansion; 
(3)  Unremunerativeness  to  the  individual  cultivating  it,  combined  with  profit  or 
advantage  to  the  community  generally;  (4)  Costliness.  Ko  body  is  better  able 
to  supply  such  tests  with  discretion  than  the  British  Association. 

The  author  then  enumerates  some  typical  examples  of  private  aid  injudiciously 
given  to  strictly  public  objects;  viz,  the  Kew  Observatory,  Kainfall,  bewage,  the 
Map  of  the  Moon,  and  the  Tides. 

After  pointing  out  the  effect  in  each  of  these  cases,  he  then  urges  that  the  action 
now  proposed  will  not  chill  individual  enterprise,  which  is  too  fixed  a  sentiment  in 
the  English  character  to  be  capable  of  eradication.  He  is  convinced  that  ample 
use  will  be  found  for  the  limited  income  of  the  Association  after  eliminating  purely 
public  objects.  He  admits  that  such  objects  will  perhaps  at  first  be  more  or  less 
neglected  if  abandoned  by  the  Association ;  but  he  considers  that  this  inconvenience 
will  be  cheaply  purchased  by  the  dissemination  of  sounder  views  on  State  Science, 
to  which  it  cannot  fail  to  lead. 


CHEMISTEY. 

Address  by  J.  H.  GLADSTONE,  Ph.D.,  F.R.S.,  President  of  the  Section. 

ONE  of  my  fellow-students  in  the  laboratory  of  the  late  Professor  Graham  began 
the  study  of  Chemistry  because  he  wanted  to  be  a  geologist,  and  ho  had  read  i:i 
some  Geological  Catechism  that,  in  order  to  be  versed  in  that  science,  it  was  neces- 
sary, as  a  preliminary  step,  to  gain  a  knowledge  of  Chemistry,  Mineralogy,  Zoo- 
logy, Botany,  and  I  know  not  what  besides.  My  friend  became  a  chemist,  and 
found  that  tnough  for  the  exercise  of  his  faculties,  Yet  the  catechism  had  truth 
on  its  side  j  for  so  intertwined  are  the  various  branches  of  observational  or  experi- 
mental research,  that  a  perfect  understanding  of  one  can  only  be  obtained  through 
an  acquaintance  with  the  whole  cycle  of  knowledge. 

Yet,  on  the  other  hand,  who  can  survey  the  whole  field  even  of  modern  Che- 
mistry ?  There  was  a  time  doubtless,  in  the  recollection  of  the  more  venerable  of 
my  auditors,  when  it  was  not  impossible  to  learn  all  that  chemists  had  to  teach; 
but  now  that  our  "  Handbook"  has  grown  so  large  that  it  would  take  a  Briarrua 
to  carry  it,  and  it  requires  a  small  army  of  abstractors  to  give  the  Chemical  Society 
the  substance  of  what  is  done  abroad,  we  are  compelled  to  become  specialists  in 
spite  of  ourselves.  lie  who  studies  the  general  laws  of  Chemistry  may  well  turn 
in  despair  from  the  ever-growing  myriads  of  transformations  among  the  compounds 
of  carbon.  We  have  agricultural,  physiological,  and  technical  chemists ;  one  man 
builds  up  new  substances,  another  new  formulae  ;  while  some  love  the  rarer  metals, 
and  others  find  their  whole  soul  engrossed  by  the  phony  1  compounds. 

How  is  this  necessity  of  specialization  to  be  reconciled  with  the  necessity  of 
general  knowledge  ?  By  our  forming  a  home  for  ourselves  in  some  particular  region, 
and  becoming  intimately  conversant  with  every  feature  of  the  locality  and  their 
choicest  associations,  while  at  tho  same  time  we  learn  the  general  map  of  the 
country,  so  as  to  know  the  relative  position  and  importance  of  our  favourite  resort, 
and  to  be  able  (when  we  desire  it)  to  make  excursions  elsewhere. 

To  facilitate  this  is  one  of  the  great  objects  of  the  British  Association.    The 
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different  Sections  arc  like  different  countries ;  and,  leaving  the  insular  seclusion  of 
our  special  studies,  we  can  pass  from  one  to  the  other,  aiad  gain  the  advantages  of 
foreign  travel, 

From  this  Chair  I  must  of  course  regard  Chemistry  as  the  centre  of  the  universe, 
and  in  speaking  of  other  Sections  I  must  think  of  them  only  in  their  relation  to 
ourselves.  There  is  that  rich  and  ancient  country,  Section  A,  which,  according  to 
the  Annual  1  \eport,  comprises  several  provinces,  Mathematics,  Astronomy,  Optics, 
Heat,  Electricity,  and  Meteorology. 

Mathematics  and  Astronomy. — It  was  when  the  idea  of  exact  weights  and  mea- 
sures was  projected  into  it  that  Alchemy  was  transmuted  into  Chemistry.  As  our 
science  has  become  more  refined  in  its  methods  its  numerical  laws  have  become 
more  and  more  significant ;  and  it  may  safely  he  predicted  that  the  more  closely  it 
is  allied  with  general  physics,  the  greater  will  be  the  mathematical  knowledge 
demanded  of  its  votary.  ".But  till  lately  the  Chemist  and  the  Astronomer  seemed 
far  asunder  as  the  heavens  and  the  earth,  and  none  could  have  foretold  that  we 
should  now  be  analyzing  the  atmospheres  of  the  sun  and  stars,  or  throwing  light  on 
the  chemical  composition  of  planetary  nebuluc  and  the  heads  of  comets.  There  ia 
in  this,  too,  us  in  other  things,  a  reciprocal  benefit;  for  we  are  encouraged  to  hope 
that  this  celestial  chemistry  will  reveal  to  us  elements  which  have  not  yet  been 
detected  among  the  constituents  of  our  globe. 

Light,  Heat,  and  Electricity. — How  intimately  are  these  associated  with  the 
chemical  force,  or  rather  how  easily  are  these  Protean  forces  transformed  into  one 
another !  The  rays  of  the  suu  coming  upon  our  earth  are  Hive  a  chemist  entering 
his  laboratory  :  they  start  strange  decompositions  and  combinations  not  only  in  the 
vegetable  kingdom,  but  also  among  inorganic  prases  and  ,«alts  j  they  are  absorbed 
selectively  by  different  bodies  which  they  penetrate,  or  are  refracted,  dispersed,  and 
polarized  according  to  the  chemical  composition  and  structure  of  the  substance. 
All  this  has  been  the  subject  recently  of  much  scientific  research  ;  arid  I  need 
scarcely  remind  you  of  the  beautiful  art  of  photography  as  one  of  the  results  of 
photo-chemistry,  or  of  the  benefits  that  have  arisen  from  a  study  of  circular  polar- 
ization, indices  of  refraction,  and  especially  spectrum-analysis.  In  regard  to  the 
latter,  however,  I  would  remark  that  while  the  optical  examination  of  the  rays 
emitted  by  luminous  vapours  has  yielded  most  brilliant  results,  there  is  another 
kind  of  spectrum-analysis — that  of"  the  rays  absorbed  by  various  terrestrial  jjases, 
liquids,  and  solids — which  has  already  borne  valuable  fruit,  and  which,  as  it  is  far 
more  extensively  applicable  than  the  other,  may  perhaps  play  a  still  more  impor- 
tant part  in  the  Chemistry  of  the  future.  The  dispersion  of  the  rays  of  the  spec- 
trum is  certainly  due  to  the  chemical  nature  of  the  body  through  which  they  pass; 
but  this  is  as  yet  almost  unbroken  ground  waiting  for  an  explorer.  As  to  neut,  it 
has  ever  been  the  tool  of  the  chemist ;  and  it  would  be  difficult  to  overestimate 
the  significance  of  researches  into  the  specific  heat  or  the  melting-  and  boiling- 
points  of  elements  and  their  compounds.  The  laws  of  chemical  combination  have 
been  elucidated  lately  by  thermo-chemieal  researches ;  it  has  been  sought  to  esta- 
blish a  connexion  between  the  absorption  or  radiation  of  heat  and  the  complexity 
of  the  chemical  constitution  of  the  active  body  ;  while  the  power  of  conducting 
heat,  or  of  expanding  under  its  influence,  oilers  a,  promising  field  of  inquiry.  As 
to  electrical  science,  one  department  of  it  (Galvanism)  is  strictly  chemical;  the 
electrolytic  cell  does  our  work :  and  indeed  we  claim  half  the  electric  telegraph  j  for 
while  the  needle  may  oscillate  in  Section  A,  the  battery  belongs  to  B. 

Last  in  Section  A  comes  Meteorology ;  and  there  are  chemical  questions  con- 
cerning the  constitution  of  the  atmosphere,  its  changes,  and  the  effect  of  its  occa- 
sional constituents  upon  vegetable  ana  animal  life,  which  merit  the  deepest  attention 
of  the  physiologist,  philanthropist,  and  statesman. 

If  we  turn  to  Section  C,  there  is  an  outlying  province  belonging  to  us — namely, 
Mineralogy,  which  lies  on  the  frontiers  ot  Geology.  A  vast  and  very  promising? 
region  is  the  origin  and  mode  of  formation  of  different  minerals  :  this  has  attracted 
some  explorers  during  the  past  year ;  but  in  order  to  investigate  it  properly  the 
geologist  and  the  chemist  must  travel  hand  in  hand.  Geology,  in  demanding  of 
us  the  analysis  of  earths  and  ores,  rocks  and  precious  stones,  repays  us  by  bringing 
to  our  knowledge  many  a  rare  element  and  strange  combination. 
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When  we  pass  from  0  to  I)  (that  is,  from  the  crust  of  the  globe  to  the  organized 
beings  that  inhabit  and  adorn  it)  we  are  introduced  into  new  regions  of  research. 
When  organic  chemistry  was  young,  Cuvier  said  of  it,  "  Dans  cette  nouvelle  magie, 
le  chimiste  n'a  prosque  qu'a  vouloir  :  tout  pent  se  changer  en  tout;  tout  pent  s'ex- 
traire  de  tout ;  and  though  we  have  now  learnt  much  of  the  laws  by  which  these 
magical  transformations  proceed,  they  far  transcend  the  dreams  of  the  French  phi- 
losopher;  there  is  yet  no  visible  limit  to  the  multitude  of  products  to  be  derived 
from  the  vegetable  and  animal  world,  and  their  changes  seem  to  afford  boundless 
scope  for  chemical  ingenuity.  The  benefit  here  also  is  reciprocal;  for  the  physio- 
logist enters  by  our  aid  into  the  wonderful  laboratory  of  the  Ihing  plant  or  animal, 
and  learns  to  estimate  the  mode  of  action  of  different  foods  and  medicines.  There 
have  lately  been  some  good  researches  of  this  character.  The  diiHcultios  are  great ; 
but  the  results  to  bo  achieved  are  worthy  of  any  effort. 

There  may  be  little  intercourse  between  us  and  the  geographers  in  E  ;  but  wo 
Stand  in  no  distant  relationship  with  many  of  the  subjects  discussed  in  Y.  Eco- 
nomic science  embraces  the  chemical  arts,  from  cookery  upwards ;  such  imperial 
questions  as  that  of  the  national  standards,  or  tho  patent  laws,  interest  us  greatly ; 
tne  yield  of  our  corn-iields  is  increased  through  our  knowledge  of  the  constituents 
of  soils  and  manures;  and  upon  many  of  the  chemical  manufactures  depend  in  no 
Small  degree  the  commerce  and  the  wealth  of  Britain. 

In  this  most  important  branch  of  technical  chemistry  we  need  the  skill  of  tho 
mechanician;  and  this  introduces  us  to  Section  G.  One  of  the  questions  of  the 
day  will  illustrate  the  connexion  between  these  varied  departments  of  study.  Sta- 
tistics prove  that  the  consumption  of  coal  is  now  advancing,  not  at  tho  gradual  paco 
which  recent  calculations  allowed,  but  at  a  rapidly  accelerating  speed;  and  they 
make  the  householder  anxious  about  rising  prices,  and  the  political  economist  about 
the  duration  of  our  coal-iields.  It  is  well  known  that  there  is  a  great  waste  of  fuel 
throughout  the  country,  as  the  maximum  of  heat  produced  by  tho  combustion  is 
very  far  from- being  ever  utilized;  and  it  will  be  for  the  combined  wisdom  of  tho 
chemist,  physicist,  and  mechanician  to  deuse  means  for  reducing  this  lavish  ex- 
penditure, or  to  indicate  other  available  sources  of  power. 

While  this  correlation  of  the  natural  sciences  renders  it  desirable  that  tho  votary 
of  one  should  have  some  general  acquaintance  witli  the  rest,  the  correlation  of  all 
knowledge  shows  that  no  education  can  be  complete  which  ignores  the  study  of 
nature.  A  mind  fed  only  on  one  particular  kind  of  lore,  however  excellent  that 
kind  may  be,  must  fail  of  proper  nourishment.  I  am  not  going  to  say  a  word  against 
philological  studies :  I  am  too  fond  of  them  myself  for  that ;  and  I  could  wish  that 
the  modern  languages  were  taught  more,  and  the  classic  languages  were  taught 
better,  than  they  are  at  present.  What  I  do  contend  for  is,  that  chemistry  (or  some 
cognate  branch  of  science)  should  have  an  honoured  place  in  the  education  of  every 
English  lady  and  gentleman.  I  say  purposely  li  an  honoured  place  ;"  for  at  present 
where  chemistry  is  introduced  we  too  oiten  find  the  idea  latent  which  was  expressed 
by  one  principal  of  a  lady's  college,  who  told  a  friend  of  mine  that  he  was  to  give  the 
girls  a  course  of  pretty  experiments,  but  that  she  did  not  expect  him  to  teach  them  any 
thing ;  and  we  know  that  when  boys  repeat  chemical  experiments  at  home  it  is 
looked  upon  as  an  amusement,  a  philosophical  one  no  doubt,  but  rather  objection- 
able, inasmuch  as  they  spoil  their  mother's  towels  and  singe  their  own  eyeurows. 

Of  course  some  knowledge  of  chemistry  is  indispensable  for  a  large  number  of  our 
manufacturers,  and  for  the  medical  profession,  while  it  is  extremely  valuable  to  tho 
fanner,  the  miner,  and  the  engineer.  It  will  also  be  readily  granted  that  informa- 
tion about  the  air  we  breathe,  the  water  we  drink,  the  food  we  live  upon,  the  fuel 
we  burn,  and  the  various  common  objects  we  handle,  must  be  of  service  to  every 
man.  But  we  are  met  by  the  advocates  of  the  old  system  of  education  with  the 
remark  that  the  value  of  school-teaching  does  not  depend  so  much  upon  the  infor- 
mation given  as  upon  the  mental  training.  This  I  admit — though  it  seems  to  me 
that  if  the  same  training  can  be  secured  by  two  studies,  the  one  of  which  (liko 
the  making  of  Latin  verses)  gives  no  information  at  all,  and  tho  other  (like  chemical 
analysis)  imparts  some  useful  knowledge,  we  should  prefer  the  latter.  But  I  hold 
that,  as  a  means  of  educating  the  mental  faculties,  chemistry,  faithfully  taught,  has 
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in  many  respects  tlie  advantage  over  literary  studies.  There  is  superabundant  scopo 
for  the  exercise  of  the  memory  j  the  powers  of  observation  are  developed  by  it  to  a 
wonderful  degree;  the  reasoning  powers  may  bo  well  disciplined  on  the  philosophy  of 
chemical  change,  or  the  application  of  the" laws  of  Dalton,  Mitscherlich,  and  Ayo- 
gadro ;  while  the  imagination  may  be  cultivated  by  the  attempt  to  form  a  conception 
of  the  ultimate  particles  of  matter,  with  their  aflinlties  and  atomicities,  as  they  act 
and  react  upon  one  another  under  the  control  of  the  physical  forces,  And  I  might 
speak  of  higher  considerations  than  mere  intellectual  culture ;  for  surely  the  works 
of  the  Allwise  and  Bountiful  Creator  are  a  more  truthful  and  a  purer  subject  of  con- 
templation for  the  opening  minds  of  youth,  and  more  in  accordance  with  Christian 
ideas,  than  are  the  crude  notions  of  a  past  stage  of  civilization,  and  tho  ignorant 
and  gross  fancies  of  a  defunct  paganism. 

There  is  another  requirement  in  education — the  training  of  the  mind  to  tho  dis- 
covery and  recognition  of  truth.  Fur  this  purpose  philological  studies  have  no  fit- 
ness j  mathematical  studies,  thoujih  peculiarly  adapted  for  it,  apply  only  to  cases 
where  demonstrative  proof  is  possible  ;  but  the  study  of  physical  science  is  remark- 
ably well  fitted  for  leaching  the  proper  methods  of  inquiry,  and  the  strict  relations 
between  theory  and  fact.  Now  the  historian,  the  politician,  tin?  mental  philosopher, 
the  theologian,  or  any  one  else  who  desires  to  influence  the  thoughts  of  his  fellow 
men,  should  be  in  a  position  to  distinguish  between  truth  and  error  in  his  own  de- 
partment ;  and  his  inind  may  be  well  disciplined  for  this  by  a  study  which  is  less 
liable  to  bo  disturbed  by  human  passions,  predilections,  or  wishes,  and  where  tho 
conclusions  are  more  readily  brought  to  the  test  of  observation  or  experiment. 

Our  Government  insists  on  a  certain  standard  of  education  for  all  wno  are  allowed 
to  teach  in  our  elementary  schools.  In  those  schools  which  receive  no  {State  aid  it 
is  only  public  opinion  which  can  insist  that  the  teacher  shall  be  duly  qualified  him- 
self. Such  bodies  as  tho  British  Association  form  this  public  opinion,  and  will  de- 
serve well  of  their  country  if  they  demand  that  these  masters  and  mistresses  shall 
know  something  of  the  material  universe  in  which  they  move,  and  be  able  to  im- 
part to  every  child  such  scientific  knowledge  as  shall  atlbrd  him  an  interesting  sub- 
ject for  thought,  ghe  him  useful  information,  and  discipline  his  mental  powers. 

Among  the  many  services  rendered  by  tho  monthly  reports  of  tho  progress  of 
chemistry  which  flu-  Chemical  Society  publishes,  and  the  British  Association  helps 
to  pay  for,  there  is  one  which  is  rather  salutary  than  pleasant.  They  bring  pro- 
minently before  our  notice  the  fact  that  in  the  race  of  original  research  wo  are 
being  distanced  by  foreign  chemists.  1  refer  not  to  the  quality  of  our  work,  about 
which  opinions  will  probably  diiler,  but  to  the  quantity,  which  can  be  determined 
by  very  simple  arithmetic.  This  is  a  mat  tor  of  no  small  importance,  not  only  for 
the  honour  of  England,  but  still  more  for  tho  advancement  of  science  and  the 
welfare  of  man.  From  the  Phy^oal  Chair  of  this  Association  last  year,  a  note  of 
warning  was  uttered  in  tho  following  words,  after  a  reference  to  the  sad  fate  of 
Newton's  successors  who  allowed  mathematical  science  almost  to  die  out  of  the 
country: — "  If  the  successors  of  Davy  and  Faraday  pause  to  ponder  even  on  their 
achievements,  we  shall  soon  be  ajjain  in  the  same  state  of  ignominious  inferiority." 
The  President  of  the  Chemical  Society  also,  in  tho  last  Anniversary  Address,  drew 
attention  to  the  diminished  activity  of  Chemical  discovery,  and  to  the  lamentable 
fewness  of  original  papers  communicated.  He  traces  this  chiefly  to  "the  non- 
recognition  of  experimental  research  by  our  universities,"  and  suggests  that  in  the 
granting  of  science-degrees  every  candidate  should  be  required,  as  in  Germany  ^  to 
prove  his  ability  for  original  investigation. 

Concurring  in  this,  I  would  remark  that  other  causes  have  also  been  assigned, 
and  other  suggestions  have  been  made.  There  is  the  small  recognition  of  original 
research  even  by  our  learned  Societies — at  least  such  recognition  as  will  come  home 
to  the  understanding  of  tho  general  public.  It  is  true  the  fellowship  of  the  Royal 
Society  is  awarded  mainly  for  original  discoveries,  and  there  are  two  or  three 
medals  to  bo  disposed  of  annually;  but  these  distinctions  fall  to  the  lot  of  tne 
seniors  in  science,  often  men  who  are  beyond  the  need  of  encouragement;  and 
though  they  doubtless  arc  serviceable  as  incentives,  there  is  many  a  beginner  in 
the  honourable  contest  of  discovery  who  is  too  modest  even  to  hope  for  tho  bluo 
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ribbon  of  science.  While  the  Victoria  Cross  is  awarded  to  few,  every  soldier  who 
has  borne  part  in  a  victory  expects  his  clasp ;  and  so  might  every  man  who  has 
won  victories  over  the  secrets  of  nature  fairly  look  for  some  public  recognition.  It 
has  been  suggested,  for  instance,  that  the  Royal  Society,  in  addition  to  the  F.R.S., 
might  institute  an  Associateship,  with  the  letters  A.R.'S.,  designed  exclusively  for 
those  younger  men  who  have  shown  zeal  and  ability  in  original  research,  but 
whose  discoveries  have  not  been  sufficient  to  entitle  them  already  to  the  Fellowship. 
It  is  suggested,  too,  that  the  Chemical  Society  might  give  some  medal,  or  diploma, 
or  some  similar  distinction  to  those  who  contribute  papers  of  sufficient  merit. 

But  beyond  this  is  the  non-recognition  of  scientific  research  by  society  in  general. 
We  can  scarcely  expect  the  average  enlightened  Englishman  to  be  any  thing  but 
scared  by  a  graphic  formula,  or  a  doubly  sesquipedalian  word  containing  two  or 
three  compound  radicals ;  but  he  need  not  continue  to  talk  of  the  four  elements,  or 
of  acids  being  neutralized  by  sugar.  But,  indeed,  the  so-called  educated  classes  in 
England  are  not  only  supremely  ignorant  of  science ;  they  have  scarcely  yet  arrived 
at  the  first  stage  of  improvement — the  knowledge  of  their  own  ignorance.  Then, 
again,  there  is  the  excessive  preference  of  practical  inventions  over  theoretical  dis- 
coveries—or rather,  perhaps,  the  inability  to  appreciate  anv  thing  but  tangible 
results.  Thus  a  new  aniline  compound*  is  nothing  unless  "it  will  dye  a  pretty 
colour  j  if  we  speak  of  the  discovery  of  a  new  metal  by  the  spectroscope,  they 
simply  ask,  What  is  it  useful  for  ?  and  the  rigorous  determination  of  an  atomic 
weight  has  for  them  no  meaning,  or  interest,  or  beauty.  The  general  appreciation 
of  science  must  be  of  gradual  growth  ;  yet  there  are  wealthy  men  who  know  its 
value,  and  who  might  well  become  the  ondowers  of  research.  There  are,  indeed, 
at  present  funds  available  for  the  purpose — such  as  the  Government  Grant,  and  the 
surplus  funds  of  this  Association ;  but  the  money  is  given  simply  to  cover  actual 
outlay;  and  this,  though  very  useful,  scarcely  meets  the  case  of  those  young  philo- 
sophers who  have  no  balance  at  their  bankers,  and  yet  must  live.  \Vill  not  some 
of  these  wealthy  men  endow  experimental  scholarships,  or  professorships,  in  con- 
nexion with  our  colleges,  institutions,  or  learned  societies  ?  As  an  instance  of  the 
good  that  may  bo  effected  in  this  way,  may  be  cited  the  Fullerian  professorships; 
and  as  a  very  recent  example,  worthy  of  all  honour,  may  be  mentioned  the  purpose 
of  Mr.  J.  B.  Lawes,  not  only  to  continue  his  elaborate  experiments  at  Rothamsted 
throughout  his  lifetime,  but  to  place  his  laboratory  and  experimental  fields  in 
trust,  together  with  £100,000,  so  that  investigations  may  be  continued  in  the 
wider  and  more  scientific  questions  which  the  progress  of  agriculture  may  suggest. 

The  Government  of  our  country,  through  the  Science  and  Art  Department,  ren- 
ders good  assistance  to  the  teaching  of  science  j  and  if  the  recommendations  of  the 
Royal  Commission  on  Scientific  Instruction  and  the  Advancement  of  Science  be 
adopted,  the  introduction  of  practical  examinations  for  the  obtaining  of  certificates 
for  a  superior  grade  of  science-master  will  certainly  foster  a  spirit  of  research.  It 
has  been  generally  held  that  the  promotion  of  research  is  within  the  legitimate 
scope  of  government ;  and  where,  as  in  the  case  of  Aristotle  and  Alexander,  genius 
and  industry  have  been  sustained  by  princely  munificence,  the  happiest  results 
have  ensued.  Yet  this  question  of  Government  aid  is  a  delicate  one :  for  genius, 
when  put  into  swaddling  clothes,  is  apt  to  be  stifled  by  them ;  and  were  science 
to  depend  on  political  favour  or  imperial  support,  it  would  be  a  fatal  calamity. 
Still  I  think  it  will  be  everywhere  admitted  that  science  might  with  propriety  be 
subsidized  from  the  public  funds  in  cases  where  the  results  may  be  expected  to 
confer  a  direct  benefit  upon  the  community,  and  whore  the  inquiry,  either  from  its 
expense,  its  tediousness,  its  uninteresting'character,  or  the  amount  of  cooperation 
required,  is  not  likely  to  be  carried  out  by  voluntary  effort.  The  astronomical 
work  which  is  paid  for  b4y  Government  bears  upon  navigation,  and  answers  both 
these  requirements  j  and  it  is  easy  to  conceive  of  inquiries  in  our  own  science  that 
might  equally  deserve  the  assistance  of  the  State.  Some  of  these  might  also  more 
than  repay  the  outlay,  though  perhaps  the  profit  would  not  fall  into  next  year's 
budget. 

I  believe  that  this  diminution  of  original  research,  which  we  deplore,  is  partly 
due  to  a  cause  in  which  we  rejoice — the  recent  extension  of  science-teaching.  The 
professorships  of  chemistry  are  scarcely  more  numerous  now  than  they  were  twenty 
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fears  ago,  while  the  calls  upon  the  professor's  time  in  conducting  classes  or  looking 
)ver  examination  papers  have  greatly  augmented.  Thus  some  of  the  most  capable 
nen  have  been  drawn  away  from  the  investigation  of  nature ;  and  in  order  to  afford 
hem  sufficient  leisure  for  the  purpose,  means  must  be  found  to  multiply  the 
lumber  of  the  professorships  in  our  various  colleges. 

While  the  rudiments  of  science  are  being  infused  into  our  primary  education, 
low  happily  becoming  national,  while  physical  science  is  gradually  gaining  a 
ooting  in  our  secondary  and  our  large  public  schools,  and  while  it  is  winning 
for  itself  an  honoured  place  at  our  universities,  it  is  to  be  hoped  that  many  new  in- 
vestigators will  arise,  and  that  British  chemists  will  not  fall  behind  in  the  upward 
march  of  discovery,  but  will  continue  hand  in  hand  with  their  continental 
brethren  thus  to  serve  their  own  and  future  generations. 


Chemical  Nomenclature.     By  Dr.  A.  CRUH 

This  communication  does  not  contain  a  proposal  of  a  new  nomenclature  or  of  a 
new  system  of  nomenclature,  but  was  intended  as  a  contribution  to  that  critical 
examination  of  chemical  names  which,  it  may  be  hoped,  will  lead  to  the  develop- 
ment of  a  sinjrle  language,  capable  of  expressing  clearly,  completely,  and  shortly 
the  actual  relations  of  substances  to  one  another,  and  any  theoretical  speculations 
which  are,  or  mav  be,  entertained  by  chemists. 

Three  diiierent  kinds  of  names  at  present  used  are  considered : — 1st.  Proper 
names,  i.  e,  names  which,  merely  in  virtue  of  a  convention,  represent  particular  sub- 
stance:?. 2nd.  Names  which  indicate  the  composition  of  the  substances  represented. 
3rd.  Names  which  indicate  the  relation  of  the  substances  to  others,  and  which  may 
therefore  be  called  functional  names.  In  a  functional  nomenclature  each  substance 
will  Ime  more  than  one  name,  as  it  has  more  than  one  relation  to  other  substances ; 
but  no  confusion  need  result  from  this,  as  each  name  will  be  used  in  its  own  place; 
when  the  relations  implied  in  the  name  are  treated  of. 

On  the  Relative  Power  of  Various  Substances  in  preventing  Putrefaction  and 
the  Development  of  Protoplasmic  and  Ftwyus  Life.  By  Dr.  P.  GRACE- 
CALVERT,  F.R.ti.,  F.C.S.,  cjr. 

To  carry  out  this  series  of  experiments,  small  test-tubes  were  thoroughly  cleansed 
and  heated  to  dull  redness.  Into  each  was  placed  2(3  grammes  of  a  solution  of 
albumen  containing  one  part  of  white  of  egg  to  four  parts  of  pure  distilled  water, 
prepared  as  described  in  my  paper  on  protoplasmic  life.  To  this  was  added  one 
thousandth,  or  '020  gramme,  of  each  of  the  substances  the  action  of  which  I  desired 
to  study.  The  reasons  why  I  employed  one  part  in  a  thousand  are  twofold : — first, 
the  employment  of  larger  proportions  would,  in  some  instances,  have  coagulated 
the  albumen  ;  secondly,  it  would  have  increased  the  difficulty  of  determining  the  re- 
lative powers  of  the  most  efficacious  antiseptics  in  preventing  the  development  of 
the  germs  of  putrefaction  or  decay,  as  the  period  of  time  required  would  have  ex- 
tended over  to  twelve  months.  A  drop  was  taken  from  each  of  the  tubes,  and  exa- 
mined under  a  microscope  having  a  magnifying-power  of  800  diameters.  This 


In  order  to  appreciate  the  influence  of  the  antiseptics  used,  I  examined  two  solu- 
tions of  pure  al oilmen,  one  of  which  was  kept  in  the  laboratory,  the  other  in  the 
open  air. 

A  marked  difference  was  observed  in  the  result,  the  solution  kept  outside  becoming 
impregnated  with  animal  life  in  less  than  half  the  time  required  by  the  other,  while 
as  many  vibrios  were  developed  in  six  days  in  the  solution  outside,  as  were  deve- 
loped in  thirty  days  in  the  one  in  the  laboratory. 

A  summary  of  the  results  of  the  experiments  is  given  in  the  following  Table,  in 
which  the  substances  are  grouped  according  to  their  chemical  nature. 


Substances  used. 

Days  required  for 
development  of 

Bays  required  for 
due  development 
of  putrid  odours 
in  albumen  kept 
at  20°  C. 

Fungi 
at  15°C. 

Vibrios 
at  1  5°  C. 

1.  Standard  Solution*. 

Albumen  kept  in  laboratory  for  comparison  
Albumen  exposed  outside  laboratory      ... 

18 

None 

21 
0 
10 

18 
<) 

None 

18 
16 
20 
None 

22 
I1.) 
IS 
21 

r>:t 

M 
1C> 
JO 

I1.) 

IT) 

IS 
18 

17 
22 

22 

None 
None 

17 
10 
17 

None 
19 
None 
42 

21 

12 
5 

11 
U 
10 
22 
30 

y 

24 

20 
24 
13 

7 
14 
7 
10 

No  no 
None 
9 
17 

<) 

1 
11 
11 

13 

7 

y 

None 

None 

IS 
18 
None 

25 
17 
8 
14 

9 

16 

45 
10 
10 

Nuno 
None 
to 

72 

85 
20 
14 

10 
10 
11 
1<) 

;*8 

None 
<) 
38 

14 
10 
10 
11 

i 

10 
10 

11 

Nmio 
None 

35 
20 

None 

None 
20 
10 
35 

None 

2.  Adda. 
Sulphurous  aoid    

Sulphuric  acid   

Nitric  acid  .      ...         .... 

Arsenious  acid  

Acetic  acid  

Prussic  acid  

3.  Alkalies. 
Caustic  soda    

Caustic  potash 

Caustic  ammonia  

Caustic  lime  

4.  Chlorine  Compounds. 
Solution  of  chlorine  ..       

Chloride  of  sodium  ..           ...       

Chloride  of  calcium  .         .         

Chloride  of  aluminium     

Chloride  of  zinc  

Bichloride  of  mercury  

Bleaching-pQwder 

Chlorate  of  potash 

5.  f>t(fj)hvr  Compounds. 
Sulphate  of  limp    

Protosulpluito  of  iron    ... 

Bisulphite  of  lime  ..  .. 

Hyposulphite  of  t»oda    

0.  Phosphate". 
Phosphate  of  soda  

Phosphate  of  limo  .... 

Permanganate  of  potash  

8.   Tar  Series. 
Carbolic  acid  

Cresylic  acid  

9.   Sufphocarbtolatcs. 
Sulphocarbolato  of  potash    

Sulphocarbolate  of  soda    ,,,,  

Sulphocarboiate  of  giui*    ,  ,  ,  ,  

10, 
Sulphate  of  quinino  ,  

Picric  acid  ,  ,  

Pepper    ,  ,,,,  ,  ,  

Turpentine,,  ,»»»•••  „,  i,,  

11. 
Charcoal.,  ,  
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In  comparing  the  results  given  in  the  above  Table,  the  substances  can  bo  classed 
under  four  distinct  heads,  viz.  those  which  prevent  the  development  of  protoplasmic 
find  fungus  life,  those  which  prevent  the  production  of  vibrio  life,  but  do  not 

Erevent  the  appearance  of  fungus  life,  those  which  permit  the  production  of  vibrio 
fe,  but  prevent  the  appearance  of  fungus  life,  and  those  which  do  not  prevent  the 
appearance  of  either  protoplasmic  or  fungus  life. 

fho  first  class  contains  only  two  substances,  carbolic  and  cresylic  acids.  In  the 
second  class  also  there  are  only  two  compounds,  chloride  of  zinc  and  bichloride  of 
mercury, 

In  the  third  class  there  are  live  substances,  lime,  sulphate  of  quinine,  pepper, 
turpentine,  aud  prussic  acid.  In  the  fourth  class  is  included  the  remaining  twenty- 
live  substances. 

The  acids,  while  not  preventing  the  production  of  vibrios,  have  a  marked  tendency 
to  promote  the  growth  of  fungi.  This  is  especially  noticeable  in  the  case  of 
sulphuric  and  acetic  acids.  Alkalies,  on  the  contrary,  are  not  favourable  to  the 
production  of  fungus  life,  but  promote  the  development  of  vibrios. 

The  chlorides  of  /inc  and  mercury,  while  completely  preventing  the  development 
of  animalcules,  do  not  entirely  prevent  fungus  life ;  but  I  would  call  special  at- 
tention to  the  interesting  and  unexpected  results  obtained  in  the  cases  of  chlorine 
and  bleaching-po \vder.  When  employed  in  the  proportion  above  stated,  they  do  not 
prevent  the  production  of  \ibrio  life. 

In  order  to  do  so  they  must  bo  employed  in  excess ;  and  I  have  ascertained, 
by  a  distinct  series  of  experiments,  that  large  quantities  of  bleaching-powder 
are  then  necessary  j  but  the  organic  matter  is  also  destroyed,  its  carbon  being  con- 
verted into  carbonic  acid,  and  part  of  its  nitrogen  liberated. 

If,  however,  the  bleaehing-powder  be  not  in  excess,  the  animal  matter  will 
still  readily  enter  into  putrefaction.  The  assumption  on  which  its  employment 
as  a  disinfectant  has  been  bused,  namely  that  the  uilinity  of  the  chlorine  for 
hydrogen  is  so  great  as  to  destroy  the  germs  of  putrefaction,  is  erroneous.  The 
next  class  to  which  I  would  call  attention  is  the  tar  series,  which  gave  no  signs 
of  vibrio uic  or  fungus  life  during  eighty  days.  The  results  obtained  with  sulphate 
of  quinine,  pepper,  and  turpentine  deserve  notice.  None  of  them  prevent  the 
development  of  vibrio^  but  sulphate  of  quinine  and  pepper  entirely  prevent  the 
appearance  of  fungi.  This  fact,  together  with  the  remarkable  eilicocy  of  sulphate 
of  quinine  in  intermittent  fever,  would  lead  to  the  supposition  that  this  disease  is 
due  to  the  introduction  into  the  system  of  fungus-germs;  and  this  is  rendeied  the 
more  probable,  if  we  bear  in  mind  that  these  fevers  are  piwalent  only  in  low 
marshy  situations,  where  vegetable  decay  abounds,  and  never  appear  to  any  extent 
in  dry  climates  even  in  dense  populations  where  ventilation  is  bad  and  put  refaction 
is  rife.  The  results  obtained  in  the  en>e  of  charcoal  show  that  it  possesses  no  anti- 
septic properties,  but  that  it  prevents  tin*  emanation  of  putrid  ^ases  owing  to  itsex- 
traord  nary  porosity,  which  condenses  the  gases,  thus  bringing  them  into  contact 
with  the  oxygen  of  the  atmosphere,  which  oxidizes  and  destroys  them.  The  above 
facts  have  buon  continued  by  a  second  series  of  experiments. 


On  the  Presence  of  Albumen  in  Neutral  Fatsy  and  on  it  2fcw  Process  for  the 
Manufacture  of  tftcaric,  and  Palmitic  Acids,  $'c.  lly  WILLIAM:  LAKX 
CAHPKNTKB,  B.A.,  li.Sc.,  F.C.S. 

In  the  International  Exhibition  of  1871  there!  were  exhibited  specimens  of  very 
fine  stcaric  acid,  made  by  a  new  process  invented  by  Professor  J.  C.  A.  Bock,  of 
Copenhagen.  This  process  the  author  had  studied  practically,  and  had  extended  its 
application  to  vegetable  fats. 

The  disadvantages  of  processes  hitherto  in  use  for  decomposing  neutral  fats  were 
pointed  out.  In  the  lime  saponitication,  either  00  per  cent.above  the  theoretical  quan- 
tity of  lime  was  required,  or  else  a  very  high  pressure.  In  the  various  processes 
of  distillation  the  waste  of  material  was  considerable,  and  the  risk  of  Hre  great. 
Where  water  alone  was  used,  the  high  pressure  required  frequently  burst  the 
vessels  employed*  The  inventor  of  the  process  under  consideration  was  a  scien- 
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tific  man,  of  high  culture,  in  early  years  a  distinguished  surgeon,  and  till  recently 
medical  adviser  at  the  Court  of  Copenhagen.  He  believed  that  nil  neutral  fats 
were  composed  of  minute  globules  of  fatty  matter,  each  one  of  which  was  encased 
in  an  envelope  of  a  substance  which  he  termed  albumen  (in  the  proportion  of  1  to 
2  per  cent,  of  the  whole  fat),  the  existence  of  which  could  be  demonstrated  by  dis- 
solving the  fat  in  ether  or  benzole,  and  precipitating  the  solution  with  water,  when 
the  albuminous  matters  collected  at  the  plane  of  junction  of  the  water  and  the  fatty 
solution.  In  his  opinion,  the  excess  of  alkali,  or  of  heat,  or  of  pressure,  necessary 
to  decompose  a  neutral  fat,  was  required  to  destroy  this  albumen,  with  which  were 
associated  many  of  the  colouriiig-iuatiers.  By  the  use  of  certain  oxidizing  a.gents, 
the  envelopes  of  the  globules  composing  neutral  fat  could  be  disintegrated,  and  sub- 
sequently oxidized,  so  that  their  specific  gravity  was  increased,  and  they  could  then 
be  removed  by  mere  subsidence,  leaving  the  fatty  acids  comparatively  free  from 
colour. 

In  practice,  the  tallow,  heated  to  115°  C.  in  an  open  vat,  is  well  agitated  with 
C  per  cent,  sulphuric  acid  for  a  short  period,  by  which  the  albuminous  envelopes 
are  charred  and  broken  up.  Water  is  then  added,  and  the  blackened  but  still 
neutral  fat  boiled  with  it.  Decomposition  of  the  fat  gradually  takes  place,  the 
degree  of  it  being  judged  of  by  the  mode  of  crystallization  of  the  fatty  acids. 
When  it  is  complete,  the  water  is  run  off,  and  the  glycerine  which  it  contains 
is  purified  from  sulphuric  acid  by  precipitation  of  the  latter  with  lime,  and  concen- 
trated for  sale.  The  blackened  fatty  acids  are  then  subjected  to  the  action  of  a 
solution  of  one  or  more  of  the  following  oxidizing  agents  —  sulphuric,  nitric,  and 
hydrochloric  acids,  bichromate  and  permanganate  of  potash,  and  hypochlorite  of 
lime.  The  albuminous  matters  coagulate  together,  and  increase  so  much  in  specific 
gravity,  that  they  subside  in  a  few  hours,  leaving  the  fatty  acids  of  a  pale  Drown 
colour.  These  acids  are  then  washed,  crystallized,  and  subjected  to  cold  and  hot 
hydraulic  pressing  in  the  usual  manner.  The  products  are  a  stearic  acid  whiter, 
harder,  and  greater  in  quantity  per  ton  of  tallow  than  that  obtained  by  any  other 
method,  and  elaidic  acid  superior  to  that  made  in  any  other  way.  The  author  of 
the  paper  was  engaged  in  extending  the  invention  to  vegetable  fats.  He  illustrated 
the  paper  with  specimens  from  Copenhagen  (sent  expressly  for  the  Meeting)  and 
from  his  own  factory. 

On  the  Mode  of  Collection  of  Samples  of  Deep-sea  Water,  and  of  their  Analysis 
for  dissolved  Gascons  Constituents,  employed  on  board  Jf.Al.S.  'Porcupine* 
during  the  Summers  of  1S6(J  and  1870.  ]3y  WILLIAM  LANT  CARPKNTEB, 
B.A.,  B.Sc.,  F.C.8. 


The  object  of  the  paper  was  to  obtain  a  discussion  on  the  subject,  in  the  hope 
that  a  method  might  be  suggested  more  free  from  error,  and  as  readily  adaptable 
to  the  exigencies  of  shipboard  as  those  hitherto  employed.  The  author  was  the 
first  to  adapt  the  late  Prof.  W.  A.  Miller's  method  to  this  purpose  ;  and  many  of 
the  results  arrived  at  had  been  published  in  the  i  Proceedings  of  the  lloyal  Society  ' 
issued  in  1870.  The  samples  of  water  were  collected  by  a  cylinder  furnished  with 
valves  opening  upwards,  which  was  fastened  to  the  sounding-line.  When  used 
with  certain  precautions,  it  was  believed  that  this  instrument,  simple  as  it  was.  left 
little  to  be  desired.  The  method  of  analysis  consisted  essentially  in  boiling  aoout 
760  cub.  centims.  of  the  sea-water  in  a  vacuum,  and  collecting  the  gas  over  mercury, 
absorbing  the  carbonic  acid  and  oxygen  with  the  usual  reagents.  Unless  tfie 
duplicate  analyses  agreed  closely,  they  were  rejected.  The  average  total  quantity 
of  dissolved  gas  was  2-8  vols.  per  100  vols.  of  'water.  At  the  surface  20  to  25  per 
cent,  of  this  was  carbonic  acid;  but  close  to  the  bottom,  at  great  depths,  this  per- 
centage increased  very  largely,  amounting  to  above  Co  per  cent,  in  one  case. 

In  the  more  northern  latitudes  the  proportion  of  oxygen  was  greater,  and  of  car- 
bonic acid  less,  both  in  surface-  and  bottom-water,  than  in  the  more  southern. 

The  author  then  stated  that  there  was  a  very  generally  received  opinion  that  the 
water  at  great  depths  contained  so  great  an  excess  of  dissolved  gas,  that  when  it 
was  brought  to  the  surface,  and  the  pressure  thus  removed,  the  gas  escaped  with 
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effervescence.  Although  he  had  had  long  experience  of  the  collection  and  analysis 
of  such  water,  he  had  not  seen  any  thing  at  all  to  support  this  view.  While  "ad- 
mitting that  the  pressure  was  sufficient  to  retain  the  excess  of  gas  in  solution  if  it 
were  there,  the  author  was  unable  to  see  where  was  the  source  of  the  supposed 
excess,  since  there  wag  reason  to  believe  that  every  drop  of  water  iii  the  ocean 
came  to  the  surface  at  one  time  or  another ;  and  when  there,  it  became  saturated, 
or  nearly  so,  with  gas  at  the  ordinary  atmospheric  pressure. 

In  the  discussion  which  followed,  the  justice  of  the  view  here  put  forth  about 
the  supposed  excess  of  gases  in  solution  at  great  depths  was  generally  admitted. 
Several  other  methods  of  collecting  samples  of  the  water  were  suggested,  and  also 
apparatus  for  their  analysis;  but  none  of  them  had  been  tried  on  board  ship  at  any 
distance  from  land. 

On  a  proposed  Method  of  preventing  the  Fermentation  of  Sewage, 
By  W.  J.  COOPER. 


Ignition  of  Cotton  Inj  Saturation  with  Fatty  Oils* 
By  JOHN  GAL  LETT,  Y. 

The  following  experiments  have  been  made  with  the  view  of  giving  greater 
precision  to  our  knowledge  of  the  kindling  of  cotton  or  other  exposed  combustible 
materials  which  happen  to  have  imbibed  animal  or  vegetable  fatty  oils.  Graham 
mentions  *  that  "  instances  could  be  given  of  olive-oil  igniting  upon  sawdust,  of 
greasy  rags  from  butter,  heaped  together,  taking  fire  within  a  period  of  twenty-four 
hours."  The  danger  of  fire  from  this  cause  is  familiar  to  those  manufacturers  who 
coat  any  textile  fabric  with  varnishes  containing  drying  oils,  and  also  to  turkey-red 
dyers,  from  the  olive-oil  employed  in  their  process.  Generally,  it  is  stated  in 
Watts's  Dictionary  that  this  combustion  t(  may  take  place  in  intervals  varying  from 
a  few  hours  to  several  weeks,  when  considerable  masses  of  lampblack,  tow,  linen, 
paper,  cotton,  calico,  woollen  stuffs,  ships'  cables,  woodashes,  ochre,  £c.  are  slightly 
soaked  in  oil,  and  packed  in  such  a  manner  that  the  air  has  moderate  access  to 
them"  (Watts's  Diet.  vol.  ii.  p.  880).  Nevertheless  there  is  great  vagueness  about  the 
exact  conditions  in  which  actual  ignition  of  the  mass  would  take  place,  what  size 
of  a  heap  might  be  necessary,  and  the  various  powers  of  different  oils  to  produce  this 
result.  Graham  states,  in  the  'Report'  already  quoted,  that  the  ignition  of  heaps 
of  the  materials  under  discussion  "  has  been  often  observed  to  be  greatly  favoured 
by  a  slight  warmth,  such  as  the  heat  of  the  sun,"  This  is  a  very  important  ob- 
servation. The  author's  iirst  experiments  were  made  at  a  temperature  of  about 
170°  Fahr.,  but  he  had  some  made  at  a  heat  a  little  over  130°,  or  about  the  tem- 
perature a  body  acquires  by  lying  perpendicular  to  the  sun's  rays  ;  the  former  tem- 
perature might  represent  the  heat  attained  in  the  neighbourhood  of  a  steam-pipo 
or  in  front  of  an  open  fire.  For  completeness,  the  author  repeated,  in  this  paper, 
along  with  later  results,  some  observations  published  a  few  weeks  ago  in  the  *  Oil- 
Trade  Journal.' 

Uoiled  Linseed-oil  'with  Cliambcr  kept  about  170°  Faltr. — A  handful  of  cotton 
waste,  after  being  soaked  in  boiled  linseed-oil,  and  removing  the  excess  of  this  by 
wringing,  was  placed  among  dry  waste  in  a  box  17  in.  long  by  7  in.  square  in  the 
ends.  Through  a  hole  in  the  cover  of  this  box  a  thermometer  was  passed,  with 
its  bulb  resting  amongst  the  oily  cotton.  Shortly  after  reaching  tho  temperature 
of  the  warm  chamber,  tho  mercury  began  to  rise  rapidly,  viz.  from  5°  to  10°  every 
few  minutes ;  and  in  75  minutes  from  the  time  the  box  was  placed  in  the  chamber, 
the  heat  indicated  was  360°  Fahr,  At  this  point  smoke  issuing  from  the  box  re- 
vealed that  the  cotton  was  now  in  a  state  of  active  combustion,  and  on  removing 
it  to  the  free  access  of  air  it  burst  into  flame.  In  another  similar  experiment  the 
temperature  rose  more  slowly,  but  reached  280°  Fahr.  in  105  minutes,  when,  from 
the  appearance  of  smoke,  it  was  plain  that  the  cotton  was  burning,  and  the  whole 
mass  was  soon  in  a  llame  on  being  placed  in  a  current  of  air,  On  a  smaller  scale  a 

*  "Report  on  the  Fire  in  tho  ( Amazon,' "  Chem.  Soc.  Quart.  Journ.  vol.  v.  p,  34, 
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quantity  of  the  piled  cotton  that  just  filled  a  common  lucifer-match  box  was  tried; 
\vithin  an  hour  it  was  on  iire,  the  temperature  of  the  chamber  being  160°  Fahr. 

Maw  Linseed-oil,  as  generally  supposed,  does  not  so  readily  set  tire  to  cotton  as 
the  boiled  oil  j  but  in  two  experiments,  where  the  size  of  the  box  employed  was  6£ 
in,  long  by  4£  in,  square  in  the  ends,tactive  combustion  was  going  on  in  the  one 
case  in  five  and  the  other  in  four  hours. 

Rape-oil  put  up  as  in  first  experiment  on  boiled  linseed  resulted,  in  two  trials,  in 
the  box  and  cotton  being  found  in  ashes  within  ten  hours.  The  box  being  put  up 
at  night,  the  result  was  only  observed  in  tho  morning.  In  one  trial  the  cotton  did 
not  ignite  in  six  hours.  The  chamber  in  the  cases  of  this  oil  and  raw  linseed  was 
kept  about  170°  Fahr. ;  with  tho  five  following  oils  at  a  little  over  130°  Fahr.  The 
quantity  of  waste  used  was  loosely  packed  in  a  paper  box,  holding  about  the  six- 
teenth of  a  cubic  foot. 

Gallipoli  Olive-oil. — The  two  trials  made  with  this  oil  gave  closely  similar  results ; 
in  one  case  rapid  combustion  way  going  on  in  a  little  more  than  live,  and  in  the 
other  within  six  hours. 

Castor-oil, — The  oxidation  of  this  oil  proceeds  so  slowly  that  only  on  the  second 
day  the  interior  of  tho  box  was  found  to  be  a  mass  of  charred  cotton.  Its  spec, 
grav.  (963)  is  remarkably  high,  and  its  chemical  nature  very  distinct  from  the 
other  vegetable  oils  tried,  winch  no  doubt  has  some  intimate  connexion  with  its 
slow  oxidation. 

Three  oils  of  animal  origin  were  tried  with  effects  very  distinct  and  instructive. 

Lard-oil,  an  oil  of  an  ordinary  specific  gravity,  viz.  910,  produces  rapid  com- 
bustion in  four  hours. 

Sperm-oil,  which  has  a  specific  gravity  of  only  882,  and  is  not  a  glyceride, 
showed  its  unusual  chemical  character  by  refusing  to  char  the  waste. 

Seal-oil,  which  has  a  strong  fish-oil  odour,  not  unlike  the  sperm,  but  a  specific 
gravity  of  928,  produced  rapid  ignition  in  100  minutes. 

Comparing  raw  linseed  with  lard-  and  seal-oils,  it  would  appear  that  the  state- 
ment is  not  altogether  correct,  that  drying  oils  are  more  liable  to  spontaneous 
combustion  than  non-drying  oils.  The  author  has  also  some  reason  to  believe  that 
the  rate  at  which  oxidation  takes  place  does  not  chiefly  depend  on  the  presence  of 
small  quantities  of  ozotized  or  other  easily  putrofmble  matters,  but  rather  on  the 
particular  olein.  However,  further  inquiry  on  this  point  is  necessary. 

The  author  made  at  least  two  experiments  with  each  oil,  and  got  remark- 
ably uniform  results.  The  ignition  of  tho  cotton  can  bo  calculated  on  for  any  oils 
with  about  the  same  certainty  as  the  point  at  which  sulphur  or  other  combustible 
material  takes  fire  when  heated  in  the  tiir ;  so  that  the  term  spontaneous  combus- 
tion may  be  objected  to,  for  the  same  reason  that  Gerhardt  objects  to  spontaneous 
decomposition  produced  by  oxidation. 

Tho  heavy  oils  from  coal  and  shale  being  chiefly  the  higher  defines,  have  a 
remarkable  effect  in  preventing  this  oxidation,  undoubtedly  by  giving  a  certain 
protection  from  the  ai?,  Mixtures  of  these  oils  with  20  per  cent,  rape,  gave  no 
indication  of  heating  whatever  at  170°  Fahr. ;  and  even  seal-oil,  with  its  own  bulk 
of  mineral  oil  added  to  it,  did  not  at  135°  reach  a  temperature  sufficient  to  char 
the  cotton. 

The  author  hopes  that  these  remarks  will  lead  to  a  more  elaborate  inquiry  into 
this  subject,  both  for  scientific  and  practical  purposes. 


On  the  Dust  thrown  itf)  ly  Vesuvius  durintj  tlie  late  Eruption. 
By  GEORGE  GLADSTONE,  1<\C.S. 

During  the  eruption  which  took  place  this  spring  a  large  quantity  of  fine  powder 
which  had  been  ejected  by  Vesuvius  filled  tho  atmosphere,  and  was  deposited  over 
the  surface  of  the  country  around,  Some  which  tell  at  Oasa  Miceiola,  in  the 
Island  of  Ischia,  at  25  miles  in  a  direct  line  from  tho  volcano,  was  collected  and 
subjected  to  examination.  It  proved  to  consist  entirely  of  silica  and  the  magnetic 
oxide  of  iron.  The  microscope  showed  that  tho  grains  were  very  uniform  in  size, 
and  consisted  of  an  aggregation  of  quartz  crystals  dotted  over  with  still  more 
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minute  crystals  of  the  iron-ore,  possessing  a  hiffh  metallic  lustre.  By  boiling  the 
sand  for  a  sufficient  time  in  hydrochloric  acid,  the  whole  of  the  iron  was  removed, 
find  nothing  but  the  perfectly  white  quartz  remained.  The  specific  gravity  of  the 
sand  was  2;68,  and  the  grains  would  just  pass  through  a  wire  gauze,  the  apertures 
of  which  measured  the  10,000th  part  of  a  square  incli. 

On  comparing  this  with  some  ironsand  which  occurs  mixed  with  the  soil  in 
some  parts  of  the  country  round  Vesuvius,  the  chemical  composition  was  found  to 
bo  the  same,  though  the  grains  of  tlio  older  product  were  rather  smaller,  and  pre- 
sented under  the  microscope  an  unmistakably  water-worn  appearance.  The  spe- 
cific gravity  of  these  was  4'67  ;  and  they  were  more  readily  attracted  by  the  magnet, 
on  account  of  their  possessing  a  larger  proportion  of  iron  relatively  to  the  quartz. 

Both  samples  differ  from  the  magnetic  ironsand  of  New  Zealand  (most  probably 
ejected  from  the  volcano  Mount  Egmont)  in  not  containing  titanium ;  neither  do 
they  contain  by  any  means  so  large  a  proportion  of  iron  oxide  as  compared  with  the 
siliceous  nucleus. 

It  is  probable  that  the  sand  which  fell  during  the  recent  eruption  of  Vesuvius 
varies  considerably  in  the  relative  proportions  of  iron  and  nilica,  and  that  as  the 
heavier  or  tho  lighter  substance  prevailed  would  be  the  distance  to  which  it  would 
be  carried  by  the  wind  from  the  mouth  of  the  volcano. 


On  filiform  Native  Silver.     %  J.  H.  GLADSTONE,  Ph.D.,  FM.S. 

Native  silver  occurs  either  in  bunches  of  crystals  or  in  threads  or  wires  twisted 
in  every  direction,  and  often  bent  at  sharp  angles.  The  fibrous  or  filiform  silver  is 
tough  and  non-crystalline,  though  the  threads  are  sometimes  incrusted  with  crystals 
of  the  same  metal.  It  occurs  iu  association  with  a  variety  of  minerals ;  for  instance 
with  quartz  in  Cornwall,  with  pyrites  in  Saxony,  with  calc-spar  in  Norway,  and 
with  greenstone  in  Chili, 

^  Now  both  electrolysis  and  the  replacement  of  silver  in  solution  by  a  more  posi- 
tive metal  give  the  silver  in  a  crystalline  condition,  and  the  crystals  often  closely 
resemble  those  found  in  nature.  But  if  nitrate  of  silver  dissolved  in  water  is 
allowed  to  act  upon  suboxide  of  copper,  there  shoot  forth  after  a  little  time  white 
filaments,  which  often  run  rapidly  forwards  into  the  liquid,  or  twist  sharply  round, 
or  perhaps  even  double  back  on  their  course  precisely  like  the  native  filiform 
metal.  This  under  ordinary  circumstances  is  only  visible  by  moans  of  the  micro- 
scope, and  most  of  the  threads  are  so  fine  that  their  diameter  is  oijly  about  the 
-ToTTd  °f  an  inch,  and  a  gramme  of  such  wire  would  hiretch  from 'London  to 
Brighton.  Many  are  very  much  finer  than  this,  while  others  again  are  much 
thicker.  They  never  ramify  or  show  tho  usual  signs  of  crystalline  structure. 
Crystalline  silver,  however,  will  sometimes  be  deposited  on  those  filaments,  or  they 
will  terminate  in  thick  crystalline  knobs ;  and  under  certain  circumstances  crystal- 
line tufts  may  make  their  appearance  from  the  commencement.  As  the  silver 
grows,  the  yellow  or  red  suboxide  of  copper  becomes  black  in  colour.  The  reaction 
might  be  supposed  to  be 

2(AgNOa)4-CuaOB2Ag+CuO+Cu(NOa)aj 

and  no  doubt  this  decomposition  occurs;  but  the  solid  residue  was  found  to  con- 
sist not  merely  of  black  oxide  of  copper  and  threads  of  silver,  but  also  of  an  inso- 
luble basic  nitrate, 

Mineral  suboxido  of  copper  was  found  to  give  the  fibrous  metal  with  silver 
nitrate,  just  as  the  oxide  which  had  been  artificially  prepared ;  but  attempts  to 
prepare  the  metallic  threads  by  means  of  the  chloride  of  silver  in  saline  solutions 
were  unsuccessful,  

On  the  mutual  litlpfulness  of  Chemical  Affinity,  Heat,  and  Electricity  in 
producing  the  Decomposition  of  l\rutet\  By  J.  II.  GLADSTONE,  F.R.8.,  and 
ALFRED  TBIBE,  F.C.8. 

Some  nietals  are  able  of  themselves  to  displace  the  hydrogen  of  pure  water,  while 
other  metals  are  unable,  Zinc,  if  perfectly  pure*,  is  'just  incapabte  of  doing  so  5  but 


76 


REPORT — 1872* 


if  it  be  brought  into  contact  with  another  metal  still  further  removed  from  the 
power  of  eifecting  the  decomposition  of  water,  the  electric  force  started  by  the  con- 
tact of  the  two  metals  enhances  the  chemical  affinity  sufficiently  to  make  it  effec- 
tive ;  or  (otherwise  expressed)  the  joint  tension  upsets  the  state  of  equilibrium 
between  the  oxygen  and  hydrogen.  The  junction  of  the  metals  may  bo  made 
outside  the  water  by  a  wire,  and  the  amount  of  action  may  be  determined  by  a 
Thomson's  galvanometer.  The  effect  of  varying  the  distance  of  two  plates  of  zinc 
and  copper  was  tried ;  and  it  was  found  that  the  chemical  action  increases  slowly  till 
the  plates  are  within  about  an  inch  of  one  another,  but  on  continuing  to  bring  them 
nearer  the  action  increases  at  a  rapidly  accelerating  ratio.  If  the  water  be  heated 
when  it  is  exposed  to  this  joint  action  of  chemical  and  electrical  force,  it  decom- 
poses more  readily.  In  experiments  made  with  two  plates  about  T5  inch  distant 
from  one  another,  the  deflection  of  the  galvanometer  showed  that  the  effect  of 
raising  the  temperature  from  40°  C.  to  80°  0.  was  more  than  double  of  that  between 
20°  0.  and  40°  C, ;  but  in  an  experiment  made  where  the  copper  was  deposited  in 
a  spongy  condition  on  the  zinc,  and  the  hydrogen  gas  produced  was  collected,  the 
following  numbers  were  obtained  :-— 


Mean 
temperature. 

Duration  of 
experiment. 

Hydrogen 

collected. 

Hydrogen 
per  hour. 

o 

cub.  centims. 

cub.  centims. 

'2-2  C. 

.3  hours, 

8-4 

1-1 

22-2  „ 

2     „ 

11-1 

5-5 

34-4  „ 

45  minutes. 

10-4 

13-0 

55-0  „ 

15        „ 

15-5 

02-0 

74-4  „ 

10        „ 

20-1 

1740 

93-0  „ 

5        » 

44-0 

528-0 

The  last  column  shows  the  extraordinary  acceleration  of  the  action  due  to  heat. 

Magnesium  is  capable  by  itself  of  decomposing  water  ;  but  its  action  is  greatly 
increased  by  touching  it  with  a  piece  of  copper,  and  some  of  the  hydrogen  gas  then 
makes  its  appearance  on  the  copper  plate. 

If  instead  of  magnesium  we  take  a  metal  less  capable  than  zinc  of  decomposing 
water,  we  still  find  a  deflection  of  the  galvanometer  if  it  be  united  with  another 
metal  still  more  (( negative."  The  order  for  pure  water  seems  to  be  : — platinum, 
silver,  copper,  iron,  tin,  lead,  zinc,  magnesium. 

Experiments  were  made  on  the  effect  of  electrical  action  by  using  the  force 
generated  in  one  cell  of  Danicll,  instead  of  the  force  generated  by  the  contact  of 
the  metals  experimented  on.  It  might  bo  inferred  that  the  electrolysis  of  water 
would  be  more  easily  effected  between  poles  made  of  a  metal  that  has  a  consi- 
derable affinity  for  oxygen  than  between  poles  of  a  metal  which  has  little  affinity. 
And  so  it  is.  When  zinc  poles  were  used,  there  was  found  to  be  more  than  double 
the  action  that  there  was  when  platinum  poles  of  the  same  size  and  at  tho  same 
distance  were  employed.  The  order  of  efficiency  for  poles  in  the  electrolysis  of 
water  seems  to  be : — platinum,  tin,  silver,  copper,  iron,  lead,  zinc,  magnesium* 
After  a  few  minutes  the  power  of  tin  was  found  to  rise  above  that  of  copper.  The 
other  metals  are  in  the  same  order  as  in  the  previous  list,  where  they  themselves 
produced  the  electricity  by  their  joint  action  on  water. 

The  effect  of  heat  on  the  electrolysis  of  water  was  tried  with  two  zinc  poles. 
The  deflection  increased  about  fourfold  between  5°  C.  and  80°  C,,  and  the  action 
increases  nearly  paripassu  with  the  temperature. 

If  instead  of  employing  two  poles  of  the  same  metal  we  use  dissimilar  metals, 
we  have  a  current  established  by  these  two  metals  which,  according  to  its  direction, 
either  adds  to  or  subtracts  from  tho  current  originating  in  the  Daniell's  cell. 
Thus  if  two  poles  of  platinum  be  employed  the  effect  with  water  is  very  minute  ; 
but  if  the  negative  polo  be  replaced  by  one  of  zinc,  pure  water  is  decomposed  by 
one  cell  of  Daniell's  battery  with  visible  evolution  of  hydrogen  gas,  The  expert 
was  performed  quantitatively  with  poje.s  of  qjlyer  and  SJJJQ,  , ,  ,.  ,',•,,„,, 
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Positive.  Negative.  Deflection. 

Silver.  Silver.  27 

Zinc,  Silver,  5*2 

Silver,  Zinc.  7 

Zinc.  %    Zinc.  33 

When,  therefore,  the  dissimilar  metals  were  employed  as  poles,  the  decomposition 
of  the  water  was  not  the  mean  of  that  producible  by  silver  and  by  zinc,  viz.  30,  but 
30  -f  22  when  the  two  forces  acted  in  the  samo  direction,  and  30  —  23  when  they 
acted  against  one  another. 

On  a  Powerful  Galvanic  Battery.     Bij  the  Rev.  II.  Ilrairrojs",  M.A. 

The  following  combination  forms  a  cheap  and  simple  galvanic  battery,  with  no 
fumes  or  other  inconveniences.  The  negative  plate  is  carbon  packed  in  a  porous 
ceil  with  precipitated  sulphur,  peroxide  of  manganese,  and  granulated  carbon,  filled 
up  with  dilute  acid.  Sulphuric  is  the  best.  Fur  the  positive  plate,  zinc  is  placed  in 
a  solution  of  caustic  potash  or  soda. 

The  author  stated  that  the  potential  is  about  2-G  or  2-7  volts,  and  nearly  50  per  cent, 
higher  than  a  Grove  battery,  and  that  one  cell  will  abstract  magnesium  from  its  salts. 
The  internal  resistance  is  rather  large.  If  a  solution  of  common  salt  be  used  for  tho 
positive,  the  potential  is  about  10  per  cent,  higher  than  a  Grove  j  and  with  dilute 
sulphuric  acid  in  the  positive  part  of  the  cell  it  is  about  the  «ame  as  a  Grove.  In 
the  last  case  there  is  no  occasion  for  the  sulphur  in  the  negative.  The  internal 
resistance  of  this  last  form  is  small  j  in  the  second  form  not  great. 


On  the  effect  upon  Meteoric  Iron,  as  regards  the  capability  of  bchi'f  fon/rd,  of 
2^revioas  heutiny  to  redness  or  luhitcncss  in  vacuo.  11  y  Frotessor  J.  \V.  M  XT/LI: r, 
University  of  Viryinia. 

Three  specimens  were  exhibited  of  meteoric  iron  from  Augusta  Co.,  Virginia. 
Of  these,  the  lirst  had  been  cut  from  the  original  mass  by  a  plauing-machine,  and 
without  further  preparation  had  been  forged  into  a  tolerably  perfect  blade  for  a 
paper-knife.  The  second  had  been  heated  to  strong  redness  in  a  porcelain  tube 
rendered  vacuous  by  a  Sprengel's  pump  (for  the  purpose  of  examining  the  occluded 
gases),  and  had  then  been  with  much  diliiculty  forged  into  a  blade  ot  similar  kind, 
in  which  cracks  and  flaws  were  visible. 

The  third  had  been  heated  in  like  manner  in  vacuo,  but  to  a  white  heat ;  and  this 
specimen,  it  was  found,  could  not  be  forged  at  all,  crumbling  under  the  hammer 
when  re-lieated. 

The  conceivable  causes  of  this  difference  were  briefly  discussed,  such  as  the  more 
or  less  complete  removal  of  the  occluded  gases,  changed  state  of  combination  of 
the  phosphorus  (and  sulphur),  and  melting  out  of  phosphide  of  iron,  leaving  the 
iron  porous.  _____ 

On  the  Fusion  of  Metallic  Arsenic. 
By  Professor  J.  W.  MALLEI,  University  of  ftryinia. 

Experiments  on  this  subject  made  by  Mr.  Dunnington  and  Mr.  Adger  (students 
in  the  Laboratory  of  the  University  of  Virginia),  under  the  author's  direction,  were 
described. 

These  experiments  had  been  undertaken  in  view  of  the  generally  repeated  state- 
ment that  arsenic  cannot  be  fused,  but  passes  directly  from  the  solid  into  the 
vaporous  state,  and  that  an  attempt  to  secure  increased  pressure  by  using  a  sealed 
tube  only  results  in  bursting  the  tube.  The  statement  by  Landolt  *  (given  apparently 
without  further  details),  that  by  using  a  glass  tube  enclosed  in  one  of  iron,  the  metal 
heated  for  some  time  to  low  redness  under  pressure  may  be  melted  into  globules,  was 
noticed  only  after  the  experiments  to  be  mentioned  had  been  made. 

*  Vorhandl.  d.  niederrhein.  Gesellsclmft  vom  4.  August  1859,  quoted  in  Will's  Jahres- 
berieht  for  1851>,  p.  1*2. 
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Arsenic  in  the  form  of  small  fragments  and  coarse  powder,  was  placed  in  a  thick 
barometer-tube  of  soft  glass  and  of  small  bore,  well  sealed  at  both  ends  and  enclosed 
in  a  piece  of  wrought  iron  gas-tubing,  closed  at  each  end  by  an  iron  screw  cap ;  the 
space  between  the  two  tubes  was  filled  with  sand,  well  shaken  down ;  and  the 
whole  was  heated  to  redness  by  a  charcoal  fire.  Another,  similar  iron  tube, 
placed  beside  the  former,  served  to  contain  several  little  glass  tubes  with  samples 
of  different  metals,  whose  fusion  might  afford  some  indication  of  the  temperature 
at  which  that  of  the  ar.senic  occurred. 

Arsenic  thus  treated  was  found  on  cooling  to  have  fused  into  a  perfectly 
compact,  crystalline  mass  of  steel  grey  colour  and  brilliant  lustre,  of  sp.  gr.  =5-709 
at  li)°  C. 

It  possessed  a  considerable  degree  of  cohesive  strength  as  compared  with 
common  sublimed  arsenic,  and  even  seemed  to  exhibit  faint  traces  of  flattening 
before  crushing  under  the  hammer.  It  gradually  tarnished  on  exposure  to  the  air, 
and  presented  all  tho  chemical  properties  of  ordinary  crystalline  arsenic  obtained 
by  sublimation.  The  temperature  required  for  fusion  lies  between  the  melting- 
points  of  antimony  and  silver. 

The  glass  tube  used  was  found  greatly  distended  by  the  tension  of  the  vapour ; 
and  the  siliceous  sand — even  when  of  the  purest  kind  (from  Fontainebleau)  and 
previously  well  washpd  with  hydrochloric  acid,  and  then  with  water — was  cemented 
together  (in  a  way  very  interesting  in  connexion  with  the  history  of  metamorphism) 
into  a  kind  of  artificial  sandstone. 

Specimens  of  fused  and  semifixed  arsenic,  and  of  the  tubes  surrounded  by  a  thick 
crust  of  compacted  sand,  were  exhibited  to  the  Section. 


On  tlie  occurrence  of  Native  Sulphuric,  Acid  in  Eastern  Texas. 
By  Professor  j.  "W.  MALLET,  University  of  Viryinia. 

Not  far  from  the  Gulf  of  Mexico,  and  within  twenty-five  or  thirty  miles  to  the 
westward  of  the  Neches  river,  there  occur  at  several  localities  (in  some,  instances  in 
the  woods,  in  others  in  the  midst  of  open  prairie)  small  drainage  wells  and  shallow 
pools  of  water  strongly  sour  to  the  taste.  This  sourness  is  due  to  the  presence  of 
free  sulphuric  acid,  which  is  accompanied  by  various  salts,  especially  aluminium  and 
iron  sulphates.  At  most  of  these  points  gases  are  continually  escaping  (hydrogen 
sulphide,  marsh-gas,  and  carbonic  anhydride),  tho  bubbles  burning  readily  on  the 
application  of  a  light. 

At  the  bottom  of  the  water,  in  some  instances  (as  at  ono  point  whore,  by  moans 
of  an  artificial  bank,  a  pond  has  been  formed  some  250  feet  in  diameter,  known 
locally  as  the  "  Sour  Lake  ")  an  earthy  crust  with  intermingled  free  sulphur  is 
observable. 

A  thick,  tarry  variety  of  petroleum  is  found  oozing  from  the  surrounding  soil, 
occasionally  to  such  an  extent  that  sods  taken  up  with  a  spade  are  set  on  fire,  and 
used  to  give  light  in  the  open  air  at  night.  At  a  point  in  Louisiana,  some  fifty  or 
sixty  miles  further  east  (where,  however,  the  acid  water  does  not  occur,  though 
combustible  gas  and  petroleum  are  met  with  on  the  surface)  a  most  remarkable 
bed  of  native  sulphur,  100  feet  in  thickness,  has  been  reached  at  the  depth  of 
450  feet  by  boring,  and  a  shaft  is  being  at  present  sunk  for  its  exploitation.  This 
large  mass  of  native  sulphur  is  more  or  less  mingled  with  calcium  carbonate,  and 
underlain  by  gypsum. 

The  circumstances  connected  with  the  occurrence  together  in  this  region  of  com- 
bustible gases,  petroleum,  sulphur,  sulphuric  acid  and  gypsum,  are  of  great  interest 
in  relation  to  the  mineral  history  of  native  sulphur. 

The  sulphuric-acid  water,  which  seems  to  be  probably  altogether  of  superficial 
origin,  is  worthy  of  notice  from  the  unusual  strength  occasionally  attained.  The 
water  varies  very  much  at  the  different  localities  and  at  different  times.  In  one  in- 
stance a  specimen  examined  by  Dr.  Mallet  contained  no  less  than  5-290  grammes 
free  sulphuric  acid  (HaSOJ  to  the  litre,  or  370  grains  to  the  imperial  gallon— this 
exceeding  any  amount  hitherto  reported  from  other  localities,  unless  the  acid  spring 
ot  the  Paramo  de  lluiz  in  New  Granada  bo  an  exception,  examined  by  Lewy,  who 
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does  not  state  precisely  how  much  of  the  very  large  quantity  of  sulphuric  acid  found 
is  uncombined  with  bases.  The  water  of  the  Rio  Vinagre,  flowing  from  the  volcano 
of  Purace  in  the  Andes  of  Popayan,  as  described  by  Humboldt  and  Boussingault, 
contains  only  Ml  of  free  sulphuric  acid  (S03  ?)  in  1000  parts  of  the  water,  with 
•91  of  hydrochloric  acid. 

It  is  said,  on  the  authority  of  Confederate  officers  having  served  west  of  the 
Mississippi,  that  during  the  blockade  of  Southern  ports  the  galvanic  batteries  of 
telegraph  offices  in  Texas  and  Western  Louisiana  were  worked  with  this  native 
sulphuric  acid. 

On  the  occurrence  in  recent  Pine  timber  of  Ficlitelite,  a  Hydrocarlon  Jiitlicrto 
only  known  in  a  fossil  state.  By  Professor  J.  AV.  MALLET,  University  of 
Virginia, 

Rome  nearly  colourless  crystalline  crusts  found  in  clefts  between  the  annual  rings 
of  growth  of  a  log  of  long-leafed  pine  (Phuis  (n/str<ili*)  in  Alabama,  were,  found  to 
dissolve  in  boiling  alcohol  (more  easily  in  ether),  and  on  cooling  to  crystallize  with 
greater  distinctness  in  monoclinic  forms. 

A  specimen  was  exhibited  of  this  material  purified  by  two  or  three  recrystal- 
lizations.     It  had  been  found  to  agree    perfectly  in  physical  and  chemical  pro- 
perties with  the  Fichtelito  of  Bromeis  and  Clark,  and  on  analysis  yielded 

Carbon  ......  8?-8^ 

Hydrogen.  ,  ,  .11-01 


agreeing  with  the  formula  .r  (C'51TJ.     The  filing-point  was  found  =  45°  C. 


On  Dr.  Mofitfs  Tvle  Ozonomctcr.     Ry  T.  MOFFAT,  M.D.,  F.G.S. 

The  tube  ozonometer  is  a  square  tube  of  four  inches,  and  four  feet  long.  It  is 
carried  upon  a  post  about  four  feetlii^h,  and  turns  upon  a  pivot,  so  that  the  opening 
is  kept  constantly  to  the  wind  by  means  of  flanges.  In  the  middle  of  the  upper 
surface  there  is  a  slit,  through  which  a  clip  passes  into  the  tube,  by  which  is  sus- 
pended a  test-paper.  The  test-paper  is  changed  every  morning  and  evening.  Twice 
daily  the  quantity  of  air  which  passes  through  the  tube  is  ascertained  by  means  of 
"Hiram's  4J-inch  anemometer.  At  each  observation  the  numbers  registered  by  the 
anemometer  are  reduced  to  square  feet. 


On  tlie  Action  of  Pltospliorus  on  Alkaline  Solutions  of  Metals. 
]li  Dr. 


On  the  Crystallization  of  8a?te  in  Colloid  Solutions.     Ry  Dr.  ORD. 


The  Crystallograyhic  System  of  fount?,  7iilfario~  supposed  to  be  regular,  is 
quadratic,     By  llcrr  G,  VOM  BATH. 

Any  one  observing  the  crystals  of  Leucite  implanted  in  the  cavities  of  the  lime- 
stone blocks  ejected  by  Monte  Somma,  the  ancient  crater  of  Vesuvius,  may  see  cer- 
tain streaks  covering  'their  faces.  The  phenomenon  will  be  found  continually  re- 
curring, and  in  fact  to  be  characteristic  of  the  crystals  of  Leucite.  That  they  obey 
a  regular  order  is  seen  in  fig.  1.  The  streaks  are  parallel,  either  to  the  shorter 
edges,  or  to  the  symmetric  diagonals  of  the  trapezoidal  faces.  Parallelism  between 
the  streaks  and  the  longer  edges  does  not  occur.  If  the  streaks  extend  to  an  edge, 
they  paws  it  and  continue  on  to  the  neighbouring  face  in  auch  a  way  that  the  streak 
always  remains  in  the  same  plane.  This  plane,  if  we  consider  the  form  of  Leucite 
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a  regular  icositetrahedron,  cuts  off  the  symmetric  corners  of  tho  Leucite-form  ; 
that  ia  to  say,  this  plane  is  a  face  of  tho  rhombic  dodecahedron. 

Examining  the  nature  of  these  streaks,  the  author  found  them  to  he  not  merely 
superficial,  but  to  correspond  to  plates  of  twinning.  Sometimes  the  streaks  are  of 
a  perceptible  thickness,  allowing  the  observation  that  their  surface  reflects  light  in 
a  somewhat  different  position  from  that  in  which  the  face  reflects  it,  in  which  the 

Fig.  1. 


streaks  are  imbedded.  When,  for  example,  a  face  reflects  light  in  such  a  manner 
that  it  is  brilliant,  then  the  streaks  are  dull.  If  now  the  crystal  is  turned  round 
an  axis  parallel  to  these  streaks  about  5°,  the  plates  of  gemination  become  bright, 
whilst  the  face  itself  becomes  dull.  If  the  experiment  is  made  where  the  streaks 
run  in  a  diagonal  direction  over  the  faces,  a  smaller  rotation  (about  3 1°)  is  required. 

It  must  be  remembered,  however,  that  in  the  regular  system  a  gemination 
parallel  to  a  face  of  the  rhombic  dodecahedron  is  not  possible.  Therefore  it  follows 
that  the  crystals  of  Leucite  above  described  cannot  belong  to  the  regular  system. 

In  order  to  verify  this  conclusion,  the  author  examined  the  crystals,  and  found 
those  edges  which  ought  to  be  identical,  supposing  the  system  to  be  "regular/'  dif- 
fering from  one  another  to  the  extent  of  3°  52',  The  form  of  the  Loucitc  is  qua- 
dratic ;  the  supposed  icositetrahcdron  is  a  combination  of  a  square  octahedron  o  with 
a  dioctahedron  i : 

o=(a:a:  r),  P, 
»=(£«:  ia:  c),  4P2. 

Furthermore,  the  author  observed  the  following  forms  of  the  first  acute  octahe- 
dron (u)  (^a  :  oo  «  :  c),2P  oo  5  the  first  quadratic  prism  (a  :  a  :  oo  c),  oo  P. 

With  regard  to  the  twinned  forms,  a  face  of  the  octahedron  (J^a  :  oc  a  :  c)  is  tLe 
twin -plane. 

The  parametric  ratio  of  the  axis  of  Leucite  is  the  following : 

a  (lateral  axis)  :  c  (vertical  axis)  =1-8908  :  1,  or  1  :  0-52G37. 

This  ratio  was  derived  from  the  measure  of  the  lateral  edge  of  the  dioctahedrou 
•':«'= 133°  68;. 
The  following  angles  are  calculated  from  tho  parametric  ratio  above  mentioned. 

Polar  edge  of  o =138    3 

Lateral  edge  of  o =   73  19 

Polar  edge  of  u =118  19 

Lateral  edge  of  u   =  92  50 
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The  polar  edges  of  the  dioctaliedron  i  are  146°  0'  28"  and  13P  23'  16",    Calcu- 
lation gives  the  following  angles  :  — 


1=14(5  37 


o 

n    o=I 

u   *=] 


For  the  twin  we  have  the  angles 

o  :  i  or  o  :  2  =  175  8,V 
t  :  t  =  170  SO  J. 
The  following  measures  will  show  how  perfectly  some  of  the  crystals  arc  developed. 

Crystal  1. 

0  '  o'  =1:?0    6  (calculated  L°,0°  3'). 
(>*;  o"  =  129  58  (imperfect  reflection). 
i:  t   =133  58  (calculated  133°  58'). 

1  :  i  =  1  84    0  another  edge. 
til  =  L'}3  55        „        „ 

i:  i'  =131  24  (calculated  131°  23}'). 

/:*•'=  131  23 

i  :  i"  =  140    8  (calculated  14(>°  9V). 

*:*"=14fl  12 

*•:»•"  =  140  10 

Crystal  2. 

*:  /'  =131  2:U 

£:V  =131  23~ 

«:Vf=140     9 

i:t'=I4(\    0 

i:  r=14fi  13 

t  :  e   =  133  59 

o  :  i'  =M(J  3(>  (calculated  146C  37). 

o  :  i  =14(3  37  „  „ 

Crystal  3. 

o  :  i  =146  38  (calculated  140°  37'). 
o  :  t   =146  35^          „  „ 

o  :  i  =175    8  (calculated  175°  8J'). 
o  :  t   =175  11  „  „ 

Each  measurement  deals  with  a  different  edge. 

These  data  are  an  exact  confirmation  of  the  deduction  made  from  the  law  of 
twin  forms.  The  crvstallographic  system  of  Leucite  is  quadratic,  not  regular.  It 
might  be  supposed  that  perhaps  the  crystals  of  Leucito  implanted  in  the  cavities  or 
geodes  of  the  matter  ejected  hy  Vesiuius  were  difltirrnt  from  the  Leucites  included 
in  the  lava  of  Vesuvius  and  of  the  neighbourhood  of  Home.  The  author  therefore 
made  an  analysis  of  the  crystals  measured  above,  and  found  the  following  compo- 
sition :  — 

Silica    ......   55*21 

Alumina  ....  2370 

Lime  .......  '0-43 

Potash  ......   19-83 

Soda  .......     1-21 


Specific  gravity=2'479, 

The  composition  of  the  quadratic  Leucite  is  therefore  the   same  as  was  re- 
quired hy  the  formula  j   and  we  must   conclude  that  all  Leucite,   implanted  or 
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.included,  is  quadratic.  The  way  in  which  the  octahedron  and,  dioctahedron  are 
balanced  in  Leucite  is  an  exceptional  fact  in  mineralogy.  The  streaks  seen  on 
Leucite  under  the  microscope  oy  polarized  light  are  now  explained;  they  aro 
twin  plates.  And  the  double  retraction  of  Leucite  is  explained.  It  is  not  ne- 
cessary to  have  recourse  to  the  lamellar  polarization  of  Biot  iu  order  to  explain 
the  double  refraction  of  Leucite, m 

On  el  Curve  Illustrating  the  British  Gold  Coinage* 
By  W,  CiUNJ)i,utt  EGBERTS,  1\C,8. 


On  the  Amount  of  Heat  required  to  raise  Elementary  Bodies  from  the  absolute 
zero  to  their  state  of  Fusion t    By  E.  SCIIENK,  Ph.D. 

The  scale  of  absolute  temperature  is  now  so  much  used  in  the  mechanical  theory 
of  heat,  that  the]absolute  zero  of  temperature  has  in  some  degree  lost  its  hypothetical 
character.  Now,  if  we  assume  that  a  body  at  —275°  is  completely  deprived  of  heat, 
we  can  calculate  the  total  heat  present  in  it  at  any  other  temperature,  provided  that 
we  know  either  all  or  several  of  the  following-  data — Hie  specific  heats  in  its  three 
states  of  aggregation  and  its  latent  heat  of  fusion  and  of  vaporization,  besides  its 
melting-  and  its  boiling-point.  As  it  appeared  to  me  of  interest  to  compare  the  total 
heats  possessed  by  different  bodies  in  analogous  conditions,  I  intended  to  calculate 
them  first  for  the  gaseous  state,  as  it  was  likely  that  any  relationships  existing 
between  them  might  then  be  exhibited  in  the  most  simple  manner,  Finding,  how- 
ever, that,  with  the  exception  of  water,  there  is  not  a  single  body  with  regard  to 
which  all  the  required  data  are  known,  I  was  obliged  to  confine  myself  to  a  few 
elements,  of  which  the  specific  heat  in  the  solid  state,  the  melting-point,  and  the 
latent  heat  of  fluidity  have  been  determined.  I  calculated  first  the  total  amount 
of  heat  required  by  these  bodies  to  be  raked  from  the  absolute  zero  of  temperature 
just  to  the  point  of  fusion,  by  multiplying  their  specific  heat  in  the  solid  state  into 
the  melting-point,  as  expressed  in  the 'absolute  ecale,  and  adding  to  the  product  the 
latent  heat  of  fusion.  The  results  aro  given  in  the  last  column  but  one,  but  do  not 
seem  to  exhibit  any  peculiarities.  That  some  of  these  numbers  are  almost  exactly 
half  as  great  as  others,  may  be  mere  chance.  By  multiplying  the  numbers  which 


Substance, 

Melting  point 
from 

Specific 
lioat  in 
the  solid 
blate. 

Latent 
heal,  of 
fusion. 

Total  heat 
required  to 
bring  1 
gramme 
from 
-73°  to 
fho  state 
of  I'usTon- 

Atomic 
weight 

Total  Heat  re- 
quired  to  bring 
atomic  propor- 
tions expressed  in 
grammes  from 
-273°  to  the 
etatoof  fusion. 

(TO. 

the  ab- 
solute 
zero. 

Zinc   

4:  33 
320 
255 
332 

1000 
270 

59 

700 
593 
508 
005 
1275 
5J3 
254 
380 
388 
317 
206 
273 
683*5 
012-5 

000565 
0-05G()9 
0-05023 
0-0314 
0-05701 
0-0300 
0-03102 
t)-05412 
•20259 
•18870 
•08432 
•505 
•27821 
•23875 

281 
13-0 
14-25 
5-4 
21-1 
12-6 
2-82 
11-7 
9-4 
5 

79 
03 

47-4 

95-00  X     05-2=  0233-12     0-2 
47-2     x  112    =  5286-4       5-2 
42-81  X   118    =  5051-G       5-0 
24-39  X  207    =  5048-73     5-0 
93(57  X   108    =10116-36   10-1 
29-2     X  210   =  OJ32          0-1 
10-289  X  200   =  2057-8      2-0 
32-26  x  127   =  4097-02     4-0 
89        X     32    =  2848          28 
04-81   x     31    =  2009-1       2-0 
80 
216-865X     18    =  3903-57     3-9 
225-53  x     85    =19153-05    19-1 
193-5     x  101    =19543-5     19-5 

Cadmium  
Tin  

Lead  

Silver  

Bismuth    

Iodine    

107 
115 
44 
-7 
0 
310-5 
339-5 

Sulphur  

"Phosphorus   

Bromine  

Water    

Sodium  Nitrate  
Potassium  Nitrate.  . 
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express  the  total  heats  possessed  by  eaual  weights  (we  may  say  by  1  gramme)  of 
different  elements  oy  the  atomic  weights  of  the  corresponding  elements,  I  obtained 
the  numbers  tabulated  in  the  last  column,  in  which  we  at  once  observe  a  remarkable 
coincidence  of  the  numbers  for  the  elements  cadmium,  tin,  and  lead.  Besides,  it 
deserves  to  be  noticed  that  the  second  figure  is  in  all  cases  either  0,  1,  2  or  8 ;  so 
that  if  we  retained  only  the  first  figure,  with  the  second  as  a  decimal,  the  numbers 
obtained  would  not  differ  very  much  from  whole  numbers. 

As  the  experimental  data  which  I  have  used,  although  the  best  obtainable,  leave 
much  to  bo  desired,  and  as  from  the  recent  experiments  of  Weber  it  appears  that 
the  specific  heat  varies  with  tho  temperature,  I  will  not  venture  upon  any  further 
remarks,  but  confine  myself  to  drawing  attention  to  the  fact  that  between  the  total 
heats  possessed  by  different  bodies  in  comparable  conditions,  there  scorn  to  exist 
numerical  relationships  which  possibly  may  come  out  more  clearly  when  more  data 
are  bo  known,  

On  an  improved  form  of  Filter  Pump.     By  T.  E.  Tnonri:,  F.1LS.E. 

In  the  St.  Petersburg  Correspondence  of  the '  Berichte  der  Deutschen  Chemischon 
GeselLschaft J  (No.  7, 1872),  Dr.  MendelejefV  described  a  new  filter  pump,  constructed 
by  ITrn,  Jagno,  of  Moscow.  It  consists  of  a  tube  about  1  metro  in  length,  and  from 
8-10  millimetres  in  diameter,  to  tho  side  of  which,  at  about  3-5  centimetres  from 
the  upper  end,  ia  affixed  a  side  tube  about  5  centimetres  in  length.  Tho  upper 
end  of  the  vertical  tube  is  cut  slantwise,  and  is  connected  by  means  of  a  strong 
caoutchouc  tube  with  a  stopcock  iu  connexion  with  the  water-supply.  In  the  hori- 
zontal side  tube  is  also  fixed  a  caoutchouc  tube  at  least  1  centimetre  in  outside 
diameter,  the  walls  of  which  must  be  not  less  than  2-8  millimetres  in  thickness. 
The  end  of  this  caoutchouc  tube  is  pushed  within  the  horizontal  side  tube,  and  enda 
in  a  Bimsen's  valve  ;  i,  e.  a  piece  of  pla^s  rod  is  inserted  into  the  end,  and  the  tube 
is  cut  by  a  single  blow  ou  a  chisel.  The  edges  of  the  slit  are  thus  sharp,  and  on 
outward  pressure  being  applied  to  the  tube,  they  readily  and  completely  adhere, 
making  a  perfectly  air-tight  conjunction.  The  other  end  of  the  caoutchouc  tube  i^ 
connected  with  tho  vessel  to  be  exhausted.  On  allowing  water  to  flow  through  the 
vertical  tube,  the  caoutchouc  tube  rapidly  pulsates  from  the  opening  and  shutting  of 
the  valve.  Energetic  suction  is  thus  set  up  j  and  it  is  easy  by  the  fall  of  water 
through  the  1  metre  to  obtain  a  vacuum  equivalent  to  700  millims.  of  mercury.  Tho 
working  of  the  apparatus  obviously  depends  upon  the  principle  of  the  hydraulic 
ram;  it  is  readily  set  up  at  a  small  cost,  and  will  doubtless  take  tho  place  of  tho 
Bunsen  filter  pump,  as  it  obviates  the  necessity  of  a  tall  of  30  feet.  There  are  a 
few  disadvantages  connected  with  the  use  of  tho  caoutchouc  valve  ubovo  described : 
owing  to  tho  diminution  of  its  elasticity  by  long-continued  working,  its  efficacy 
diminishes  after  a  lime  ;  it  not  only  fails  to  bring  about  rapid  exhaustion,  but  it 
permits  of  the  back-flow  of  the  water  so  soon  as  the  conjunction  of  its  ed^es  ceases 
to  be  perfect.  To  obviate  these  inconvenience?,  the  author  has  devised  an  improved 
form  of  valve.  At  the  end  of  the  side  tube  is  a  funnel-shaped  cono  of  metal,  pierced 
near  its  apex  \rith  a  number  of  holes ;  into  the  cone  is  fitted  a  sheet  of  unvulcauized 
caoutchouc,  shaped  like  a  filter;  this  presses  against  the  sides  of  tho  cone,  and 
effectually  prevents  the  entrance  of  air  or  water  from  without.  Tho  slightest 
pressure  from  within  is  sufficient  to  disturb  the  adhesion  of  the  caoutchouc  and  cone, 
and  to  allow  of  the  transmission  of  air  through  tho  holes. 

This  form  of  valve  is  of  a  more  permanent  character  than  the  other,  aud  allows 
of  a  moie  rapid  exhaustion.  In  the  new  form  of  tho  instrument  a  manometer  is 
attached  to  the  side  tube  to  ascertain  the  degree  of  exhaustion ;  and  by  a  screw  and 
spring  tlie  rate  of  exhaustion  can  be  regulated  with  the  utmost  nicety.  Further, 
by  means  of  a  clamp  arrangement,  tho  vacuum  within  the  pump  can  be  maintained 
without  disturbing  the  screw,  if  it  should  be  suddenly  necessary  to^  disconnect^  tho 
caoutchouc  tube  from  the  piece  of  apparatus  to  be  evacuated.  This  form  of  filter 
pump  has  the  great  advantage  of  portability  over  the  original  one  of  Bunsen  ;  it 
may  be  constructed  in  such  a  manner  that  it  can  be  readily  transported  to  any  part 
of  the  laboratory ;  and  it  necessitates  no  alteration  iu  the  existing  arrangements  of 
pipes  and  fittings, 
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The  Precipitation  of  Silver  by  Copper.  By  ALFRED  TBIBE. 
It  lias  been  recently  shown  by  Dr.  Gladstone  and  the  writer  that  copper  covered 
with  precipitated  silver  removes  dissolved  oxygen,  as  cuprous  oxide,  from  a  solution 
of  copper  nitrate  containing  air,  and  also  that  the  silver-copper  couple  moistened 
with  the  same  liquid  removes  oxygen,  not  only  from  the  air,  but  from  other  gaseous 
mixtures. 

In  the  course  of  the  above  and  other  experiments,  it  has  been  necessary  to  com- 
pletely precipitate,  at  various  times,  large  quantities  of  silver  by  copper,  and  it  has 
been  noticed  that  the  metal  so  obtained,  after  being  thoroughly  washed,  always 
contained  copper.  The  constant  presence  of  this  metal  was  considered  due  to  dis- 
solved oxygen  in  the  silver  solutions,  or  to  the  absorption  of  that  gas  from  the 
air,  by  the  produced  copper  nitrate,  during  or  subsequent  to  the  precipitation. 
The  experiments  made  with  the  view  of  ascertaining  the  correctness  of  this  suppo- 
sition are  tabulated  below. 

In  each  experiment  there  was  employed  an  excess  of  copper,  and  in  experiments 
C  to  I  about  the  same  volume  of  solution.  In  A  and  B,  pieces  of  copper  foil  of  the 
same  dimensions  were  placed  in  open  basins,  and  covered  to  about  J  ot  an  inch  with 
ordinary  silver  nitrate,  i.  c.  impregnated  with  air.  In  C,  I),  E,  bottles  were  filled 
with  ordinary  solutions,  and  stoppered  during  the  precipitation.  In  G,H,  carbonic 
anhydride  was  bubbled  through  the  solutions  prior  to  the  immersion  of  the  copper, 
and  the  precipitation  conducted  as  in  C,  D,  E.  In  II,  I,  ordinary  solutions  were  used. 


Experiment. 

Per  cent,  of 
AgNO,  in 
solution. 

Duration,  in 
hours. 

Copper  in  pre- 
cipitated metal. 

Copper  per  100 
parts  of  precipi- 
tated metal. 

A 

1-4 

24 

•0185 

7-45 

B 

1-4 

48 

•0377 

15-23 

0 

3-5 

24 

•0103                     0-32 

J) 

1-4 

24 

•0096 

0-77 

E 

0-7 

24 

•0090 

1-61 

E 

3-5 

2t 

•0025 

0-08 

0 

1-4 

24 

•0029 

0-23 

H 

3-5 

\ 

merest  trace. 

merest  trace. 

I 

3-5 

TV 

» 

» 

It  appears  from  experiments  A,  B,  I)  that  the  quantity  of  copper  is  increased 
by  exposing  the  couple,  covered  with  dilute  copper  nitrate,  to  the  air,  and  decreased 
by  precipitating  in  absence  of  air.  In  0,  1),  E  the  actual  amounts  of  copper  found, 
being  nearly  the  same,  clearly  indicate  that  its  presence  is  not  due  to  oxygen  in 
the  copper  employed.  Moreover  it  is  a  result  which  would  follow  were  the  free 
oxygen  m  the  respective  silver  solutions  the  cause,  since  it  is  probable  that  each 
contained  about  the  same  quantity  of  the  gas.  Experiments  F  and  G  show  that  the 
effect  of  saturating  the  solutions  with  carbonic  anhydride  prior  to  precipitation  is 
to  diminish  the  amount  of  copper  3-4  times,  which,  doubtless,  is  due  to  the  partial 
displacement  of  oxygen  by  the  more  soluble  gas. 

In  the  experiments  C  and  G  there  existed  a  trace  of  silver  in  solution  after  the 
twenty-four  hours.  II  and  I  being  of  short  duration,  there  was  a  large  excess ;  and  it 
is  noticeable  that  in  every  case  where  the  silver  was  nearly  exhausted  copper  was 
found,  whereas  where  there  was  an  excess  of  silver  the  merest  trace  only  existed. 

It  appears  from  the  foregoing  experiments  that  free  oxygen  is  intimately  con- 
nected with  the  presence  of  copper  in  silver  pfecipitatecT  by  that  metal ;  but 
whether  copper  exists  therein  as  cuprous  oxide,  or  as  basic  nitrate,  would  depend 
upon  at  what  stage  of  the  operation  the  oxygen  plays  its  part.  If  the  two  actions 
(t.  e.  decomposition  of  silver  nitrate  by  copper  and  of  copper  nitrate  by  oxygen)  be 
simultaneous,  basic  nitrate  should  be  found.  If,  however,  the  decomposition  of  the 
copper  nitrate  be  not  effected  until  the  silver  nitrate  is  so  exhausted  as  to  be 
incapable  of  action  on  the  produced  cuprous  oxide,  that  substance  should  be  found. 
One  experiment  made  on  this  point,  with  a  weak  solution  of  silver  nitrate,  seemed 
to  show  that  basic  nitrate  was  not  formed. 
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On  Specimens  of  Agate  and  other  Natural  Colloid  Silica,  exhibited  by 

G.  UN  WIST. 


On  Dimtrobromf>enzene.     By  J.  F.  WALKER,  M.A.,  F.C.S. 

A  series  of  experiments  were  made  by  Dr.  Th.  Zincke  and  myself,  to  see  whether 
the  orthomononitromonobrombenzene  (melting-point  125°  C.)  and  the  metamono- 
nitromonobrombenzene  (melting-point  30°),  when  treated  with  fuming  nitric 
acid  (spec.  grav.  1'5)  and  concentrated  sulphuric  acid,  gave  the  same  modification 
of  dinitromonobrombenzene,  and  whether  one  or  more  modifications  were  formed 
by  this  reaction. 

We  found  by  treating  the  orthonitrobrombenzene  in  this  manner,  precipitating 
with  water  and  repeated  recrystallization,  that  only  the  dinitromonobrombenzene, 
which  melts  at  72°,  was  formed.  By  treating  the  mctanitrobrombenzene  in  the 
same  manner,  we  only  obtained  the  same  modification  of  dinitrobroinbenzene, 
melting  at  72°. 

The  melting-point  of  each  crop  of  crystals  was  token. 

The  position*of  the  replaced  atoms  of  hydrogen  are  not  known  with  certainty, 
whether  they  are  1-2  or  1-3  or  1-4,  (Set*  iCekuh*,  vol.  ii.  p.  515.) 

Both  these  mononitrobromzenes  are  formed  by  the  action  of  nitric  acid  on  inono- 
brombenzeno. 

If  the  position  of  the  replaced  atom  of  hydrogen  in  monobrombonzene  be  repre- 
sented by  the  letter  a, 

the  positions  of  the  replaced  atoms  of  hydrogen  iu  orthonitrobrombeuzene  by 
a  and  x  (jc—  position  of  (NOJ), 

and  in  met anitrobromben zone  by  a  and  y  (//  =  position  of  (N02)), 
then  the  replaced  atoms  of  hydrogen  in  the  dinitromonobrombeiizene  (melting- 
point  72°)  must  be  represented  by  the  letters  o,  #,  ?/,  and  it  may  therefore  bo 
called  an  ortho-mcta-dinitromonobrombenzcne. 


On  the  Continuous  Production  of  Oxygen.     By  J.  ALFRED  WANKLTN,  F.C.S. 

Tessie*  du  Mothay  has  worked  successfully  a  process  by  which  oxygen  is  with- 
drawn from  the  atmosphere  and  subsequently  liberated  in  a  state  of  purity.  His 
process  consists  in  exposing  nianganate  of  soda  to  the  alternate  action  of  steam  and 
air  at  a  low  red  heat. 

By  the  action  of  steam  on  the  martganate  of  soda,  oxygen  is  set  free,  a  certain 
quantity  of  the  manganato  being  decomposed.  By  the  action  of  air  the  decom- 
posed permanganate  is  reproduced,  and  is  readv  to  be  acted  upon  afresh  by  steam. 

Commercially  the  process  is  a  success.  There  is  a  point  of  great  chemical 
interest  in  the  process.  The  steam  is  actually  taken  up  in  the  operation  and  forms 
caustic  soda ;  and  it  is  highly  probable  that  the  following  is  a  true  representation  of 
the  chemical  changes  which  take  place: — 

(Mn02)"  (NaO)a + H,0 = ira(NaO)a+Mn02 + O, 


On  some  New  Methods  of  Analyziny  the  Ethers. 
By  J.  ALFRED  WANKLYX,  F.C.S. 

It  is  well  known  that  the  proportion  of  acid  derivable  from  an  ether  when  it  is 
decomposed  by  means  of  alkali,  may  be  determined  with  great  precision.  For 
example,  the  acetic  acid  yielded  by  acetic  ether  may  bo  titrated  with  accuracy. 
The  author  proposes  to  determine  the  proportion  of  alcohol  obtainable  when  an 
ether  is  decomposed  by  means  of  alkali.  The  method  consists  in  digesting  a 
weighed  quantity  of  the  ether  with  excess  of  potash  or  baryta,  and,  when  the 
decomposition  is  complete,  in  adding  water,  distilling  ofF  the  dilute  alcohol,  and 
weighing  the  distillate,  and  taking  its  specific  gravity.  There  is  no  objection 
to  the  addition  of  a  weighed  quantity  of  alcohol  in  order  to  facilitate  the  de~- 
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composition  of  the  ether  j  and  of  course  this  alcohol  must  be  allowed  for  after- 
wards. The  author  had  proved  that  alcohol  may  he  distilled  out  of  a  strongly 
alkaline  solution  with  great  precision.  He  regarded  this  determination  of  alcohol 
as  one  of  the  most  precise  in  analytical  chemistry. 

A  second  method,  viz.  the  decomposition  of  ethers  with  hydriodic  acid,  was 
proposed.  This  is  applicable  to  the  fats  (t,  e.  the  salts  of  glycerine)  ;  these  ou<£lit 
to  yield  iodide  of  isopropyl,  which  might  be  weighed,  and  the  weight  of  which 
would  afford  a  method  of  determining  the  proportion  of  glycerine  in  the  fat, 


On  the  Manufacture  of  Chlorine  ly  means  of  Manyanite  of  Maynesium. 
By  WALTER  WELDOJ*. 

The  process  commences  with  the  treatment  together,  in  a  still,  of  aqueous  hydro- 
chloric acid  and  a  compound  of  peroxide  of  manganese  and  magnesia,  which  the 
author  calls  mauganite  of  magnesium.  Chlorine  is  evolved,  and  there  remains  in 
the  still  a  mixed  solution  of  chloride  of  magnesium  and  chloride  of  manganese. 
This  mixed  solution  is  run  off  into  a  well,  from  which  it  is  pumped  into  an  evapo- 
rating-pot,  in  which  it  is  boiled  down  until  it  attains  a  temperature  of  about  300°  F. ; 
it  is  then  run  into  a  blind  furnace,  in  which  its  evaporation  in  continued  to  dryness, 
after  which  the  dry  residue  is  gently  heated  with  access  of  air.  Chlorine  then 
comes  off,  and  there  is  at  the  same  time  reproduced  manganite  of  magnesium,  with 
which  the  round  of  operations  is  then  recommenced. 


Preliminary  Note  on  the  Preparation  of  Guaranine. 
*  By  JOHN  WILLIAMS,  F.C.ti. 

The  fruit  of  a  South-American  plant  named  the  Paulina  swrbitw  is  prepared 
and  made  into  rolls  by  the  Indians  of  Tana.  J  ts  infusion  is  used  as  a  beverage  bv  the 
natives,  and  has  an  action  upon  the  system  much  like  that  of  coffee  or  tea.  'These 
rolls  are  found  in  commerce  under  the  name  of  Miuarana;"  and  within  a  few 
months  an  infusion  of  this  body  has  been  strongly  recommended  as  a  cure  for  sick 
headache. 

Dr.  Stenhouse  some  years  back  examined  this  guarana,  and  separated  its  active 
principle,  guaranine,  which  he  considers  to  be  identical  with  theine  or  caffeine. 

Considering  it  a  matter  of  some  interest,  the  author  determined  to  prepare  some  of 
the  guaranine,  and  first  proceeded  to  do  so  by  S  tollhouse's  process,  which  he  found 
was  a  troublesome  one  in  some  respects,  and  did  not  yield  the  body  so  white  or  pure 
as  was  desirable ;  and  as  animal  charcoal  refused  to  take  up  the  colouring-matter,  its 
ultimate  purification  became  a  matter  of  some  difficulty.  This  led  him  to  devise  the 
following  process,  which  proved  very  satisfactory.  (Juarana  is  reduced  to  very 
fine  powder  and  mixed  with  one  third  its  weight  of  hydrate  of  lime,  and  then 
moistened  with  water  and  allowed  to  stand  for  an  hour  or  so,  then  placed  in  the 
drying-closet  and  thoroughly  dried  at  a  very  gentle  heat.  This  dried  mixture  of 
guarana  and  lime  must  now  bo  thoroughly  exhausted  by  boiling  benzole,  arid 
the  benzole  after  filtration  distilled  off.  A  small  quantity  of  light-coloured  oily 
matter  is  left,  which  must  be  treated  with  boiling  water  and  placed  in  a  basin,  and 
heated  in  the  water-bath  until  all  traces  of  benzole  have  been  got  rid  of.  The 
liquid  is  then  filtered  through  a  proper  filter  so  as  to  separate  the  oil,  and  the 
colourless  aqueous  portion  evaporated  to  a  small  bulk ;  in  twenty-four  hours  the 
guaranino  crystallizes  perfectly  white  and  pure,  and  requiring  no  further  treatment 
or  purification  of  any  kind. 

The  treatment  with  a  little  lime  and  solution  in  hot  benzole  is  also  the  best 
mode  of  purifying  the  brownish  guaranine  produced  by  Stenhouse's  process  ;  the 
colour  is"  retained  by  the  lime,  and  the  product  is  quite  white.  Guaranine  in  ap- 
pearance much  resembles  caffeine  or  theine ;  and  there  can  bo  no  doubt  that  it  is 
identical  with  those  bodies.  The  author  suspects,  however,  that  it  is  rather  more 
soluble  in  cold  water,  not  crystallizing  quite  so  quickly  as  pure  theine,  and  also  that 
it  is  not  so  bitter,  lie  has,  however,  not  attempted  to  make  any  comparative  che-» 
mical  examination  of  the  two  bodies. 
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The  yield  is,  as  stated  by  Stenhouse,  large  in  comparison  with  the  yield  from 
tea  or  coffee  j  but  the  author  has  not  yet  ascertained  tne  actual  percentage  yielded 
by  this  process, 

This  process  has  boon  tried  with  tea,  and  it  appears  to  work  well  j  but  the  author 
has  not  nad  time  to  finish  his  experiments,  and  cannot  speak  with  certainty. 

Ho  has  not  yet  tried  the  process  upon  coffee,  and  thinks  it  possible  it  may  not 
succeed  well  upon  that  as  upon  substances  containing  more  tannin  (or  astringent 
matter)  and  less  oil  in  their  constitution. 

On  Teaching  Elementary  Chemistry  to  Boys  under  14  years  of  Aye. 
By  Dr.  T.  WOOD,  *\C.S. 

This  paper  showed  the  necessity  of  having1  a  compulsory  elementary  examination 
in  chemistry  for  all  pupils  under  fourteen  years  of  age,  before  they  be  allowed  to 
enter  for  the  higher  examinations  requiring1  practical  vhetnistry. 

It  suggested  the  advisability  of  building  in  all  largo  towrw  a  public  laboratory  open 
to  any  pupils  for  practical  instruction  in  chemistry,  because  many  uf  the  present  so- 
called  teachers  in  chemistry,  hiuing  never  had  practical  experience  in  a  laboratory, 
do  not  tvai'h  well  from  want  of  such  practice. 


0)i  a  Modification  of  Ilofmanris  Apparatus  for  Electrolysis  of  Water. 
By  C.  J.  WOODWAKD. 

The  extremely  convenient  arrangement  of  Dr.  Hofmaun  for  showing  the  compo- 
sition of  water  by  electrolysis  is  a  very  expensive  one ;  so  the  author  has  devised  a 
much  cheaper  apparatus,  made  thus.  A  shallow  glass  has  a  stoneware  stopper 
ground  into  it,  the  stopper  being  perforated  with  three  holes.  Into  two  of  these 
holes  fit  the  tubes  intended  to  receive  the  gases ;  these  tubes  are  furnished  with 
electrodes  made  from  ordinary  platinum  foil.  Into  the  third  hole  tits  a  tube 
enlarged  at  the  top  into  a  funnel;  to  receive  the  acid  displaced  as  the  water  is  de- 
composed.   

New  Derivatives  from  Morphine  and  Codeine.  By  C.  R.  A.  WHIGITT,  D.Sc.  Lon<L, 
Lecturer  on  Chemistry  in  $t.  Mary's  Hospital  Medical  School. 

During  the  past  year  further  experiments  have  been  made  on  the  derivatives  of  these 
two  alkaloids,  in  continuation  of  the  researches  described  at  the  last  Meeting  of  the 
Association.  The  principal  results  tiro  as  follows  : — 

It  was  shown  previously  that  compounds  are  obtainable  from  codeine  by  the 
action  of  hydrobromic  acid,  which  may  be  regarded  as  formed  by  a  polymerizing 
action,  the  resulting  products  containing  as  their  foniiuho  four  times  as  much 
carbon  as  the  original  base — and  that  analogous  substances  are  formed  by  the  action 
of  hydriodic  acid  in  presence  of  phosphorus,  hydrogen  being  also  added  on  in 
this  case.  Further  examination  has  confirmed  these  results  in  the  main,  with  this 
difference,  however,  that  the  action  of  hydrochloric  acid  on  codeine  and  morphine 
appears  to  indicate  that  the  formula)  of  these  bases  are  double  of  those  uMially 
ascribed  to  them,  while  polymerides  exist  containing  respectively  twice,  three  times, 
and  four  timos  as  many  symbols  in  their  formula)  as  the  original  bases  j  so  that  the 
following  series  may  be  written  : — 


Codeine   ,  ,  .  .  =<J  =Ci(j  II  12 
Dicodeme    ,,=C,==C72  llsl 
Tricodeino  ,  .  =0J  =  0108IIlaoNuO 
Tetracodeine  =  CA=C1U  IIloy 


ls 


Morphine  ....=M=Ctl   II,,  Na  Oa 

Dimorphino  ,.=M2  =  (\S  ILt.  N4  Oi 
Tri morphine  . .  =M,  =  C102  llm  NG  O, 
Tctramorphine  =M4  =  Ol3t}  11^  Na  Oa 


Each  of  these  bases  is  apparently  capable  of  giving  rise  to  a  large  number  of  de- 
rivatives, the  substances  described  last  year  being  mainly  derivatives  of  tetra^odeine 
and  tetramorphine  ;  it  has  been  found  that  the  formula)  there  attributed  aro  only 
one  half  the  true  ones.  In  the  codeine  series  all  these  polymerides  and  several 
Derivatives  from  each  have  been  obtained,  In  the  morphine  series  the  polymeridea 
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themselves  have  not  yet  been  isolated,  nor  have  trimorphine  derivatives  been  ob- 
tained as  yet  with  certainty  ;  but  tetramorphine  and  probably  dimorphine  deriva- 
tives have  been  obtained  :  some  of  these  are  formed  by  the  removal  of  the  elements 
of  water  from  the  polyrnerides  themselves,  thus  constituting  "  apo-  "  or  anhydro- 
bodies,  It  appears  probable  that  apomorphine,  the  earliest  known  derivative  (ob- 
tained some  years  ago  by  the  late  l)r,  A.  Matthiessen  and  the  author),  is  really  a 
derivative  of  dimorphine. 

When  hydriodic  acid  and  phosphorus  act  on  codeine,  hydrogen  is  added  on, 
niethyl  is  eliminated  as  iodide,  and  polymerization  is  brought  about,  one  or  other  of 
a  series  of  substances  being  obtained,  all  denoted  by  the  general  formula 

(S3fJ+IIIO)-«HI+f»n,0; 

by  prolonging  the  action,  substances  are  obtainable  of  the  general  formula 

(Ml+irlll-o8)+»Hi±/Jirao. 

When  morphia*-  is  subjected  to  the  same  treatment,  products  are  found  which 
are  apparently  absolutely  identical  with  the  corresponding  codeine  products  ; 
much  lower  derivatives,  however,  are  obtainable  from  morphine,  the  fact  of  theie 
"being  no  methyl  to  eliminate  and  thus  place  the  substance  in  a  quasi-nascent  con- 
dition, being  probably  the  reason  for  this  difference  :  thus  all  the  morphine  deriva- 
tives hitherto  obtained  by  these  means  belong  to  the  first  of  the  above  two  series. 

Although  most  of  the  substances  hitherto  examined  have  energetic  physiological 
actions,  all  these  derivatives,  whether  from  codeine  or  morphine,  are,  comparatively 
speaking,  inert,  doses  up  to  eight  grains  (0*5  grin.)  being  given  to  an  adult  she 
terrier  without  producing  any  symptom  more  marked  than  a  peculiar  kind  of 
diarrhoea,  lasting  for  a  few  hours. 

These  results,  together  with  those  formerly  obtained,  indicate  that  codeine  is  a 
kind  of  naethylic  ether  of  morphine,  their  relative  formula)  being 


It  is  noteworthy  that  both  from  codeine  and  from  morphine  the  same  compound 
(M4+H10)-f-  9III  —  4II2  0,  is  derivable.   The  formula  of  this  substance, 

CnoH,61INfl020,8Iir, 

is  incapable  of  being  halved,  and  indicates  that  these  iodized  bases  are  really  CL,6 
compounds,  and  not  Cn8  bodies  as  at  iirst  supposed.  On  account  of  the  similarity  m 
properties  between  these  iodized  derivatives  and  the  chlorotetracodeine,  bromo- 
tetramorphine,  <fcc.  obtained  by  the  action  of  hydrohromic  acid  on  codeine,  the 
formula  of  these  latter  are  also  considered  to  be  double  of  those  formerly  attri- 
buted to  them  ;  i.  c.  they  are  viewed  as  Om  —  CJilo  compounds,  and  not  C7a  —  C,a 
bodies.  Inasmuch,  however,  as  they  still  contain  four  times  as  much  carbon  as 
the  original  codeine  and  morphine  (these  bases  being  doubled  in  formula,  as  above 
mentioned),  the  old  names  are  still  applicable  ;  and  this  class  of  bodies,  which  are 
specially  distinguished  by  being  amorphous  and  insoluble  in  ether,  may  be  con- 
veniently alluded  to  as  the  "  tetra-lases" 

To  obtain  the  polymerides  of  codeine  themselves  without  further  alteration  by 
secondary  reactions,  the  action  of  acids  other  than  hydracids  was  examined.  Phos- 
phoric acid  at  200°  (the  aqueous  solution  of  codeine  in  excess  of  glacial  acid  being 
gently  boiled  down)  yields  dicodeine  ^  soluble  in  ether,  amoiphous,  but  forming 
crystalline  salts  —  and  tetracodemc,  much  resembling  in  properties  all  the  other 
"  tetra-bases  "  examined,  being  insoluble  in  ether  and  amorphous,  and  forming 
amorphous  salts.  These  two  bases  appear  to  be  identical  respectively  with  the 
"  isomer  of  codeine  "  of  Armstrong  and  the  "  amorphous  codeine  "  of  Anderson, 
both  prepared  by  the  action  of  sulphuric  acid  on  codeine.  On  examining  this  reac- 
tion a  third  polymer!  de  was  also  found  to  be  formed  :  this  is  amorphous  and  soluble 
in  ether,  but  forms  amorphous  salts  j  on  account  of  its  being  in  many  respects  in- 
termediate between  dicodeine  and  tetracodeine,  it  is  considered  to  be  tricodeine. 
This  base  is  not  produced  by  the  action  of  sulphuric  acid  on  dicodeine  ;  this  action, 
however,  gives  rise  to  tetracodeine  in  quantity. 

The  proof  of  the  correctness  of  the  formulae  attributed  to  dicodeine  and  tetra- 
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codeine  is  as  follows,   When  dicodeine  is  treated  with  hydrochloric  acid,  it  under- 
goes the  following  reaction, 

On  II,,  N4  012,  4IIC1  4-1101=  II,  0+072  II,3  C1N4  On,  4H01. 
The  resulting  chlorinated  base  is  soluble  in  ether,  and  gives  amorphous  salts  :  hence 
it  cannot  be  a  tetra-base  j  and  hence  it  follows  that  dicodeiue  has  a  C72  formula. 
When  dicodeine  itself  is  similarly  treated,  the  first  product  formed  appears  to  con- 
tain chlorine  and  carbon  in  the  ratio  of  1  to  oO  ;  whence  codeine  itself  is  a  C3e  body, 
Tetracodeine  evidently  belongs  to  the  series  designated  as  the  "teira"  series;  and 
these  have  been  shown  to  be  0,u  substances.  Hence  tetracodeine  has  double  the 
formula  of  dicodeine,  which  is  double  that  of  codeine  j  whence  the  names. 

The  action  of  hydrochloric  acid  on  tri-  and  tetracodeine,  however,  is  quite  dif- 
ferent :  in  the  case  of  tricodeine,  the  elements  of  water  are  removed,  and  an 
tf  apo  "  base  containing  no  chlorine  at  all  is  formed  ;  tetracodeine,  on  the  other 
hand,  undergoes  no  change  whatever  when  heated  for  a  long  time  with  hydro- 
chloric acid. 

The  action  of  hydriodic  acid  and  phosphorus  on  codeine,  dicodeine,  and  tetra- 
codeine is  again  very  different,  as  exemplilied  in  the  following  reactions:  —  • 


Codeine  ......  40  +36111=8011,  I+4II,  0  +  I10+  {(Sf1  +  IIlll)  +  12111-411,0} 

Dicodeiue,...  2C,+23III=80H,I+41I,0+I8  +  {(ATl+Hj  +  9III-4IIaO} 
Tetracodeine.  .     04+  18111=8011,  1+211,  0+         {  STt  +10111-211,0} 

With  the  codeine  1  1,  0  is  added  on  to  M4  ;  with  the  dicodeiue,  11^  only  ;  and  with 
the  tetracodeiue,  no  II  at  all  :  a  tetra-ba^e  results  in  each  case.  The  product  from 
dicodeiue  has  the  formula  Oin,.  IIm  1NS  OJO,  81  II,  whicli  cannot  be  halved  ;  the  pro- 
duction of  this  substance  (whicli  is  the  end  product  of  the  reaction)  shows  again 
that  the  tetra-ba*es  do  not  contain  less  than  0,  10. 

When  morphine  is  treated  with  phosphoric  acid  at  200°,  two  products  are  ob- 
tained corresponding  in  properties  to  dicodeine  and  tetracodeine  ;  these  are  not, 
however,  the  morphine  polvmerides,  but  are  uapo"  derivatives  therefrom.  One  is 
soluble  in  ether,  and  forms  crystalline  salts  though  amorphous  itself;  this  is  pro- 
duced only  in  .small  quantity,  and  appears  to  )>_•  identical  with  apomorphine, 
whicli  is  accordingly  \iewed  as  a  dmiorphine  derivative  —  • 

2M=4I120+(M>4II,  0)  =  411a  0+CM  IT,,,  XtO,. 
The  other  is  a  totra-bosn  formed  b   the 


This  latter  gives  rise  to  new  derivatives  when  treated  \\ith  hydrochloric  acid  or 
hydriodic  acid;  it  is  quite  ns  powerful  an  emetic  as  morphine,  according  to  Dr. 
Stacker's  experiments,  but  does  not  seem  to  produce  so  much  after-prostration. 

Most  of  the  above  products  have  not  yet  received  names,  on  account  of  their 
complicated  composition  ;  the  term  iHapotctramorphine  has  been  given  to  the  last- 
described  base  on  account  of  its  ha\ing  the  composition  of  tetramorphiue  minus 
two  proportions  of  water,  =  M4  —  21  LO.  Applying  the  same  kind  of  nomenclature 
to  apomorphine,  this  base  should  be  termed  ti'tnipodiniorphiHC)  having  the  composi- 
tion of  dimorphine  minus  four  proportions  of  water,  =M.,  —  4fI2  O. 

A  large  number  of  other  products  have  also  been  obtained,  and  are  now  in  course 
of  examination.  It  is  hoped  to  extend  the  investigation  of  the  opium  alkaloids  to 
some  of  the  less-known  ones,  such  as  narceine  and  papaverine.  In  reference  to 
this  point  the  author  cannot  conclude  without  acknowledging  the  extreme  kindness 
and  liberality  of  Messrs,  Macfarlane  of  Edinburgh  ;  during  the  course  of  these  re- 
searches these  gentlemen  have  furnished  gratuitously  large  quantities  of  several 
alkaloids,  including  the  rarer  ones,  and  amounting  in  the  aggregate  to  several 
pounds  weight  of  materials  of  the  highest  degree  of  purity.  Without  the  help  thus 
liberally  bestowed,  the  investigations  would  have  been  impossible, 
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GEOLOGY. 

Address  ly  ROBERT  A.  C.  GODWIN-AUSTEN,  F.R.S.,  F.G.S.,  $c,, 
President  of  the  Section. 

THE  Geological  Section  is  fortunate  in  respect  of  this  year's  place  of  meeting  of 
the  British  Association.  The  county  of  Sussex  presents  a  wide  range  to  the  geolo- 
gical observer:  there  is  the  great  freshwater  Wealden  series,  next  the^entire  Cre- 
taceous group,  then  portions  of  the  Nummulitic  group,  including  the  unique  fossili- 
ferous  beds  of  Bracklesham ;  at  Selsey  is  to  bo  seen  a  remnant  of  a  definite  Tertiary 
period,  of  which  at  no  other  place  in  England  is  there  any  record;  lastly,  the 
evidence  as  to  local  conditions  during  the  Glacial  period  is  peculiarly  interesting. 
This  rich  field  has  not  wanted  competent  labourers,  foremost  amongst  whom  must 
be  named  Dr.  Gideon  Man  tell,  who  in  his  day  did  so  much  by  his  zeal  and  know- 
ledge to  diffuse  a  taste  for  his  favourite  pursuit.  There  must  also  be  added  the 
names  of  Mr.  Martin,  of  Pnlborough,  and  Mr.  Dixon,  of  Bognor. 

It  might  perhaps  be  a  fitting  preliminary  to  the  local  communications  which  we 
may  expect  in  the  course  of  this  Meeting,  should  I  here  give  a  summary  of  what  has 
been  already  done  with  reference  to  the  geology  of  this  South-east  of  England ;  but 
to  many  who  meet  now  in  this  Section,  very  much  of  such  a  survey  would  be 
familiar.  Instead  of  this  I  propose  to  call  attention  to  what  is  the  peculiar  feature 
of  our  local  geology — namely,  its  great  Wealden  formation,  the  product  of  that  vast 
lake  or  sound  which,  at  a  time  before  a  particle  of  the  chalk  nills  of  Sussex  had 
been  formed,  covered  an  area  larger  than  the  whole  of  the  South-east  of  this  island. 
What  I  shall  endeavour  to  put  before  you,  a  point  not  generally  understood,  is  with 
reference  to  the  place  of  formations  akin  to  our  Wealden  in  the  records  of  past 
time,  to  enable  you  to  realize  what  were  then  the  geographical  conditions  of  the 
northern  hemisphere,  what  the  distribution  and  extent  of  other  areas  of  fresh 
water,  the  equivalents  of  our  Wealden. 

Place  of  tli  r  Fresh-  and  Brackish-water  Formations  on  the  Geological  8c«Jet 

When  ft  general  view  is  taken  of  the  successive  physiographical  conditions  of  by- 
gone geological  periods,  it  is  seen  in  respect  of  each,  such  as  those  of  tho  l*nla><>- 
zoic  period  or  of  the  Mesozoic,  of  the  Jurassic,  Cretaceous,  and  Nummulitic, 
which  all  represent  distinct  periods  of  past  time  and  are  all  the  products  of 
purely  marine  conditions,  that  what  is  at  present  terrestrial  siirface  was  at  those 
times  to  a  great  extent  covered  by  water,  and  that  the  great  geological  formations 
are  merely  old  sea-beds. 

When  on  a  projection  of  the  northern  hemisphere  the  known  extent  of  each  of 
these  old  seas  is  represented,  as  on  the  maps  exhibited,  it  is  also  seen  to  how 
great  an  extent,  at  those  times,  the  area  of  water  exceeded  what  it  is  at  present ; 
at  each  of  these  great  periods  the  northern  hemisphere  must  have  presented  just 
such  a  preponderance  of  water  as  the  southern  hemisphere  does  at  present : 
and  it  is  further  to  be  remarked  how  closely  the  area  of  one  period  of  northern 
geological  submergence  corresponds  with  the  others,  as  the  Nummulitic  with  the 
Cretaceous,  and  the  Oretaceous  with  the  Jurassic.  Whatever  the  cause,  there  is  to 
be  seen  in  this  a  recurrence  of  like  conditions  at  enormously  long  intervals  of  time. 

If  next  the  internal  evidence  to  be  derived  from  these  Mesozoic  formations  be 
taken,  it  is  to  be  seen,  as  is  familiar  to  most  geologists,  that  each,  when  most  com- 
plete, presents  a  like  order  of  change  from  its  older  to  its  newer  portions. 

Over  the  midrEuropean  area,  shallow-water  accumulations,  such  as  shingle 
and  sand  zones  (infra- Liassic),  preceded  the  deeper- water  shales  and  limestones  of 
the  Lias.  Jurassic  Oolites  follow  upon  these,  indicating  somewhat  decreased  depths 
fur  the  Middle  Jurassic  series.  Oscillations  of  surface  mark  this  period ;  and  with 
respect  to  its  physiography,  Mr.  Darwin  has  given  his  opinion  that  the  Malay 
archipelago,  with  its  numerous  large  islands  separated  by  wide  and  shallow  seas, 
probably  represents  the  former  state  of  Europe,  when  the  Middle  Jurassic  beds 
were  accumulating.  Next  follow  deep-water  depositions,  when  the  widely  spread 
Kimmeridgo  series  was  formed,  ending  upwards  with  the  Portland  beds, 
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The  Cretaceous  group,  as  it  is  exhibited  here  in  the  south  of  England,  where 
its  vertical  thickness  is  very  great,  presents  in  its  lower  beds  (Neoconiian)  a 
marine  fauna  which  indicated  to  Edward  Forbes  a  limited  sea,  with  depths  not 
exceeding  18  fathoms.  Sand-zones  hundreds  of  feet  in  thickness  overlie  these. 
The  argillaceous  (fault,  in  its  convnositiuu  and  fauna,  is  a  deep-water  deposit, 
followed  by  shallower-water  sands  (Upper  Green  Sand)  indicating  oscillating  con- 
ditions as  to  depth  of  water,  to  which  succeeds  the  widely  spread  oceanic  de- 
position of  the  white  Chalk.  Here  recurring  conditions  come  about  in  like  order 
us  in  the^  Jurassic  series;  and  a  corresponding  illustration  might  be  derived  from 
the  physical  changes  indicated  in  the  course  of  the  Nnnrmmlitie  period. 

With  respect  to  none  of  thet?e  marine  geological  formations  is  there  any  indication 
whatever  that  one  passed  into,  or  was  in  "continuous  sequence  with,  another, 
either  stratigraphicnlly  or  geologically ;  on  the  contrary,  wherever  there  is  apparent 
continuity,  cither  upwards  or  downwards,  it  5b  by  ch'ange  or  transition  from  one 
set  of  conditions  to  another  wholly  different.  Tiie  purely  marine  Tpper  Silurian 
beds  of  the  \Velsh  border  are  followed  conformably  by  the  Old  lied  Sandstone, 
which  last  is  now  universally  accepted  as  a  lacustrine  formation,  the  place  of 
which,  in  time,  was  intermediate-  between  the  middle  Paleozoic  group  and  the 
upper  or  Carboniferous,  which  emu menced  with  the  so-eall<Ml  "Devonian/'  The 
positions  and  extent  of  the  "  Old  Red  "  lacustrine  beds  in  all  parts  of  the  British 
Islands  indicate,  even  at  this  day,  to  what  extent  Silurian  sea-bed  hud  become 
terrestrial  surface,  to  which  the  lacustrine  basins  were  subordinate. 

In  the  contrary  direction,  and  in  our  own  area,  the  next  group,  indicating  widely 
spread  marine  conditions,  that  represented  by  the  Devonian  and  Mountain-Lime- 
stone formations,  sets  in  (as  in  North  Devon)  with  shallow-water  sands  and  a 
marine  fauna  (Lower  Devonian),  in  sequence  to  "  Old  l\ed"  depositions  with  fresh- 
water fishes  and  crustaceans.  There  is  no  continuity  from  "  Old  Hod"  into  the 
earliest  Devonian  buds,  uny  more  than  from  uppermost  Silurian  into  Lower  "  Old 
lied/'  (Phillips's  Geology  of  Oxford,  pp.  77-79.) 

The  later  Pauoozoic  ocean-floor,  now  our  Mountain  Limestone,  in  turn  became 
terrestrial  surface,  oi^which  the  Coal-measures  were  accumulated,  and  over  which 
the  abundant  vegetation  of  that  period  established  itself.  The  Coal-measures  re- 
present so  much  of  the  surface  of  their  time  as,  from  position,  favoured  expanses  of 
fresh  and  brackish  waters,  and  alternations  from  OIK*  set  of  conditions  to  the  other. 

Geologists  are  familiar  with  the  amount  of  physical  change  which  took  place  over 
the  European  area  after  the  coal-growth  period.  *  The  subsequent  condition  of  surface 
which  resulted  is  still  distinctly  traceable.  The  Permian-Trias  period  presents  true 
Aralo-Caspian  conditions,ph}  sically  defined,  subordinate  to  the  samecontinentalarea. 

The  marine  Jurassic  series,  next  in  sequence,  was  succeeded  by  that  period  of 
terrestrial  conditions  to  the  more  detailed  physiography  of  which*  I  here  propose 
to  call  your  attention.  It  may  sufllco  on  this  occasion  to  state  that  at  the  end  of 
the  great  Cretaceous  period  the  area  of  tho.se  seas,  in  our  hemisphere,  down  to 
depths  at  which  the  ^rent  chalk  floor  had  been  deposited,  became  part  of  a  con- 
tinental land,  on  which  the  freshwater  formations  of  the  times  which  preceded 
the  marine  Nummulitic  were  accumulated. 

These  evidences  of  successive  phy.-iral  conditions  over  the  northern  hemisphere 
indicate  an  order  of  recurrence  of  corresponding  conditions,  and,  as  already  noticed, 
of  a  progress  of  change  which,  in  the  course  of  each  period,  came  about  in  a  corre- 
sponding order.  Great  periods,  during  which  wide  marine  conditions  pi^  ailed, 
alternated  with  others  of  wide  terrestrial  surfaces.  The  marine  periods,  as  we 
measure  them  by  the  products  of  the  agonts  which  seas  and  oceans  call  into  action, 
must  have  been  of  vast  duration.  In  like  manner  we  may  feel  assured  that  the 
groat  freshwater  formations  are  not,  as  some  geologists  have  supposed  them,  mere 
subordinate  parts  of  the  great  marine  groups,  as  our  "Wealden  "  of  the  "  Cretaceous," 
but  rather  true  intermediate  groups,  of  equal  geological  value  with  them  in  the 
estimate  of  past  time, 

TJtc  WeaUcn  Formation. 

Mr.  Martin  proposed  this  designation  for  the  assemblage  of  freshwater  deposi- 
tions' exhibited  in  the  counties  of  Kent,  Surrey,  and  Sussex,  and  which  nifty  be 
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described  generally  as  consisting  of  thick  accumulations  of  sands  and  sand- 
stones for  a  lower  or  earlier  part,  surmounted  by  a  great  argillaceous  deposit 
(Weald  Clay).  Mr.  Webster  suggested  the  propriety  of  uniting  the  Purbeck  beds, 
Hastings  sands,  and  Weald  Clay  into  one  group,  the  whole  being  mainly  a  conse- 
cutive freshwater  series.  It  must  be  understood,  however,  that  there  is  not  a 
definite  line  separating  the  Hastings  sands  from  the  Weald  Clay :  all  that  is  signified 
is,  that  sands  predominate  for  the  lower,  and  clays  for  the  upper  portion  of  the 
Wealden  depositions }  but  just  as  thick  bands  of  clay  occur  in  the  lower  series,  so 
bands  of  sandstone  occur  in  the  upper. 

The  arrangement  adopted  by  the  Geological  Survey,  in  descending  order,  is : — 
Weald  Clay,Tunbridge- Wells  Sands, Wadhurst  Clay,  Ashdown  Sands,  Ash burnham 
beds  (which,  in  Sussex,  are  the  equivalent  of  the  Purbeck  beds  of  Dorsetshire). 

The  lower  sands  are  well  seen  on  the  coast  at  Hastings,  whence  they  took  their 
name,  and  extend  thence  continuously  to  near  Horsham,  rising  into  tho  central 
ridge  of  the  Wealden  elevations  of  St. -Leonards,  Tilgate,  and  Ashdown  forests, 
On  every  side  this  tract  is  bounded  by  the  Weald  Clay,  which  extends  to  the  base 
of  the  escarpment  of  the  Lower  Green  Sand,  beneath  which  it  passes. 

This  surface  of  freshwater  strata,  so  defined,  extends  for  seventy  miles  from 
E.  to  W.,  and  has  a  breadth  from  N.  to  S.  of  thirty-five  miles.  Over  the  whole  of 
this  area  the  freshwater  depositions  attain  a  great  thickness ;  the  lower  sandy  group 
may  be  taken  as  800  feet,  and  tho  Weald  Clay  as  450  feet  at  least. 

To  realize  tho  conditions  under  which  these  accumulations  were  formed,  the 
now  upraised  central  sandstone  ranges  must  be  put  back  to  their  original  horizontal 
position,  and  the  whole  series  must  be  regarded  as  the  infilling  by  freshwater 
rivers  of  what  was  an  area  of  depression  with  reference  to  the  terrestrial  surface 
of  the  time.  This  Wealden  formation  can  be  traced  far  beyond  the  limits  of  the 
denudation  of  the  S.E.  counties.  In  a  southerly  direction  it  occurs  in  the  Isle  of 
Wight,  with  its  two  divisions  of  Weald  Clay  and  Lower  Sands.  In  this 
Quarter  the  Weald  Clay  is  reduced  to  a  thickness  of  08  feet.  In  a  westerly 
direction  (Swauage  Bay)  the  Wealden  sands  have  a  great  thickness,  and  are 
surmounted  by  only  a  thinnish  band  of  Weald  Clay  or  deep-water  deposit; 
and  both  divisions  decrease  rapidly  in  the  extension  of  the  formation  across  the 
Isle  of  Purbeck,  and  have  not  been  recognized  in  the  Isle  of  Portland,  from  which, 
if  they  even  extended  there,  they  must  have  been  denuded  oiF. 

In  a  northerly  direction,  several  sections  about  Oxford,  as  from  Shotover  Hill  to 
Great  Hazeley,  from  Wheatley  to  Tetsworth,  from  Brill  through  Long  Crenden  to 
Thame,  from  Whitchurch  to  Aylesbury,  extending  from  S.  W.  to  N.E.  for  a  breadth 
of  thirty  miles,  show  Purbeck  beds  and  freshwater  ferruginous  sands  passing  be- 
neath Cretaceous  beds.  It  is  obvious  that  the  Wealden  formation  has  been  cut 
back  in  this  quarter,  and  that  originally  it  had  a  much  greater  extension.  In  this 
quarter,  too,  the  ferruginous  sands  overlap  the  Purbeck  beds,  showing  that  the  lake 
had  here  widened  its  area  beyond  the  dimensions  of  the  Purbeck  lake. 

From  Oxford*  to  the  Vale  of  Wardour  is  an  interval  of  seventy  miles,  from  over 
which  the  Portland  Oolite  has  been  removed,  except  at  Swindon,  at  which  place 
there  are  beds  which  are  unmistakably  referable  to  the  Purbeck  group ;  and  it  is 
a  fair  inference  that  it  is  to  this  denudation  that  is  to  be  attributed  the  absence 
of  the  lacustrine  depositions  which  everywhere  on  our  area,  and  on  much  of 
that  of  continental  Europe  which  was  adjacent,  follow  next  upon  the  Portland 
stage.  Such  being  the  casfi,  the  smallest  possible  dimensions  which  can  be  as- 
signed to  the  great  Wealden  lake,  are  that  it  extended  from  beyond  Aylesbury 
to  Portland  for  120  miles,  and  from  Portland  to  to  tho  Boulonuais  for  200 
miles. 

From  Eye  to  Portland  the  Wealden  beds  pass  out  of  sight  beneath  the  level 
of  the  English  Channel.  The  valley  of  the  Channel  is  the  result  of  the  dis- 
turbance which  produced  the  E.  and  W.  lines  of  the  South  of  England,  and 
was  produced  subsequently  to  the  Nummulitic  period. 

l)r,  Fitton  remarks  that,  the  subdivisions  of  the  Wealden  formation,  especially 
at  its  upper  part;  being  in  some  measure  arbitrary,  it  is  difficult  to  determine  to 

*  Vide  evidence  as  to  range  of  Wealden  deposits,  Phillips's  *  Geology  of  Oxford,' 
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which  of  the  three  groups  any  outlying  depositions  ought  to  bo  referred.     (Geol. 
Trans,  vi.  p.  323.) 

Such  a  difficulty  existed  when  corresponding  portions  of  a  formation  were 
supposed  to  require  an  agreement  in  mineral  character  and  composition  ;  but  it 
happened  at  all  times,  ns  now,  with  respect  to  the  depositions  within  areas  of  water, 
whether  of  lakes  or  seas,  that  the  beds  which  were  strictly  equivalent  in  respect 
of  time,  varied,  from  place  to  place,  from  marginal  shinglo  to  submarginal  sand- 
zones,  and  deeper  and  more  distant  argillaceous  or  calcareous  mud-beds.  Con- 
sidered in  this  way,  the  distant  Oxford  and  Buckingham  portions  of  the  Wealden 
formation  are  referable  to  the  submarginal  accumulations  of  the  great  lake,  and 
may  be  synchronous  with  "  Wealden  clays."  For  the  threefold  division  of  the 
Wealden  series  into  Purbeck  beds,  Hastings  sands,  and  Weald  clay,  must  there- 
fore be  substituted  the  more  natural  divisions  of  Lower  Wealden  for  the  Purbeck 
series,  and  Upper  Wealden  for  the  series  as  exhibited  in  the  S.K  of  England,  which 
may  be  of  sand  and  sandstone  or  Weald  clay  according  to  local  conditions  of  depth. 

'There  are  indications  that  changes  iii  the  area  surrounding  the  Weulden  forma- 
tion took  place  in  the  progress  of  that  series.  Tho  lower  and  earlier  sandy  deposits 
indicate  only  inconsiderable  depths  of  water.  Yet  the  vertical  thickness  of  the  series 
may  bo  estimated  at  nearly  1*000  feet:  for  that  area,  at  least,  progressive  depression 
must  have  been  going  on,  but  not  uninterruptedly.  As  regards  the  upper  and 
lower  divisions  of  the  formation,  the  difference  consists  in  the  greater  coarseness  of 
the  detritus  of  the  upper,  and  in  the  evidence  of  strong  currents  setting  in  definite 
directions,  in  an  extension  of  the  area  and  of  an  increased  depth — so  that  at  the 
later  stage  a  central  area  of  deep- water  depositions  may  be  defined,  as  well  as  the 
directions  in  which  such  conditions  thinned  away.  Great  changes  took  place  in 
the  depth  of  the  water  of  the  lake,  as  indicated  by  the  alternations  of  the  drift- 
sand  beds  with  deeper- water  mud  deposits,  and  in  places  by  the  conversion  of  lake- 
bed  into  land-surface,  upon  which  plant-growths  established  themselves  for  con- 
siderable periods  of  time,  and  which  were  again  submerged. 

Such  changes  as  these  seem  to  imply  change  in  the  physical  geography  of  the 
land  region  to  which  this  great  freshwater  area  was  subordinate — such,  for  in- 
stance, as  would  give-  rise  to  larger  rivers,  greater  influx  of  fresh  waters,  and 
stronger  currents. 

The  successive  conditions  indicated  by  the  great  Weahlen  group  as  a  whole  are, 
for  the  first  stage,  that  of  an  extensive  shallow  lake,  or  sound,  at  the  sea-level  of  the 
time,  the  inflowing  waters  to  which  were  largely  charged  with  lime  derived  from 
the  surface  of  Portland  Oolite,  from  which  they  came.  This  is  the  Purbeck  stage, 
which  commenced  with  a  long  period  of  purely  freshwater  conditions.  Brackish- 
water  conditions  followed,  with  a  change  of  fauna.  Mollusoa  such  as  Corbula, 
Cardium,  Modiola,  Rinsoa  appear,  presenting,  as  was  observed  by  the  late  Edward 
Forbes,  the  change  of  character  which  the  Caspian-sea  mollusks  have  at  present 
in  adapting  themselves  to  brackish  water. 

During  the  Middle  Purbeck  scries  the  alternations  from  fresh-  to  brackish-water 
conditions  were  frequent  and  apparently  of  short  duration,  till  finally  it  was  closed 
as  it  commenced  by  a  thick  set  of  purely  freshwater  depositions. 

Tho  changes  in  the  Purbeck  series  are  readily  accounted  for  by  reference  to  areas 
of  water  such  as  occur  on  the  American  coast  at  present,  and  which  may  bo  salt  or 
brackish,  according  to  the  extent  to  which  the  sea-waters  are  excluded  by  sand- 
bars from  mixing  with  the  fresh  wntew  flowing  from  the  land. 

The  S.  and  E.  coast-line  of  our  Wealden  lake  must  bo  looked  for  bej'ond  the 
area  of  our  island. 

Wealdcn  Formations  of  the  HWOJIMUI  Surface. 

The  elliptical  form  of  the  Wealden  elevation  and  denudation  ha*  its  completion 
on  the  east  in  Picardy,  across  the  English  Channel.  In  the  Boiilounais  there  occur 
ferruginous  sands  like  those  of  Shotover,  full  of  freshwater  shells  (C/iwo),  over- 
lying Purbeck  limestone,  and  passing  beneath  the  Cretaceous  formation,  just  as 
happens  in  this  country.  These  Wealden  beds  are  not  now  of  any  considerable 
thickness,  having  been  reduced  by  the  denudation  of  the  district.  They  are  so 
mixed  up  with  pebble-beds  in  places  as  clearly  to  indicate  a  marginal  line,  which 
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jnay  safely  be  placed  to  the  north  of  the  Boulonnais  denudation ;  for  the  Wealden 
depositions  proper  hardly  rise  to  the  level  of  the  Palaeozoic  rocks  of  Marquise.  Tho 
great  fissures  and  pot-holes  in  the  limestones  there,  which  have  heen  produced 
under  subaerial  conditions,  and  filled  with  sand,  mould,  and  much  vegetable  matte/j 
had  been  produced  antecedently  to  the  deposition  of  the  Gault  over  that  area. 

The  Wealden  beds  of  the  Boulonnais  were  formed  beneath  the  waters  of  the 
same  lake  as  our  own.  This  freshwater  area  had  an  extension  southwards ;  thus 
M.  d'Archiac  refers Jthe  mottled  clays  beneath  the  iron-sands  and  sandstones  at 
Havre  to  the  Wealden  series  of  this  country ;  so  that  the  limits  of  our  lake  in  that 
direction;  or  in  the  south,  lay  somewhere  along  the  line  of  the  English  Channel. 

Sixty  miles  to  the  south  of  the  Boulonnais  is  a  district  known  as  the  Pays  de 
Bray,  which  is  an  elliptical  valley  of  elevation  and  denudation,  like  our  own 
Wealden  on  a  small  scale,  extending  from  Beauvais  to  Neufchatel,  a  distance  of 
forty-five  miles.  In  this  denudation  the  lowest  beds  exposed  bdong  to  tlio  marine 
Jurassic  aeries  (Portland  Kimmeridge).  Next  above  the  Portland  stone  is  a 
Wealdeu  formation.  "Les  depots  ivgardes  commo  fluviatiles  sout  les  plus  yoisins 
de  l'£tage  Portlandien,  et  forment  Jo  groupe  inferieur  du  terrain  Neocomien" 
(Graves,  Oise,  p.  55).  The  remains  of  the  fishes,  Cyren&9  Cyprides,  and  ferns  are 
such  as  occur  in  our  Wealden. 

The  thickness  of  this  freshwater  formation  is  inconsiderable  compared  with  our 
Wealden,  The  separation  of  the  freshwater  formation  from  the  marine  Portland 
is  well  defined ;  not  so  that  betwixt  the  Weuldon  and  Neocomiun :  here,  as  in  the 
Punfield  section,  the  freshwater  and  marine  conditions  seem  to  have  alternated ;  and 
the  manner  in  which  this  takes  place  suggests  the  supposition  that  the  influx  of  a 
considerable  body  of  .fresh  water  from  the  land  of  the  time  took  place  not  far 
from  this  place. 

Neufchatel  is  seventy  miles  south  of  Boulogne ;  the  Wcaldcn  beds,  as  we  havo 
seen,  indicate  that  the  series  extended  southwards  from  Marquise ;  and  it  is  no  un- 
reasonable supposition  that  the  deposits  of  tlie  Pays  do  Bray  were  formed  under 
the  waters  of  the  same  lake  as  were  those  of  our  own  Weolden. 

Such,  then,  were  the  dimensions  of  the  Wealden  lake,  or  gound.  It  extended 
from  parts  of  Buckingham,  on  the  north,  half  across  the  Knglish  Channel  on  the 
south,  a  breadth  of  1(JO  miles ;  in  the  contrary  direction  it  reached  from  Wiltshire 
far  into  France,  beyond  Beauvais  for  250  miles. 

In  another  part  of  France,  Depart,  do  1'Aube,  M.  Oornuel  has  described  a  fluvio- 
lacufttrine  formation  between  the  Jurassic  nnd  Cretaceous  formations  at  Vassy, 
containing  Iguanodon9  several  species  of  Unio,  and  2*lanorbi8.  The  lacustrine  for- 
mation at  Cimey  is  in  a  corresponding  geological  position. 

In  the  Jura,  Villers,  Forcine-lc-lms,  the  Portland  beds  are  followed  by  hard 
bluish  marls,  calcareous  marls,  and  gypsum,  the  whole,  very  like  our  Purbeck  series. 
These  lacustrine  formations  are  interesting,  as  they  seem  to  show  the  existence  of  a 
chain  of  lakes  stretching-  across  Franco  into  Switzerland  for  200  miles,  with  a 
general  direction  parallel  to  the  axis  of  Artois,  and  thus  connected  as  part  of  one 
great  lake-system  with  our  Wealden. 

In  France,  De*p.  des  Deux  Charentes,  some  3oO  miles  duo  south  of  our  Sussex 
-  coast,  there  occurs  a  great  freshwater  formation  in  intermediate  position  between 
the  Portland  Oolite  and  what  were  then  the  lowest  bods  of  the  Cretaceous  series. 
Like  our  own  Wealden,  this  also  is  exhibited  over  a  surface  from  which  the  Creta- 
ceous strata  have  been  denuded.  This  formation  has  engaged  the  attention  of  many 
French  geologists,  more  particularly  of  M.  Coquand,  who  has  determined  its  age 
and  purely  lacustrine  character,  and  who  puts  it  as  the  equivalent  of  the  Purbeck 
beds  of  England ;  in  this  he  seems  to  be  guided  by  the  general  likeness  as  to  com- 
position and  the  presence  of  Physa  Uristowi,  a  well-known  Purbeck  species. 

The  sequence  of  events  at  this  place  was  as  follows : — Subsequently  to  the  for- 
mation of  the  Portland  Oolite  the  sea-bed  became  terrestrial  surface;  and  subse- 
quently again  to  that  a  depression,  extending  from  Chateauneuf,  near  Angouleme, 
to  beyond  the  Island  of  Oltfron,  became  the  site  of  a  great  freshwater  lake.  From 
St.  Jean  d'Angely  to  Chateauneuf  is  a  distance  of  thirty-five  miles ;  and  from 
Chateauneuf  to  Oldron,  S.E.  to  N.W.,  is  upwards  of  100  miles ;  but  then  figurep 
do  not  give  the  full  dimensions  of  this  freshwater  area,  as  its  deposits  nave 


boon  reduced  by  denudation  on  tho  north  and  pass  beneath  the  Cretaceous  series 
on  the  south.  The  original  lake  must  have  had  a  westerly  extension  seawards  j  and 
its  area  must  have  equalled  that  of  Lake  Ladoga. 

The  feeders  of  this  lake  are  more  easily  accounted  for  than  in  the  case  of  our 
own  Wealden.  Such  a  lake  would  necessarily  have  received  all  the  streams  de- 
scending from  the  western  slopes  of  a  terrestrial  surface  of  very  ancient  date,  namely 
the  granitic  district  of  Central  France. 

In  North  Germany  there  is  a  well-exhibited  Wealden  formation,  extending  from 
Bentheini  by  Ilhcine,  with  a  breadth  from  N.  to  S.  of  twelve  miles.  From  Ibben- 
hiiacu  it  reaches  on  the  S.  side  of  tho  Triassic  and  Pnlceozoic  axis  of  Osnaburg  for 


and  as  far  S.  as  the  Ilils  district.  From  W.  to  1C.  tho  ascertained  extent  of  this 
lake  is  upward*  of  120  miles. 

At  Bontheiin  the  dark  Wealden  clays,  with  bands  of  limestone  and  spathic  iron* 
ore,  with  Ci/rena,  Melanifp,  &c.  like  fhoso  of  Sussex  lierc,  aye  400  imdivs  thick; 
so  that  the  real  dimensions  of  this  northern  lake  were  very  much  greater  than 
those  here  given. 

These  large  Lacustrine  areas  imply  that  there  was  at  that  time  a  corresponding 
extent  of  terrestrial  surface.  And 'it  may  fairly  beaded,  A\hat  is  the  geological 
evidence  of  such  a  condition  r*  There-  ocrur  over  parts  of  Belgium  the  remains  of 
such  a  terrestrial  condition  of  surface  beneath  the  lower  Cretaceous  Beds  there 
(Tourtia),  consisting  of  variegated  sands  and  clays,  \\ith  much  diffused  vegetable 
matter,  and  occasionally  with  beds  of  lignite ;  such  .surfaces  can  be  traced  along 
the  lino  of  the  Belgian  coal-field  (Mons),  and  OM aiding  parts  of  the  Pahcozoic 
series.  These  beds  are  not  of  sufficient  dimensions  to  bo  termed  lacustrine,  but 
have  all  the  characters  of  the  deposits  of  ponds  and  marshes ;  and  M.  Dumoiit  has 
properly  referred  them  to  the  AVealden  period.  Suchlike  evidence  of  terrestrial 
conditions  recur  over  a  wide  European  area ;  such  are  the  subcretaceous  beds  of 
pisiform  iron-ore,  of  subaerial  origin,  and  the  wide  area  over  which  freshwater 
sands  with  PtcmpltyUuni,  Hecvptenitj  rycmUtvSj  £c.  of  our  Wealden  are  found. 

The  break  betwixt  tho  marine  Jurassic  and  Cretaceous  formations  is  verv  dis- 
tinct, physicallv  and  zoologically;  and  it  may  be  fairly  asked,  in  what  way  do  the 
forms  entombed  in  the  products  of  tho  intercalated  period  of  tenvstriul-siiriace  con- 
ditions serve  to  throw  any  light  on  what  took  place  during  that  long  interval  oj£ 
time? 

That  the  earliest  Purbeck-Wealden  fauna  should  have  Jurassic  relations — that  is 
to  sayt  that  it  must  have  synchronized,  with  such  wherever  that  formation  woa 
being  continued,  is  only  what  might  be  expected;  for  the  whole  of  the  bed  of  the 
Jurassic  seas  in  the  northern  hemisphere  was  not  coin  cried  into  subaerinl  surface 
at  once.  Midway  in  tho  course  of  the  Purbeck- Wealden  series  there  is  evidence 
of  tho  recurrence  of  marine  conditions,  with  Portlandian  forms,  such  as  Ostred 
distorta  and  Hemicidaris  purleckensis.  It  was  on  this  ground  that  Prof.  E.  Forbea 
suggested  the  propriety  of  placing  tho  Vurbeck  series  with  tho  Jurassic  in  syste- 
matic grouping ;  lor  it  showed  that  up  to  the  time  of  the  Middle  Purbeck  beds 
the  marine  fauna  of  the  nearest  seas  was  still  Jurassic. 

The  considerable  extent  of  land  surface  in  the  northern  hemisphere  during  tho 
whole  of  the  marine  Jurassic  period,  and  the  local  conversion  of  any  portions  of 
such  aea-bed  into  land,  whether  in  the  course  of  the  deposition  of  the  Lower 
Jurassic  series  (Stoncsfield),  or  between  the  lower  and  middle  (Brora,  Stailin),  or 
at  the  uppermost  stage  (Portland),  would  be  merely  tho  addition  of  so  much  more 
to  the  existing  land. 

The  forms  of  life  which  would  colonize  such  new  surfaces  would  be  such  as. 
migrated  from  the  older  adjacent  lands;  if  any  change  took  place  in  the  faun* 
or  flora  of  such  old  land-surface  in  tho  course  of  the  production  of  tho  marina 
Jurassic  series,  it  would  be  recorded  in  the  forms  eutomled  in  tho  laaustrina 
formations  of  the  several  stages  here  alluded  to. 

The  fossil  plants  and  freshwater  shells  from  Brora,  Loch  StafHn,  and  the 
Wealden  seemed  at  first  to  certain  well-known  and  competent  naturalists  to  show 
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that  an  identical  set  of  forms  ranged  throughout.  A  minutely  critical  examination 
has  since  indicated  shades  of  difference ;  yet  it  may  be  questioned  whether  such 
are  greater  than  different  localities  in  the  same  zoological  province  now  present, 
allowance  being1  made  for  differences  in  the  conditions  of  these  old  estuarmo  and 
lacustrine  areas. 

The  relations  of  the  land-surface  forms  of  the  Wealden  formations  of  the 
European  area  have  been  recognized  by  all  naturalists  as  being  Jurassic  rather 
than  Cretaceous.  In  this  the  Purbeck-VVealden  group  offers  an  exact  counterpart, 
zoologically  and  geologically,  of  the  Permian-Trias  group  j  just  as  the  marine  zoolo- 
gical relations  of  the  Permian  are  Paloeozoie,  so  those  of  the  Purbeck  are  Jurassic; 
and  when  next  after  each  of  these,  and  after  the  wide  spread  of  purely  marine  con- 
ditions over  the  northern  hemisphere  at  each  period,  the  marine  fauna  is  seen  to 
have  undergone  a  complete  change,  in  the  one  case  Palaeozoic  forms  go  out,  and  for 
ever,  to  be  succeeded  by  Mesozoic  or  Jurassic;  in  the  other  Jurassic  forms  go  out  and 
the  Lower  Cretaceous  come  in,  and  are  those  which  interchange  with  the  upper- 
most Wealden  fauna  at  Punfield  and  the  Pays  de  Bray. 

Did  time  allow,  I  might  call  attention  to  the  results  of  the  labours  of  the  dis- 
tinguished palaeontologists  who  have  described  the  forms  of  life  of  the  Wealden 
period,  both  of  animals  and  plants.  From  them  we  know  that  Crocodiles  and 
Chelonians,  referable  to  many  genera,  abounded  in  the  Wealden  waters.  Those, 
•with  the  Cycadere  of  the  land,  suiliciently  mark  the  temperature  of  that  time  as  being 
much  higher  than  it  is  here  at  present.  With  respect  to  the  numerous  large  ter- 
restrial Dinosaurs,  it  is  observable  that  as  yet  they  are  nearly  all  peculiar  to  our 
Wealden  lake.  The  relative  level  of  this  lake  seems  throughout  to  have  been 
such  as  to  have  admitted  of  easy  communication  and  interchange  with  the  waters 
of  the  sea ;  and  this  condition  may  serve  to  account  for  some  of  the  peculiarities 
which  its  fauna  presents. 


On  the  Temperature  and  other  Physical  Conditions  of  Inland  Sens,  In  tlielr 
relation  to  Geological  inquiry.  JJy  WILLIAM  B.  CARPENTKK,  M.JJ.,  LL.D., 
F.R.S. 

After  giving  a  brief  account  of  the  Temperature-phenomena  of  the  Deep  Sea,  as 
made  known  by  recent  observations  (see  Proceedings  of  Section  A,  p.  48),  Dr.  Car- 
penter contrasted  these  with  the  Temperature-phenomena  of  the  Mediterranean 
and  other  inland  seas.  In  the  Western  basin  of  tno  Mediterranean,  the  temperature 
of  the  surface  varies  with  the  season,  from  about  64°  F.  in  winter  to  70°  or  even  80° 
in  summer.  But  the  superheating  influence  of  solar  radiation  does  not  extend 
much  below  60  fathoms,  and  ceases  to  manifest  itself  at  100  fathoms;  and  from 
this  depth  to  the  bottom,  which  in  some  parts  lies  at  a  depth  of  1GOO  fathoms, 
there  is  a  uniform  temperature  of  54°.  From  the  coincidence  of  this  uniform  tem- 
perature with  that  which  seems  to  be  the  constant  mean  of  the  earth's  crust  in  the 
Mediterranean  area, — as  indicated  by  that  of  the  deep  tanks  in  Malta,  and  of  a  cave 
in  Pantellaria, — the  Author  had  thought,  in  the  first  instance,  that  it  might  be  de- 
pendent upon  gttftjacent  warmth.  But  subsequent  inquiries  have  satisfied  him  that 
it  is  mainly  determined  by  the  average  trwfrr -temperature  of  the  area.  As  he 
pointed  out  last  year  (Proceedings,  p.  51),  the  marked  contrast  between  tho  tem- 
perature of  tho  deep  stratum  of  the  Mediterranean  and  that  of  the  outside  Atlantic, 
obviously  shows  that  depth  per  se  has  no  effect  in  reducing  Oceanic  temperature, 
and  that  the  coldness  of  the  Sea-bottom  in  the  Atlantic  must  depend  on  a  flow  of 
glacial  water  from  the  Polar  area.  Ilerico  it  may  be  concluded  that  if  the  Strait 
of  Gibraltar  were  deep  enough  to  admit  the  cold  stratum,  the  temperature  of  tho 
deeper  portion  of  the  Mediterranean  would  bo  considerably  lower  than  it  is.  But 
as  the  "ridge"  between  Capes  Trafalgar  and  Spartel  is  shallow  enough  to  prevent 
the  entrance  of  any  but  the  surface- stratum  of  Atlantic  water,  the  winter-tempera- 
ture of  -which  is  as  high  as  that  of  the  Mediterranean,  the  latter  cannot  be  chilled 
"by  it ;  and  the  constant  temperature  of  the  whole  mass  of  its  water  from  100  fathoms 
downwards  may  be  regarded  aa  its  mcheimal,— the  solar  heat  to  which  its  surface 


TRANSACTIONS  OF  THE  SECTIONS.  97 

is  subjected  in  summer  expending  itself  in  producing  evaporation,  and  not  reaching 
the  depths  beneath. 

In  the  Eastern  basin  of  the  Mediterranean,  the  axis  of  which  is  about  2°  further 
south  than  that  of  the  Western,  the  constant  temperature,  as  determined  by  two 
very  deep  sounding's  (one  of  them  extending  to  more  than  1900  fathoms)  is  50°, 
which  seems  to  represent  its  isochehnal, — this  basin  being  cut  off  from  the  intrusion 
of  any  colder  water,  except  the  comparatively  small  quantity  that  may  come  down 
into  it  from  the  Euxine. 

Now  one  marked  consequence  of  this  uniformity  of  Temperature  in  the  deep 
Mediterranean  basins,  from  100  fathoms  downwards,  will  bo  an  absence  of  that 
Vertical  Circulation,  which,  in  the  Oceanic  areas,  brings  every  drop  of  water  at 
some  time  or  other  into  contact  with  the  Atmosphere,  and  thus  effects  its  aeration, 
— the  excess  of  Carbonic  Acid  which  it  has  derived  from  Animal  Respiration,  and 
from  the  Decomposition  of  Organic  matter,  being  removed,  and  replaced  by  Oxygen. 
Hence,  if  the  whole  of  the  deeper  water  of  the  Mediterranean  is  in  a  state  of 
stagnation,  it  might  be  expected  to  become  highly  charged  with  Carbonic  Acid  (its 
Oxygen  being  proportionately  reduced),  through  the  decomposition  of  the  large 
Quantity  of  Organic  matter  brought  down  by  the  great  rivers,— especially  the  Nile 
in  the  Eastern  basin,  and  the  Rhone  in  the  Western.  This  has  been  found  by  the 
Author  to  be  really  the  case — the  percentage  of  Carbonic  Acid  in  the  entire  amount 
of  gas  set  free  by  the  boiling  of  abyssal  water  in  the  Mediterranean  being  as  high 
as  GO,  mid  that  of  Oxygen  as  low  as  6,  that  of  Nitrogen  being  35 ;  whilst  the  highest 
percentage  of  Carbonic  Acid  ever  met  with  in  the  abyssal  water  of  the  Atlantic  was 
48,  that  of  the  Oxygen  being  1(>.  Thus  it  appeared  that  nearly  the  whole  available 
Oxygen,  in  the  atyssal  water  of  the  Mediterranean,  had  been  used  up  by  the  de- 
composition of  Organic  matter ;  and  this  condition  was  quite  sufficient  to  account  for 
the  extreme  paucity  of  Animal  life  in  the  muddy  deposit  which  is  being  formed  by 
the  very  slow  subsidence  of  the  finest  particles  brought  down  by  the  great  rivers 
and  diffused  through  the  entire  mass  of  Mediterranean  water. 

Thus  any  deposit  formed  in  a  deep  Inland  Sea  which  is  cut  off  from  all  but  super- 
ficial communication  with  the  Ocean  outside,  and  into  which  a  largo  quantity  of 
Organic  matter,  as  well  as  of  Mineral  sediment,  is  brought  by  large  rivers,  might  be 
expected  to  be  nearly  or  entirely  azoic — Edward  Forbes's  limitation  of  Animal  life 
to  300  fathoms  being  generally  true  of  the  Mediterranean,  though  not  of  the  open 
Ocean. 

The  Temperature  of  the  Red  Sea  is  probably  higher  throughout  than  that  of  any 
other  Inland  sea, — the  surface-temperature  of  its  Northern  part,  even  in  January  and 
February,  being;  never  beneath  70°,  whilst  in  the  Southern  it  rises  in  July  and 
August  sometimes  to  nearly  90°,  and  the  Strait  of  Babelmandeb  being  so  shallow 
that  no  water  below  70°  is  likely  to  find  its  way  into  it  from  the  Arabian  Gulf. 
Temperature-soundings  taken  last  February  in  the  Gulf  of  Suez  by  Capt.  Nares, 
gave  a  uniform  temperature  of  71°  from  the  surface  to  the  bottom  at  450  fathoms. 
Hence  it  may  be  assumed  with  tolerable  certainty,  that  even  in  the  deepest  part  of 
the  Red  Sea,  where  the  bottom  lies  at  more  than  1000  fathoms,  the  temperature 
will  be  never  lower  than  70° — thus  contrasting  very  strongly  with  the  temperature 
of  the  lower  stratum  of  the  Arabian  Gulf,  which,  ha\ing  a  temperature  of  about 
8(>°,  must  have  come  all  the  way  from  the  Antarctic  Sea. — In  connexion  with  this 
high  temperature  of  the  Red  Sea,  it  may  be  suggested  as  deserving  of  inquiry, 
whether  the  reef-building  Corals  live  at  a  greater  depth  in  it,  than  they  do  in  the 
Pacific.  The  inquiries  of  Dana  fully  confirm  the  statement  of  Darwin,  that  these 
Corals  do  not  live  tit  greater  depths  than  20  fathoms ;  and  they  have  aLo  led  him 
to  the  conclusion  that  they  are  limited  in  their  distribution  by  the  isochcimal  of 
(>8°.  Now  the  question  arises  whether  the  limitation  of  Depth,  is  not  really  deter- 
mined by  Temperature ;  and  in  that  case  these  Corals  shoulu  be  found  living  in  the 
Red  Sea  at  greater  depths  than  in  the  Pacific. 

A  curious  contrast  to  this,  however,  is  afforded  by  the  Sulu  Sea,  an  area  lying 
between  the  N .K  portion  of  Borneo  and  Mindinao,  only  partly  enclosed  by  islands 
at  the  surface,  but  shut  in  beneath  by  reefs  which  connect  them.  Now  the  surface- 
temperature  of  this  sea,  like  that  of  the  China  Sea  in  its  neighbourhood,  is  from 
80°  to  84° ;  and  the  temperature  of  both  seems  to  fall  at  about  the  same  rate  through 


98-  RK*OKT— 1872, 

the  first  200  or  800  fathoms.  But  while  the  temperature  of  the  Sulu  Sea,  which 
is  50°  at  500  fathoms,  never  falls  below  this,  even  at  1600  fathoms,  that  of  the 
China  Sea,  which  is  51°  at  200  fathoms,  falls  ^  to  87°  at  the  same  depth.  As  the 
isocheimal  of  the  Sulu  Sea  can  never  be  any  thing  like  as  low  as  50°,  it  is  clear  that 
the  reduction  of  the  temperature  of  its  deeper  portion  to  that  standard  must  depend 
lipon  the  entrance  of  cold  water  from  the  China  Soa  outside ;  and  it  may  be  pretty 
safely  concluded  that  the  depth  of  the  channels  of  communication  must  be  from 
200  to  800  fathoms,  so  as  to  admit  water  of  50°,  whilst  excluding  the  deeper  and 
colder  stratum. 

It  is  obvious  that  the  existence  of  these  peculiarities  must  have  a  very  marked 
influence  on  the  Biological  conditions  of  Inland  Seas— and  that,  as  like  peculiarities 
must  have  presented  themselves  in  former  periods  of  the  Earth's  history,  the  know* 
ledge  of  them  may  afford  important  aid  in  the  interpretation  of  Palsoontological 
phenomena,  

On  the  Tree  Ferns  of  the  Coal-measures,  and  their  Affinities  with  aviating 
Forms.    By  W.  CABRITTIIERS,  F.lt.S* 

Lindley  and  Hutton  describe  two  species  of  Tree  Ferns  from  the  Coal-measures, 
both  from  the  Bath  coal-h'eld.  I  have  been  able  to  add  eight  species  hitherto  un- 
described,  chiefly  through  the  assistance  of  J.  M'Murtrie,  Esq.,  of  Iladstock.  These 
belong  to  three  groups,  which  are  remarkably  distinguished  by  peculiarities  in  the 
structure  of  the  stems.  Two  of  the  groups  belong  to  living  forms,  while  the  third 
is  extinct,  being  confined  to  Palaeozoic  formations.  Caulopteris  and  TubicauUs  be- 
long to  the  same  type  as  the  living  ferns  which  possess  stems,  including  under  this 
term  the  humble  stems  (falsely  called  rhizomes)  of  many  of  our  British  species,  as 
well  as  the  arborescent  ferns  of  warmer  regions,  and  excluding  the  rhizomatous 
forms  like  Pteris,  Polypodium,  arid  Ilymenophyllum,  In  all  these  stems  we  have  a 
central  medulla,  surrounded  by  a  continuous  vascular  cylinder  penetrated  regularly 
by  meshes,  from  the  margins  of  which  the  vascular  bundle  or  bundles  to  the  fronds 
are  given  off,  and  through  which  the  parenchyma  of  the  medulla  is  continuous  with 
that  of  the  stipes.  In  most  tree  ferns  the  medullary  axis  is  larger,  and  the  bases 
of  the  stipes  decay  down  to  the  circumference  of  the  stem  j  but  in  Osmunda  the 
persistent  bases  of  the  stipes  permanently  clothe  the  small  vascular  cylinder,  which 
encloses  a  slender  pith.  To  this  latter  'form  belongs  the  stipe  with  a  dumb-bell- 
shaped  vascular  bundle,  separate  specimens  of  which  I  have  obtained  from  the  Coal- 
measures.  These  have  been  described,  both  on  the  continent  and  in  this  country, 
under  the  name  of  Zygopteris  \  but  they  belong  to  Cotta's  genus  Tubicaulis,  and 
they  are  very  closely  allied  to  a  group  of  fern-stems  which  I  have  already  placed 
together  under  the  name  of  Cheleptens.  The  atom-structure  of  the  common  tree 
fern  is  represented  by  the  genus  Cwdopteris,  of  wliich  I  have  six  species  of  carboni- 
ferous age. 

The  third  and  extinct  group  is  represented  by  Corda's  genus  Stcmmatopterisy  only 
now  known  to  be  British,  and  by  Psaronius,  which,  however,  is  not  a  septate  ge- 
neric form,  but  is  only  founded  on  specimens  showing  the  internal  structure  of  the 
stems  of  which  Corda's  genus  is  the  external  aspect.  The  chief  characters  of  Psaro- 
nius  have  been  drawn  from  the  structure  of  the  aerial  roots  which  invest  the  stem, 
from  which,  indeed,  the  generic  designation  was  derived ;  while  the  structure  of  the 
stem  itself  has  been  overlooked.  But  this  is  really  of  the  first  importance,  as  will 
appear  from  the  following  description  which  I  have  been  able  to  make  from  a  finely 
preserved  specimen  of  an  undescribed  species  in  the  British  Museum,  and  from  the 
figures  of  Cbtta  and  Corda.  The  circumference  of  the  stem  was  composed  of  a  con- 
tinuous envelope  of  indurated  tissue ;  within  this  there  were  perpendicular  tracts  of 
vascular  tissue  never  penetrated  by  any  mesh.  Between  these  tracts  the  leaves  were 
given  off  in  perpendicular  series,  the  large  single  leaf-bundles  coming  right  out  from 
the  central  parenchyma,  in  which  they  existed  as  well-formed  bundles,  filling  up  more 
or  less  completely  the  medullary  cavity.  In  one  form  (Zippea)  the  leaves  are  oppo- 
site, and  the  great  proportion  of  the  circumference  of  the  stem  is  made  up  of  the  per- 
sistent and  common  vascular  tissue ;  in  others  (species  of  Psaroniui)  the  permaneat} 
elements  of  the  stem  consist  of  three,  four,  six  or  more  perpendicular  tracts, 
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The  first  two  groups  have  the  arrangement  of  the  parts  of  their  stems  analogous 
to  that  which  exists  in  the  first  year's  growth  of  a  dicotyledon.  In  hoth  there  is  a 
parenchymatous  medulla  surrounded  by  a  continuous  vascular  cylinder,  which  is 
perforated  in  regular  manner  by  meshes  ibr  the  passage-out  of  the  vascular  elements 
of  the  appendages.  The  steins  of  the  third  group  have  a  structure  analogous  to 
that  which  is  found  in  the  stems  of  monocotyledons  j  for  in  both  we  have  the  vas- 
cular bundles  of  the  appendages  existing  in  the  parcnchymatous  axis,  and  passing 
out  independently  of  any  closed  cylinder.  The  permanent  elements,  however,  of 
the  circumference  of  the  stems  of  Psaronms  are  without  any  analogue  in  mono- 
cotyledonous  stems. 

There  seems^then,  good  reason  for  establishing  two  groups  of  ferns,  with  differ- 
ences characteristic  of  their  steins,  comparable  to  those  which  distinguish  the  steins 
of  monocotyledons  from  those  of  dicotyledons.  But  the  caution  I  have  always  in- 
sisted on  in  dealing  only  with  vegetative  organs  is  specially  required  hero;  for  I 
have  discovered,  I  believe,  the  frui ting-fronds  of  one  species  of  this  group  of  plants. 
With  the  Bath  specimens  of  Stfuwiafoptcris  ittsif/nixj  Corda,  as  well  as  with  those 
found  on  the  Continent,  the  fronds  of  Pecopteris  arbort'srenn  are  always  associated. 
It  is  the  only  fern  found  with  some  of  the  Bath  specimens.  It  is  also  to  be  ob- 
served that  the  bases  of  the  stipes  correspond  with  the  size  of  the  leaf-scars  on  the 
stems.  These  facts  are  not  absolutely  sufficient  for  the  correlation  of  tho  fronds 
with  the  stem ;  but  they  are  the  be?»t  evidence  for  this  that  \vo  can  expect  in  fossil 
botany  short  of  actual  organic  union.  Now  the  fruit  of  Pwupleris  arb  trcsccns  is  so 
near  to  that  of  CytflJicu,  that  I  can  find  no  chiu.'ieteis  whereby  they  can  be  separated. 
Our  classification  based  on  the  stems  must  of  course  yield  to  that  derived  from  the 
organs  of  fructification ;  and  our  group  of  ferns  instead  of  being  made  into  a  new 
order,  as  it  would  bo  by  some  who  publish  on  fossil  botany,  must  be  grouped  with 
a  tribe  of  recent  Poh/podfucctr, 

It  may  seem  that  this  is  a  forced  and  arbitrary  grouping  together  of  plants  that 
in  some  important  characters  so  remarkably  ditter ;  and  .so  it  is,  undoubtedly,  to 
those  who  with  rash  confidence  geiieralizo  on  the  systematic  position  of  plants  from 
stem-structure  alone.  Hut  what  can  such  objectors  say  to  this  practice  of  placing 
in  close  proximity  plants  that  arc  beyond  question  nearly  related  to  each  other  in 
all  essential  character.*,  though  s.uiic1  Live  euudices  (Last MI  &c.),  while  others  pos- 
Bess  rhizomes  (7Yms&c\);  yet  tlie.se  two  forms  of  stems  are  more  widely  separated 
from  each  other  than  tho  stains  of  the  extinct  pidrcoaoic  group  arc  from  those  of  tho 
1'ocent  forms. 

On,  the  present  state  of  otir  l'ii<)wl<>d</e  In  wnnwion  with  the  Brac7nopo:la*. 
Bij  TIIOXAS  DAVIDS.^,  #7f.#.,  F.Ct.ti. 

In  this  briof  notice  Mr.  Davidson  leferred  to  the  attempts  recently  made  to  re- 
move the  Braclilopoda  from  tho  Mollusca  and  place  them  with  the  Aunelides. 
Mr.  Davidson  still  adheres  to  the  view  entertained  by  the  larger  number  of  zoolo- 
gists, that  the  Hraehiopoda  form  part  of  a  class  (Molluscouha)  independent  of,  but 
related  to  tho  Mollusca;  he  remarks,  likewise,  that  some  characters  of  the  Brachio- 
poda  aro  certainly  very  pnzxling;  but  it  must  be  borne  in  mind  that  my  inverte- 
brate group  may 'be  "  annolidized  "  by  overrating-  certain  points  of  its  affinities.  ^ 

Mr.  Davidson  next  alludes  to  the  fact  that  the  Braclriormda  are  amongst  the  earliest 
known  forms  of  animal  life,  and  occupy,  after  the  Trilobites,  tho  most  prominent 
place  in  tho  actualization  of  the  globe.  lie  then  alludes  to  the  many  important  ro~ 
searches  made  since  185:3  in  connexion  with  the  anatomy  of  tho  animal,  as  well  as 
with  reference  to  tho  animal  in  life,  especially  by  Messrs.  Barrett,  Lacaze-Duthiers, 
Jeffreys,  Forbes,  Dall,  and  others,  and  which  would  tend  to  show  that  the  animal 
cannot  extend  its  arms  beyond  tho  shell,  is  rather  sluggish,  and  apparently  insensible 
to  light.  In  1853  he  laid  before  tho  public  a  review  of  what  had  been  done 
bv  others  as  well  as  himself  in  relation  to  tho  classification  of  the  Brachiopoda, 
proposing  at  the  time  to  divide  the  class  into  about  forty-five  genera;  but 
since  then  soino  sixty-nine  additional  genera  had  been  proposed  by  twenty-four 

*  Printed  in  wtcnso  in  tho  'Brighton  Daily  News1  for  August  20,  1872, 
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palaeontologists ;  and  if  some  fifteen  or  twenty  of  these  be  suppressed,  the  number 
will  have  been  more  than  doubled  siiico  1853. 

Mr.  Davidson  observes  that  it  is  also  curious  to  notice  that  a  general,  but  not 
Tegular  decrease  iu  the  number  of  species  has  taken  place  since  the  Palaoozoic  era 
up  to  tho  present  time,  and  that  many  years  must  elapse  before  paleontologists 
will  be  ablo  to  clear  away  the  many  diih'culties  that  still  prevent  their  arriving  at 
a  truly  satisfactory  classification  of  the  group. 


Remarks  on  the  Genera  Trimerclla,  Dinobolus,  and  Monomcrclla.  By  THOMAS 
DAVIDSON,  FJt.S.  <Jv.,  and  WILLIAM  KING,  Sc.l).  and  Professor  of  Minera* 
logy  and  Geology  in  Queen's  College,  Galway. 

The  paper  touched  upon  some  of  tho  salient  points  treated  of  in  a  detailed  memoir 
in  preparation  by  the  authors  for  the  Geological  Society.  They  propose  the  name 
Trimcrellida  for  a  family  to  include  the  genera  named  in  the  title.  The  typical 
genus  Trimcrella,  although  possessing  many  distinctive  features,  is  in  their  opinion 
structurally  and  genetically  related  to  Lint/wla.  Keserving  the  discussion  of  tho 
first  of  these  points  to  their  forthcoming  memoir,  they  gave  reasons  for  holding 
the  view  that  Trimerclla  has  been  created,  adopting  tho  doctrine  of  genctheonomy, 
out  of  some  preexisting  Lingulid.  Tho  internal  features,  most  complex  in  the 
typo  genus,  wore  briefly  noticed;  and  their  modifications,  as  characteristic  of  the 
three  genera,  were  pointed  out. 

The  chronogeological  range  of  the  family  extended  from  the  Llandeilos  to  the 
"Wenlocks,  the  latest  and  only  representative  species  of  Dinobdus  occurring  in  the 
latter  rocks.  The  known  species  have  been  found  in  Canada,  tho  United" States, 
Gothland,  liiissia,  and  England  :  Dudley  is  tho  only  English  locality.  The  family 
comprises  about  seventeen  species,  which  have  been  instituted  by  Billings,  Lind- 
strom,  Hall,  Meek,  Dall,  Salter,  and  the  authors, 


On  tlie  Physical  Gco<irupli)f  of  the  Mediterranean  fJurhir/  the  Pleistocene  Age. 
By  Wi  BOYJ>  DAWJUNS,  M.A.,  F.Rti. 

The  geological  evidence  that  the  area  of  the  Mediterranean  has  boon  subjected 
to  oscillations  of  level  dining  tho  tertiary  period,  is  clear  and  decisive.  Professor 
CJaudry  has  proved,  in  his  great  work  on  the  fossil  remains  found  at  Pikcrmi,  that 
the  plains  of  Marathon  imut  have  extended  far  south  into  tho  Mediterranean,  in 
the  late  Miocene  period,  to  have  supported  the  vast  troops  of  Ilipparions,  herds  of 
antelopes,  and  the/  very  remarkable  Mastodons  and  large  Edentata  which  wore  re- 
vealed by  his  enterprise.  Tho  restricted  and  rocky  area  of  Attica,  as  now  consti- 
tuted, could  not  have  afforded  sustenance  for  such  a  large  and  varied  group  of 
animals,  nor  could  the  broken  hills  and  limestone  plateaux  of  Peloponnese  have  been 
the  haunts  of  the  Ilipparions  and  the  Antelopes,  if  their  habits  at  all  resembled  those 
of  their  descendants  living  at  the  present  time.  From  this  it  follows  that  Greece 
was  prolonged  southwards,  in  the  direction  of  Africa;  and  if  Africa  were  then,  as 
now,  the  headquarters  of  the  antelopes,  it  is  very  probable  that  one  of  the  lines  by 
which  they  passed  over  into  Europe  was  in  this  direction.  In  the  Pliocene  age, 
the  presence  of  the  Hippopotamus  alike  in  Italy,  France,  and  Germany  can  only  be 
accounted  for  by  the  continuity  of  tho  African  mainland  so  as  to  allow  of  the 
migration  northwards  of  that  animal,  It  would  seem,  therefore,  that  then  also  the 
area  of  the  Mediterranean  could  not  have  formed  the  barrier  to  migration  which 
it  does  now.  But  nevertheless  the  marine  strata  of  Lower  Lombardy,  of  Sicily, 
and  of  Marseilles  prove  that  in  some  districts  the  present  land  was  submerged 
during  a  part  of  the  Pliocene  age. 

"What  was  the  physical  geography  of  the  Mediterranean  during  the  Pleistocene  age  ? 
The  condition  01  Southern  Europe  at  that  time  is  an  important  factor  in  arriving  at 
any  true  conclusions  as  to  the  Pleistocene  climate  in  France,  Germany,  or  Britain; 
for  if  it  be  proved  that  a  mass  of  land  then  extended  where  the  Mediterranean  now 
rolls,  the  extension  must  necessarily  have  affected  the  heat  of  summer  and  the  cold 
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of  -winter  in  Central  and  North-western  Europe.  I  shall  first  of  all  take  the  evidence 
offered  by  the  distribution  of  tho  Pleistocene  mammalia  of  Southern  Europe,  and  then 
compare  it  with  the  conclusions  which  may  be  drawn  from  tho  various  soundings  of 
the  sea  at  the  present  time.  Wo  will  begin  with  tho  mammalia  of  the  Iberian  penin- 
sula. The  researches  of  Captain  Broome,  Professor  Busk,  and  of  the  late  Dr.  Fal- 
coner have  established  the  fact  that  African  mammalia,  now  no  longer  to  be  found 
in  Europe,  lived  in  the  Pleistocene  caves  of  Gibraltar.  Besides  the  Lion,  Rhinoceros 
hcnritoc/ius,  and  Ibex,  they  discovered  the  Spotted  Hyaena,  and  the  Serval,  both  ot 
which  are  peculiarly  African  species,  and  which  must  therefore  have  crossed  over  from 
that  region  to  inhabit  the  caves  in  which  they  are  found,  or  vice  versa.  To  this  list 
a  third  African  species  is  added  by  the  African  elephant,  found,  along  with  flint 
implements,  in  a  river-gravel  near  Madrid,  The  last  animal  has  also  been  obtained 
from  the  caves  of  Sicily  by  Dr.  Falconer,  in  association  with  the  Spotted  llyrena 
(the  Elephas  antiqum)  and  the  Grizzly  Bear,  all  of  which  were  living  at  the  time  as 
far  north  its  the  latitude  of  Yorkshire.  It  is  obvious  that  the  presences  of  tho 
African  elephant  in  Sicily  must  have  been  brought  about  by  the  existence,  in  old 
times;  of  a  bridge  of  laud  passing  from  Sicily  to  those  districts  which  it  still  inhabits, 
just  as  the  presence  of  tho  Grizzly  Bear  and  Ekphas  antiques  in  Sicily  proves  that 
they  passed  over  from  their  European  headquarters  before  the  existence  of  tho 
Straits  of  Messina.  Nor  arc  we  without  indications,  from  the;  study  of  the  mam- 
malia alone,  of  the  position  of  the  land  which  formerly  connected  Sicily  with  Africa. 
A  small  species  of  extinct  Hippopotamus  (If.  rentfandi),  almost  as  small  as  tho 
living  JT.  liber iensis  of  Morton,  occurs  in  such  incredible  abundance  in  the  caves  of 
Palermo,  that  its  remains  were  formerly  exported  for  use  in  sugar-refining.  This 
animal  has  also  been  proved  by  Captain  Sprat t  and  Dr.  Leitli  Adams  to  have  lived 
in  Malta,  along  with  a  pigmy  elephant  (7£  Falconcri)  and  a  curious  gigantic  dor- 
mouse (Jlfyojcits  tnelitcHsis) ;  and  it  has  also  been  met  with  in  Candia;  find  moro 
recently  I  was  able  to  identify  the  last  lower  true  molar  of  the  animal  among  ob- 
jects which  Dr.  Ilolleston  obtained  from  a  Greek  tomb  at  Megalopolis,  in  the  Pelo- 
ponncsc,  and  which  was  probably  derived  from  some  of  the  many  caves  of  the  lime- 
stone in  that  district.  For  this  extinct  animal  to  have  spread  from  Sicily  to  Malta, 
from  Malta  to  Candia,  and  from  Candia  to  the  Peloponuese,  or  vice  versa,  the  whole 
of  these  islands  must  have  been  united  together,  and  must  have  formed  the  higher 
grounds  of  a  land  that  is  now  sunk  beneath  the  waves  of  the  Mediterranean. 

This  was  Dr.  Falconer's  opinion ;  and  it  is  fully  borne  out  by  the  soundings, 
which  prove  that  a  comparatively  shallow  sea  now  separates  the  Pelopomiese  from 
Caudia,  and  Sicily  from  Malta,  and  the  adjacent  mainlands  of  Italy  and  Africa. 
The  great  depth  of  the  pea,  no  less  than  1400  fathoms,  which  intervenes  between 
Caudia  and  the  mainland  of  Tangier,  offers  a  difficulty  to  the  view  that  the  land 
has  been  sunk  to  that  depth  since  Hippopotamita  Pcnilandi \i\ed. in  the  island;  and 
it  is  therefore  very  probable  that  the  animal  found  its  way  from  Sicily  and  Malta 
by  way  of  IVlopoiinese,  rather  than  over  an  extension  of  the  African  mainland.  The 
soundings  reveal  the  fact  that  the  Mediterranean  consists  of  two  deep  basins,  sepa- 
rated from  each  other  by  comparatively  shallow  water,  one  barrier  extending  from 
Africa,  past  the  Straits  of  Gibraltar,  to  Cadiz,  and  the  other  reaching  from  Tunis, 
past  Sicily  and  Malta,  to  join  Italy.  The  elevation  of  these  barriers  above  water 
would  satisfactorily  account  for  the  presence  of  African  mammalia  among  tho 
European  fauna  of  the  Pleistocene  j  and  we  may  therefore  reasonably  conclude  that 
they  were  then  alxne  water.  In  that  case,  however,  the  Mediterranean  would 
consist  of  two  small  land-locked  basins,  around  which  there  would  bo  comparatively 
free  migration  from  Africa  to  Europe,  and  vice  rcrtd.  In  the  map  exhibited  I  have 
represented  the  restricted  area  which  the  Mediterranean  must  necessarily  have 
occupied  if  the  land  were  elevated  to  the  extent  of  400  fathoms,  or  the  depth  between 
Candia  and  Pelopomiese.  The  substitution  of  a  mass  of  land  such  as  this  for  a 
stretch  of  sea  in  the  Mediterranean  area,  could  not  fail  to  cause  the  summer  heat 
to  be  more  intense  in  France,  Germany,  and  Britain  than  it  is  now,  while  the  in- 
creased elevation  of  tho  land,  to  an  extent  of  2400  feet,  would  produce  a  corre- 
sponding intensity  of  winter  cold,  as  Mr.  Godwin- A usten  has  pointed  out  in  the  case 
of  the  hills  of  Devonshire.  And  it  must  be  admitted  that  this  condition  of  things 
would  react  on  the  climate  of  France  and  Germany,  and  even  of  Britain.  When, 
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indeed,  we  consider  that  the  Pleistocene  land-surface  extended  from  Africa  north- 
wards as  far  as  the  hundred-fathom  line,  to  say  the  least,  in  the  Atlantic  oft"  the 
coast  of  Ireland,  it  is  no  wonder  that  tho  African  animals,  such  as  the  Spotted 
Hycena  and  the  Fdh  coffer,  should  have  ranged  as  far  north  as  Yorkshire  j  for  the 
only  barrier  would  be  that  o  fibred  by  the  seventy  of  the  Pleistocene  winter.  The 
Hippopotamus  and  tho  Striped  Hyiona  found  in  tho  raves  of  Lunol-Viel  and  of 
Spam  cannot  be  cited  as  evidence  of  a  continuity  of  land  between  Africa  and 
Europe  in  tho  Pleistocene  age,  because  they  wcro  European  Pliocene  species,  and 
may  therefore,  like  tho  horse,  have  lived  on  into  the  succeeding  age  without  any 
migration.  __ 


On  the  Fossil  Animals  of  Mount  Leberon 
By  Professor  ALBEJIT  QAVDHY. 

The  author  stated  that  he  had  made  excavations  near  Cucuron  in  Mount  Leboron, 
where  Ohristol,  Gervais,  and  others  had  already  made  some  researches  —  and 
that  he  had  there  obtained  about  12'K)  bones,  which  are  deposited  in  the  Museum 
of  Natural  History  at  Paris,  The  following  is  a  list  of  species  obtained  :  — 

Machairodus  cultndcns.  SIM  major. 

Ictitheriumhipparionum,  or  Ic.  robiisium.     JfiJkulotheriiim  DuocramjL 
Orlignyi?  Trut/occriti  amnltlwux. 


Jlyccna  eximia.  (lamella 

fiinothtrium  (a  very  large  species).  Cvrmn  Mtitlwrom*. 

Rhinoceros  ScJilciermacJieri.  Tetfndo  (a  very  large  species). 

Acerothvrium  incision  m  ?  Trstttdo  (a  small  species), 
Hipparion  (/facile. 

All  of  those  specie*,  except  Cerrui  Matkcronis  and  Tcstudn,  liad  been  found  by 
tho  author  at  Pikermi  hi  Attica.  In  comparing  the  1200  bones  from  Mount 
Leberon  with  the  4040  bones  from  Pikermi,  tho  author  had  been  struck  with  tho 
variations  exhibited  by  animals  that  seem  to  have  descended  from  tho  same  parents. 
I[o  also  noticed  that  the  presence  of  numerous  herbivores,  such  as  Uippurioti,  Tra- 
yoccruSy  and  Garnelht,  and  of  one  so  largo  as  llcllttdotheriitm,  pro\ea  that  a  prrat 
extent  of  meadow-land  and  a  varied  scenery  must  have  existed  at  tho  end  of  tho 
Miocene  period. 

The  author  considered  that  tho  fossils  of  Leberon  arc  somewhat  moro  recent 
than  those  of  EppoLsheim,  but  about  the  same  age  as  tho.su  of  I'ikermi  in  Greece, 
Baltaver  in  Hungary,  and  Concud  in  Spain.  Tho  age  of  the  beds  in  which  they 
occur  at  Mount  Leborou  is  very  clearly  seen  from  the  following  Table  :— 

7*  Terrestrial  beds,  with  bone*  of  Hipptiriun  and  other  animals. 

0.  Lacustrine  marls,  with  Helix  ChristolL 
5.  Marls  with  Ostrea  crassittsinui. 

4.  Littoral  marine  boils,  with  Ctmlittt  Jonnnncti  anil  other  fossils,  a.s  at  Sallcs. 

3.  Yellow  Mollas3et  with  Ottrcu  Jtt/  blayi  nnd  Pccten  phuiottulcatita. 

i?.  Grey  Mollasse  ;  fossils  rare  or  absent.    Probably  found  in  a  deep  sea. 

1.  Neocomian  beds.  _ 

On  the  Prospect  of  fuidiiiy  Productive  Coal-measures  in  Norfolk  and  Suffolk, 
with  Suggestions  as  to  the  place  wJierc  «n  Experimental  Uoriny  should  le 
made.  %  the  llev.  J.  Q^NK,  F.U.S. 

Mr.  Gunn  showed  that  the  Anglo-Belgian  Basin  had  existed  from  tho  Forest- 
bed  period  to  that  of  tho  Palieozuic  rocks,  that  it  was  bounded  by  such  rocks 
on  the  east  and  the  south,  that  a  remnant  at  Harwich  indicated  that  such  also  was 
its  boundary  to  tho  west,  that  it  was  open  to  the  sea  to  the  north,  very  favourably 
to  the  formation  of  coal  —  that  there  was  proof  of  flic  existence  of  forests  in  this 
basin,  which  had  been  repeatedly  elevated  and  depressed  at  various  times,  and  that 
the  seams  of.  coal  on  tho  Belgian  side  were  proved  to  have  increased,  rather  than 
thinned,  as  they  approached  tho  coast.  On  these  grounds  Mr.  Gunn  thought  an 
experimental  boring-  waa  desirable  \  and  he  fixed  upon  Hunstanton,  because  tho 
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work  would  commence  there  with  a  lower  bed  than  was  reached  at  the  Norwich 
"boring,  namely  the  Kimmeridge  clay,  and,  from  the  absence  of  the  next  stratum 

Sthe  Coral-rag),  and  thinning-out  and  absence  of  others,  ho  did  not  anticipate  a 
eepcr  bore  than  1000  feet  before  coal  would  be  obtained. 


On  the  occurrence  of  Trunks  of  Psarouius  in  an  erect  position,  resting  on  their 
original  bed,  -in  Hocks  of  Devonian  aye  hi  the  St<tte,  of  New  York  ;  with 
some  fnftrewes  reyardinf/  the  Condition  of  the  &a-bottom  and  Shore-line 
during  the  Deposition  of  the  Strata.  By  Prof.  JAMES  HALL. 

During  the  year  1870  sonio  excavations  were  made  in  Schoharie  County,  N.  Y., 
in  beds  of  sandstone,  referred  at  that  time  1o  the  upper  part  of  the  Hamilton  group, 
but  which  probably  belong  to  higher  beds  in  the  series.  Several  trunks,  apparently 
of  tree  ferns,  were  found  in  an  upright  position,  with  their  bases  resting1  in  and 
Upon  a  bed  of  clay,  in  which  they  appear  to  have  grown.  Tn  this  clay,  and  in  tho 
lower  three  feet  (if  the  sandstone  above,  there  were  abundant  remains  of  vegetable 
substance,  supposed  to  belong  to  the?e  trunks  and  to  other  vegetation  of  the  period. 
Principal  Dawson  refers  those  trunks  to  the  genus  Psaronius  j  and  he  has  determined 
two  or  more  spec  ies  from  the  locality. 

The  author  believed  that  here  we  had  evidence  of  a  point  of  comparatively  dry 
land  on  the  eastern  margin  of  tlio  Devonian  sea.  In  tracing  the  beds  westwards, 
it  was  found  that  at  first  coarse  sediment  predominated  with  but  few  fos41s  except 
plants ;  but  in  going  in  a  westerly  direction  the  sandstones  lose  their  coarseness, 
the  shales  become  finer  and  calcareous.  A  corresponding  change  takes  place  with 
the  fauna ;  for  at  iirst,  where  shells  occur,  they  are  chiefly  those  of  the  Lamelli- 
branchiata,  and  it  is  not  till  wo  have  travelled  some  distance  to  the  westward  that 
Braehiopoda  are  found,  at  least  in  any  quantity.  Where  both  occur,  the  Lamelli- 
brancliiata  are  confined  to  the  harder  and  coarser  beds,  and  the  Brachiopoda,  as  a 
rule,  to  the  liner  sediments.  ^Not  only  so,  but  sometimes  the  coarser  beds  are 
charged  with  a  few  species  of  particular  genera,  as  of  AvicuhpcL-tcn,  while  others 
are  crowded  with  Mwlio1a-}\\&  forms  with  lew  Aciculcpertcmti  whilst  Grumnit/tiit, 
a  genus  which  may  perhaps  belong  to  the  ^  Unionidre,  has  sometimes  flourished 
abundantly,  to  the  almost  entire  exclusion  of  every  thing  else. 

The  changes  here  indicated  can  bo  traced  over  a  lino  of  outcrop  of  more  than 
three  hundred  miles  from  c<wt  to  webt,  and  through  a  vertical  thicknesd  of  from 
two  to  four  thousand  feet. 

The  author  inferred  that  this  area  during  the  deposition  of  these  beds  was 
undergoing  continuous  oscillation  of  level,  with  a  general  downward  movement. 
lie  considered  that  the  alternation  of  coarser  and  liner  beds,  with  their  character- 
istic fossils,  might  be  duo  to  such  oscillating  movements. 


On  the  Relations  of  the  Middle  and  Upper  Silurian  (Clinton,  Niagara,  and 

Lower  llelderlcry)  Hocks  of  the  United  States.     By  Prof.  JAMES  HALL. 
The  author  remarked  that  although  American  geologists  still  use  the  local  terms 


England  1 
follows: — 

a  I  Lower  ITelderbcrir. 

Uri-Kii  SILUHIAN j  Water4ime. 

Onondaga  Salt  group,  or  Salina  formation. 
{ Niagara  group. 
MIDDLE  SILURIAN    s§ . .  <  Clinton  group. 

( Medina  Sandstone. 
[  Hudson-Hirer  group, 
J  Trenton        j 

SILVHIAN SBlack-lUverV  Limestones, 

( Birdseyo       J 
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Below  all  these  come  the  well-marked  Lower  Silurians,  the  equivalents  of  the 
British  Caradoc  and  Llandeilo  formations. 

Between  the  Middle  and  Upper  Silurians  of  the  United  States  there  is  scarcely  a 
single  species  in  common.  Representative  species  occur ;  and  whenever  the  phy- 
sical conditions  have  been  similar  during  the  two  epochs,  the  species  occurring  in 
those  beds  bear  a  close  similarity  to  each  other. 

The  author  alluded  to  the  opinion  of  Mr.  Warshen,  that  the  Lower  Helderborg 
group  should  be  placed  with  the  Niagara  group,  and  expressed  his  strong  dissent 
from  those  views.  He  traced  these  rocks  for  several  hundred  miles  in  their 
westerly  range  from  the  Schohario  valley,  and  said  that  in  that  direction  llio 
Lower  "Helderberg  group  dies  out,  whilst  the  Water-lime  and  the  Onondaga  Salt 
group  considerably  expands.  To  the  east  and  south  of  tho  Schoharie  valley  tho 
Lower  Ilelderberg  group  always  occurs,  and  is  everywhere  underlain  by  the  Water- 
lime  formation.  In  Canada  the  Lower  Ilelderberg  group  is  largely  developed, 
whilst  the  Niagara  group  scarcely  exists  there. 

The  author  contended  that  throughout  all  this  vast  area  the  physical  fact  of 
superposition  and  the  evidence  of  fossils  coincide  to  prove  tho  Lower  Ilelderberg 
group  a  distinct  and  overlying  formation  to  the  Niagara  group,  and  separated  from 
it  by  the  Onondaga  Salt  group  and  Water-lime  formations,  wherever  these  latter 
formations  exist. 

It  appears,  however,  that  in  parts  of  Tennessee  tho  Lower  ITelderberg  and 
Niagara  groups  do  sometimes  como  into  contact  from  the  local  thinning-out  of  tho 
intermediate  groups.  But  upon  this  Prof.  Hall  remarked  that  while  the  actual 
physical  and  zoological  distinction  can  be  traced  in  a  westerly  direction  for  more 
than  twelve  hundred  miles,  in  a  north-easterly  direction  for  six  or  eight  hundred 
miles,  and  for  an  equal  distance  in  a  southerly  and  south-westerly  direction,  he 
could  scarcely  suppose  that  the  few  facts  observed  within  limited  areas,  and  not 
yet  submitted  to  the  test  of  comparison,  would  change  tho  views  of  geologists  upon 
the  distinctive  character  of  these  formations. 


On  the  CJtalJc  of  tlic  Pans  Bitsin. 
By  M.  HUBERT,  Professor  of  Geoloyy  in  the  tiorbonnc,  I'aris. 

This  communication  was  made  by  M.  Ilebert,  as  the  result  of  his  researches  on 
the  Chalk  of  the  Paris  basin,  It  was  illustrated  by  two  sections,  the  first  of 
which  represents  the  cliffs  of  the  channel  from  Havre  to  Boulogne,  the  second 
giving  a  section  from  Le  Perche,  a  distiict  which  borders  Brittany  on  the  east,  to 
Belgium.  The  characters  which,  according  to  M.  Ilebcrt's  classification,  divide 
the  beds  are  so  well  marked,  that  it  is  possible  to  ascertain  the  point  where  one 
division  ends  and  another  begins.  At  this  point  not  only  does  the  fauna  change 
abruptly,  but  also  the  lithological  differences  are  equally  clear ;  besides,  the  sur- 
face of  one  division  is  always  hardened  and  eroded  more  or  less.  There  is  no 
passage  of  the  lower-lying  hard  beds  into  the  soft  upper  chalk.  These  lines  of 
separation  are  always  more  numerous  than  the  palfnontologiral  divisions  ;  but  two 
paloeontological  divisions  are  always  unconnected.  These  characters,  in  M.  Ilebert's 
opinion,  remove  all  difficulty ;  and  in  submitting  the  results  of  his  researches  to 
those  English  geologists  who  interest  themselves  in  the  chalk,  he  hopes  to  convince 
them  of  the  exactitude  of  the  divisions  lie  has  proposed  ;  and  he  would  refer  them 
to  tho  cliffs  of  Kent,  which  afford  an  exact  copy  of  those  of  the  opposite  shore 
of  France. 

The  divisions  which  M.  Hubert  has  established  are  as  follows  in  ascending  order: — 

1.  Glauconitic  chalk,  the  equivalent  of  the  Upper  Groensand  and  grey  chalk. 

2.  Chalk  with  Inoceramm  lubiatusy  or  chalk  marl,  and  chalk  without  Hints,  and 
a  portion  of  the  chalk  with  Hints. 

3.  Chalk  with  Micraster  cor-U>&tudinarium,\L.Wim%  for  its  base  the  zone  of  Iloltis- 
tcr  planus,  and  which  corresponds  to  a  portion  of  the  chalk  with  Hints, 

4.  Chalk  with  Micraster  cor-anf/uitmm,  chalk  with  ilints. 
6.  Chalk  with  Bclemnitelld  nwcronatctj  Norwich  Chalk. 

The  Chalk  of  the  Paris  basin  forms  several  parallel  folds,  which  correspond 
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with  orographical  accidents.  Traversing  the  country  from  Artoia  to  Brittany, 
they  form  elevations  and  depressions  in  the  following  order: — 1.  Tho  axis  of 
elevation  extending  from  the  Boulounais  to  the  Ardennes  (axis  of  Artois  of 
M.  Arehiac).  2,  Depression  corresponding  to  the  valley  of  the  Somme  formed 
in  the  most  recent  beds,  viz.  Chalk  with  Micmster  cor-anrjuinwn^  which  ex- 
tends from  St.  Valery  sur  Somme,  passing  by  Amiens,  Loiigueau,  and  Moreuil, 
where  it  meets  the  chalk  of  Meudon  in  the  direction  of  Xoyon.  3.  The  second 
axis  from  Compiegne  to  Breteuil,  which  extends  by  the  valley  of  La  Bresle 
as  far  as  Trdport,  which  opens  out  in  the  lower  portion  so  as  to  show  in  the 
bottom  of  the  valley  the  chalk  containing  Lioccranius  labiatiw,  and  on  the  flank 
the  newer  beds  dipping  in  the  opposite  direction.  4.  Between  this  upheaved  por- 
tion and  that  of  Bray  there  is  a  depression  which  can  be  followed  from  Criel-sur- 
Mer  to  Beauvais.  5.  The  axis  of  upheaval  of  the  district  of  Bray  is  seen  on  tho 
shore  of  the  English  Channel  at  Brv  ille-sur-Mer.  There  the  Craie  GJauconieusc 
is  visible  at  low  water.  There  are  several  faults  which  are  visible  in  the  cliffs. 
This  upheaved  portion  is  much  larger  than  the  preceding  one,  and  is  seen  as  far 
as  Dieppe,  where  it  ends,  being  cut  off  by  a  fault  of  about  200  feet.  6.  A  very 
well-marked  depression  exists  between  Dieppe,  and  Fecamp,  of  which  Veules 
occupies  the  centre.  There  the  chalk  with  Micrttster  cor-anguinum  descends  to 
the  level  of  the  sea,  while  both  at  Fe'canip  and  Biville  the  Craie  Glauconieuse  is 
at  the  same  level.  This  depression  runs  parallel  to  tho  axis  of  the  district  of  Bray 
as  far  as  Gisor.s,  whore  the  chalk  of  Meudon  is  seen  at  a  much  lower  level  than 
the  older  beds  found  to  the  N.E.  or  S.W.  7.  The  ridge  extending  from  Fecamp 
to  Meudon,  by  Kouen  and  Yernon.  This  elevation  is  accompanied  by  a  fault 
which,  though  in  a  somewhat  broken  line,  still  keeps  a  course  parallel  to  the 
general  direction  of  the  river  Seine  from  Paris  to  Kouen.  The  sections  show  that 
the  strata  have  been  raised  on  each  side  towards  the  fault  between  Kouen  and 
M  antes;  and  consequently  tho  valley  of  the  Seine  does  not  correspond  to  a  de- 
pression which  would  be  the  counterpart  of  the  elevatiou  of  Bray.  The  Seine 
winds  in  and  out,  crossing  the  fault  repeatedly.  Beyond  Mantes  the  fault  passes 
to  Heynes,  and  is  prolonged  to  Meudon,  Bicetre,  &c.,*  where  the  chalk  is  elevated 
and  probably  takes  the  form  of  an  upheaved  fold.  8.  To  the  south-west  of  tho 
projecting  mass  of  Boyues  and  Meudon  a  large  depression  exists,  which  seems  to 
take  in  the  valley  of  the  Euro  as  far  as  Louviers,  mid  accounts  for  the  presence  of 
Ctilrttire  t/rossfcr"  in  this  outh  ing  portion  of  tho  tertiary  basin.  9.  To  the  south- 
west of  this  zone,  which  extends  from  Trappes  to  Caudebec,  the  strata  are  up- 
heaved, and  the  chalk  with  Inoceramits  hibiatus  is  seen  at  the  foot  of  the  hills  of 
Le  Perche.  The  sandstones  of  Maine  crop  up  from  under  this  chalk  and  form  this 
new  upheaved  fold,  which  has  several  flexures,  and  is  followed  by  the  fault  which 
extends  from  Nogent  le  Kotrou. 

Thus  (1)  Le  Perche,  (2)  the  axis  of  the  Seine,  (3)  the  district  of  Bray,  (4)  tho 
axis  of  La  Bresle,  (5)  the  axis  of  Artois  from  tho  Boulonmds  to  the  Ardennes, 
form  five  convex  folds  which  are  parallel  and  separated  by  depressions.  They  have 
been  produced  by  the  general  movements  of  the  Paris  basin,  due  to  the  contraction 
of  tho  earth's  crust.  These  folds  are  of  earlier  date  than  the  "  Argilo  rouge  a 
silex  "  (red  clay  with  flints),  which  covers  up  the  eroded  surfaces  of  the  different 
beds  of  the  chalk,  with  the  exception  of  the  chalk  with  Belemnitella  mucronata, 
which  is  probably  of  more  recent  origin  ;  for  the  lignites  and  the  lower  sands  repose 
at  Veules,  VarangiSville,  Oriel,  and  St.  Valery-sur-Somme  on  the  chalk  v\i\\Micr  aster 
cor-anyuimtm.  If  denudation  had  taken  place,  it  would  not  be  accounted  for  by 
suppos'imr  that  the  chalk  with  Belemnites  was  entirely  removed  elsewhere  j  the 
folds  could  have  been  augmented  at  a  later  period. 

The  two  sections  show  the  perfect  correspondence  of  the  several  folds ;  but  their 
regularity  is  shown  by  all  the  observations  made.  They  approach  each  other  towards 
the  north-west,  and  do  not  extend  to  the  south-east  beyond  a  line  passing  through 
Paris  from  south-west  to  north-east.  The  folds  are  much  nearer  to  each  other  on 
the  coast-line  than  inland,  where  they  are  separated  twice  as  much. 

Now,  what  becomes  of  these  folds  on  the  English  coast  ?  ^  It  is  certain  that  the 
fifth  and  last  of  them,  the  axis  of  Artois  and  the  Boulonnais,  corresponds  to  that 
of  the  Weald,  and  equally  so  that  the  Jurassic  coast-line  of  Portland  corresponds 
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with  that  of  Ileimoqnovillo,  noav  Trouville,  which  poems  to  belong  to  the  "Peveho" 
system,  and  of  which  the  Havre  beds  are  an  extension.  The  second  fold  seems 
to  point  towards  the  Isle  of  Wight,  where  another  dislocation  from  east  to  west 
seems  to  have  crossed  it.  The  third  and  fourth,  those  of  Bray  and  La  Bresle,  do 
not  appear  to  extend  to  the  Hampshire  basin. 

Parallelism  of  the  French  and  English  Chalk, — The  English  chalk,  taking  the 
chalk  of  the  Kentish  coast  from  Folkestone  to  St.  Margaret- on- Cliff  as  the  typo, 
would  be  thus  grouped  so  as  to  correspond  with  tho  divisions  established  by 
M.  Hubert  in  France. 

I.  Taking  the  Gault  as  the  base  of  the  chalk,  on  which  point  all  are  agreed,  the 


Ammonites  Vftrians,  Manti'lli,  and  rhotomayensis  which  are  there  found,  leave  no 
doubt;  and  it  is  recognized  that  in  Franco  the  fame  fauna  exists  in  the  Upper 
Greerisand  and  the  grey  chalk,  antt  that  these  two  rocks  alternate.  These  two 
divisions  would  form  one,  as  La  Craie  Ghmcomettse.  There  may  be  some  difficulty 
in  separating  the  grey  chalk  fiom  the  chalk  marl. 

II.  The  grey  chalk  is  covered  at  Folkestone  as  in  France  (generally)  by  a  very 
nodular  chalk  without  flints,  and  with  grey  argillaceous  veins,  containing  Inocc- 
ramus  labiatits  (Brongniart),  Ammonites  noaosoidti'S  (Schluter),  Echinoconm  siibro- 
tun  dm,  &c.     This  forms  the  second  dhisiou  of  the  chalk.     The  difference  of  the 
fauna  of  this  from  that  of  the  underlying  bed  is  almost  complete.     Sometimes,  as 
Mr.  Whitaker  has  observed,  and  has  kindly  furnished  M.  Ilebert  with  his  views, 
at  the  base  of  this  nodular  chalk  is  an  argillaceous  bed  with  Belcmnitcs,  which  is 
most  likely  tho  R.plcnm  of  Bluinville.     This  bed  is  found  in  Shakespeare's  Cliff, 
and  has  also  been  recognized  in    France  in   se\oral  places,  more;    especially  at 
Neufchatel  in  Bray  and  Boulogne.      It  forms  the  base  of  the  division  termed 
Craie  a  Inoceramui  laliatits.     The  junction  of  this  bed  of  argillaceous  chalk  with 
the  underlying  grey  chalk  will  be  found  to  be  marked  by  a  hardened  and  eroded 
surface,  which  is  pierced  by  holes. 

At  Do"\er  the  thickness  of  tho  chalk  without  flint,*,  with  Inoeennnus  laltiatun, 
may  be  considered  from  12-3  to  140  feet,  to  which  should  be  added  about  <SO  feet 
of  the  chalk  with  flints  lying  above  it  in  the  eastern  cliffs  of  Dover,  as  they  contain 
exactly  the  same  fauna.  This  division,  like  the  former,  is  always  terminated  by  one 
or  more  hardened  and  pierced  surfaces. 

III.  The  next  135  feet  in  thickness  consist  of  a  series  of  hard  nodular  beds, 
containing  beds  of  flint,  the  principal  fossils  of  which  are  Ilolastcr  })hinu$  (in  tho 
lower  part)  and  Holaster  placenta  (above)  ;  Ananchytcs  f/ibba  i.s  also  very  common, 
as  well  as  Micrastcr  cor-tcstudinarinm,  which  gives  the  name  to  this  division,    Tho 
lithological  character  is  also  well  marked.     Jt  is  seen  just  at  the  cliff  to  the  south 
of  St.  Margaret,  at  the  level  of  the  sea,  and  is  there  rich  in  fossils. 

IV.  Above  the  last-named  hard  chalk,  a  soft  chalk,  often  quite  of  a  mealy  aspect, 
forms  the  upper  part  of  the  northern  cliffs  of  Dover  and  the  whole  of  tho  cliff  north 
of  St.  Margaret.     This  should  be  referred  to  the  chalk  with  Micraster  cor-anymnnmt 
abundant  at  Gravesend,  but  badly  preserved  at  St.  Margaret. 

V.  A  division  characterized  by  the  presence  of  Uekmnitcs  mucronatiis,  does  not 
exist  in  Kent,  but  only  in  Norfolk. 

It  is  very  important  to  observe  that  each  of  the  principal  limits  assigned  to  these 
divisions  corresponds  in  France  with  the  places  of  thick  beds  which  are  wanting 
iu  England.  Thus  between  the  Craie  (jlaucotueuse  and  the  chalk  marl  with  lnocc~ 
ramm  labiatus,  the  great  series  of  the  sandstones  of  Maine  and  the  limestones  with 
Ichthyosarcolytes  is  interposed.  These  beds  are  abstnt  in  the  north  of  Franco 
and  Germany,  as  well  as  in  England  j  also  between  the  chalk  marl  with  Inoccramus 
labiatus  and  the  chalk  with  Alicrastcr  cor-tertudinariuni,  na  described  above,  the 
great  mass  of  tho  hippuritic  limestones  should  be  placed.  This  also  does  not  occur 
m  the  northern  countries.  These  remarks  prove  that  the  stratigraphical  limits 
which  have  been  described  indicate  great  breaks  in  the  sequence,  of  long  duration, 
when  no  remains  were  deposited  in  the  north  of  Europe, 
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OH  tJie  Cambrian  ami  Silurian  Hod's  of  Ramsey  Island,  St.  Davitfs. 
By  HENBY  HICKS,  FM.& 

In  a  Report  to  tho  British  Association  in  1^06  by  the  late  Mr.  Salter  and  the 
author,  llamsoy  Island  was  mentioned  as  a  part  of  the  district  which  had  been 
examined,  and  a  short  description  of  the  rocks  exposed  there  was  also  given.  ^  Since 
that  time  the  author  has  had  several  opportunities  of  further  examining  the  island, 
and  this  year  in  conjunction  with  Me^rs.  Iloiuiray,  Lightbody,  Kirshaw,  and 
Ilopkinson. 

.During  those  researches  all  parts  of  the  strata  have  been  very  carefully  exa- 
mined ;  and  tho  results  have  been  highly  sutisftictory.  The  best  section  occiirs  at 
the  north  end  of  the  island  ;  and  the  following  formations  occur  there  in  succession, 
beginning  on  the  east  side  : — 

1.  Linyula-flati*)  a  scries  nf  hard  siliceous  randstones,  with  prey  flaky  slate,  about 
COO  foot  in  thickness,  and  containing  Linyulelht  J)(trisii  in  great  abundance,  but  no 
other  fossils,  save  worm-tracks  and  burrows,  find  some  plant-like,  markings. 

2.  Trentadoc  f/roitp,  or,  rather,  a  thick  scries  of  beds  holding  in  the  succession 
relatively  the  same  position  as  the  Tremadoc  rocks  do  in  North  Wales.     Those 
beds  graduate  by  almost  insensible  degrees  from  the  Linjiula-ilago,  first  tig  blufch- 
grey  11  ag,  and  then  earthy  prey  thick-bedded  rock,  mid  a^uine  ut  the  upper  end  an 
appearance  approaching  to  that  of  the  overlying  beds  of  the  Aronig  group.     They 
havo  a  thickness  of  from  KX)  to  1000  feet;  and  foei-ils  are  veiy  abundant  throngh- 
out  the  whole  series.     The  species  are  nrsnh  all  new,  and  aKo  many  of  the  genera. 
A  list  of  the  fossils  includes  four  species  of  llrm-hiopods,  ten  species  of  Trilobito*, 
Orf/wwas  two  species,  C/rnorlonta  two  specie-*,  a   T/tmtj  Brlcrophan.  Kncrinite, 
and  a  Starfish,  the  latter  discovered  for  the  ihvt  time  this  year  by  Mr.  Li^htbody. 
In  this  fauna,  as  in  tho  Treumdoc  rocks  of  North  Wales,  some  of  tho  forms  are 
primordial  in  character,  others  of  a  Silurian  type  ;  and  there  are  several  which  had 
not  previously  been  known  to  exist  in  rocks  of  so  early  an  age.    With  the  ex- 
ception, of  the  rocks  in  tho  neighbourhoods  of  Portmadoc  and  Dolgclly,  we  do  not 
know  of  any  deposits  of  the  same  ngo  in  Jlritain;  and,  indeed,  until  the  discovery 
of  these  bedfs  at  llamsey  Island,  and  some  other  places  in  the  neighbourhood  of  St, 
David's,  they  were  not  supposed  to  extend  beyond  those  districts. 

3.  Arcniff  f/rottp. — Iron-stained  slates  and  ilags,  interlined  by  felspar  lines  and 
felspathic  ashes.  They  have  a  thickness  of  about  1000  feet,  and  lie  nearly  vertical. 
They  occur  in  succession  to  the  Tremadoo  jrroup.  and  in  true  conformnbility.  Tri- 
lobites  of  tho  genera  A*itphu&,  Ofjyyia,  JKtjtina^  Trimtdeux,Ampy.c,  Calynirne,  and 
At/nostuB  occur  in  them  along  with  Conularia,  lli'llvri-pliou ,  Tinea,  Orthoccras,  Lin- 
ffula,  and  OrtJri*,  and,  as  shown  by  Mr.  Ilopkinson,  also  no  less  than  twenty-two 
species  of  (Jraptolites  of  various  form*. 

In  this  section  at  IJamsoy  Island  the  sucees.sioii  from  the  Cambrian  rooks  to  tho 
Silurian  is,  the  author  believes,  better  shown  than  at  any  other  known  place  in  the 
British  Isles. 


On  tJtc  Qraptolilcs  of  tlie  Arcnig  Koch  of  8t.  David's. 
Bij  JOHN  Honuxsox,  F.G.8.,  FJt.M.ft. 

In  tho  lowest  beds  of  the  Silurian  rocks  at  St.  Pa-iid's  the  author  had  found  a 
considerable  number  of  Oraptolitos,  which,  IK*  thought,  proved  the  equivalency  of 
these  beds  with  tho  (Quebec  group  of  Canada,  the  JSkiddaw  slates  of  Cumberland; 
and  the  Arenij?  rocks  of  Shelve. 

The  Oraptolites,  of  which  more  than  twenty  species  have  been  determined,  were 
found  at  Kamsay  Island  and  Whitesand  ]tey,*  in  the  lower  part  of  a  series  of  black 
Bhales  about  1000  feet  in  thickness,  which,  from  their  position  and  from  the  evi- 
dence afforded  by  the  fossila  they  had  previously  yielded,  had  already  been  inferred 
to  bo  of  Arenig  age. 

Of  the  true  Graptolites  or  Rhabdophora  the  genera  DMytnof/rapsm,  Tetragrapsus, 
Loganograpms  (P),  and  Phyttograpsus  occur.  All  are  Quebec  and  Sliiddaw  forms, 
Didymograpsus  alone  passing  into  higher  rocks,  The  Graptolite  allies  are  repre- 
sented Iby  the  genera  jPtiloyrapsiM,  DcndrograptWf  Callograptus,  and 
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These  have  a  more  extensive  range,  Dlctyonema  lasting  from  the  Cambrian  to  the 
Devonian  period ;  but  until  now  they  were  only  known  to  occur  together  and  in 
any  abundance  in  the  Quebec  rocks  of  Canada.  They  have,  however,  recently 
been  discovered  by  the  author  in  the  Arenig  rocks  at  Shelve.  A  few  specimens, 
apparently  referable  to  the  genus  Retiolites,  have  also  been  found.  This  genus 
begins  in  "the  Quebec  group  (Arenig),  and  ranges  upwards  to  the  highest  beds  of 
the  Caradoc  or  Bala  rocks. 

Of  the  species  many  are  new  j  but  all  hitherto  described  are  entirely  restricted 
to  the  Arenig  group.     All  these  occur  in  tho  Canadian  rocks  j  but  only  two  (Didy- 


our  own  Arenig  faunas  in  Cumberland  and  Shropshire. 
The  species,  of  which  specimens  were  exhibited,  are  as  follows  : — 

Didymograpsus  extensus,  Hall.  Dendrograptus  arbuscula,  sp.  nov. 

patulus,  Hall  (falter }  MS.). 

• pennatulus,  Hall.  divergens,  HalL 

plumula,  sp.  nov.  • flexuosus,  Hall. 

sparsus,  sp.  nov.  • pumilus,  sp.  nov. 

Tetragrapsus  aerra,  Bronyn, striatus,  Hall. 

Loganograpsus(?)  implicatus,  sp.  Callograptus  (?)  diilusiiP,  Hall. 

nov.  elegant,  Hall. 

Phyllograpsus  stella,  sp.  nov.  radiatus,  sp.  nov. 

Retiolites  ensiformis  (?),  Hall.  radicans,  sp.  nov. 

Ptilograpsus  cristula,  sp.  nov.  Salteri,  Hall. 

Hicksii,  sp.  nov.  ])ictyonema  canccllata,  sp,  nov. 

A  specimen  of  Calloyraptus  radiatus,  with  an  entire  "  hydrocaulus/'  or  main  stem, 
and  a  "  hydrorhiza,"  the  organ  of  attachment,  was  specially  alluded  to  as  furnishing 
an  important  addition  to  our  knowledge  of  the  mode  of  "growth  of  the  dendroid 
Graptolites.  The  hydrorhiza  appeared  as  a  series  of  interlacing-  or  anastomosing 
fibres,  which  must  have  formed  a  kind  of  network  over  the  surface  to  which  it 
adhered.  Its  presence  in  this  specimen  was  considered  to  prove  it  to  be  an  essential 
organ  of  the  genus  CalfafjraptuSj  its  rarity  being  accounted  for  by  its  perishable 
nature,  and  the  probability  of  the  Gruptolite  being  almost  invariably  severed  from 
the  substance  to  which  it  was  attached  at  the  junction  of  tho  hydrocaulus  with  its 
hydrorhiza. 

The  other  dendroid  Graptolites  (Ftilof/rapsttSj  I)cn<lro</raptus}  and  Dictyoncmd) 
were  also  shown  to  have  been  most  probably  fixed  forms, 


On  the  Minerals  lately  found  in  the  Drainage-works  at  Brit/7iton, 
Bij  JAMKH  Ho  WELL. 

The  author  exhibited  curious  and  beautiful  specimens  of  mineral  *  found  in  the 
north-west  portion  of  Brighton,  the  Montpellier  district,  during  the  excavations 
for  the  main  sewer.  These  excavations  were  carried  through  beds  overlying  the 
chalk,  down  into  the  chalk  itself,  to  a  depth  of  from  i^2  to  .'JO  feet.  The  surface- 
beds  consisted  of  vegetable  mould,  loam,  and  brickearth,  the  latter  reaching  in 
many  places  to  the  depth  of  17  feet.  Imbedded  in  this  deposit  were  mosses  and 
veins  of  Webster!  te,  mingled  with  brecciatod  masses  of  ironstone,  Hints,  gypsum, 
and  indurated  clay,  frosted  over  and  permeated  with  crystals  of  selenite,  varying 
in  form  and  colour,  and  presenting  a  beautiful  appearance.  There  were  also  tabular 
flints,  probably  a  silicate  of  iron  about  f  of  an  inch  in  thickness,  coated  with  a 
carbonate  of  lime,  with  nodular  flints  shivered  in  every  direction,  and  re-cemented 
by  the  Webster!  te.  Some  of  the  breccia,  lying  at  the  depth  of  17  feet,  so  much 
resembled  lt  slag "  as  to  deceive  the  eyes  of  good  mineralogists.  Most  of  it 
had  undergone  intense  chemical  action,  as  if  the  gases  had  bubbled  up  and 
escaped,  leaving  orifices  upon  the  surface,  or  presenting  a  botryoidal  aspect.  Some 
of  the  ironstone  presented  a  honeycomb  appearance,  being  of  a  black  or  dark 
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purplish  colour,  spang-led  with  pretty  star-like  crystals  of  selenite.  Other  speci- 
mens exhibited  contained  a  high  percentage  of  that  useful  metal,  as  much  as  from 
55  to  60  per  cent.  Limonite,  too,  was  abundant.  Beneath  the  ironstone,  in  a 
deposit  Resembling-  yellow  ochre,  probably  an  oxide  of  iron,  lay  a  curious  formation 
containing  much  iron,  gypsum,  and  indurated  clay,  with  seams  of  selenite  of  a  dark 
green  and  purple  colour.  AVhen  broken,  this  stone  was  found  to  be  beautifully 
variegated,  and  was  susceptible  of  a  high  polish.  The  selenite  was  so  compact 
in  the  heart  of  this  formation  as  to  make  the  eye  take  it  for  quartz ;  and  one 
gentleman  could  not  be  convinced  to  the  contrary  till  ho  scraped  it  with  his  pen- 
knife. Flints  and  iron  and  indurated  clay  were  everywhere  frosted  over  and 
intercalated  with  every  form  and  variety  that  the  crystals  of  selenite  could  assume, 
forming  magnificent  .specimens  of  nature's  workmanship  for  either  the  museum  or 
the  drawing-room. 

The  author  next  gave  a  detailed  description  of  the  discovery,  history,  and 
composition  of  Websterite,  displaying  some  line  specimens,  and  stating  that  there 
were  still  finer  ones  in  the  British  and  Brighton  Museums.  About  3  feet  from 
the  surface  of  the  road  in  Powis  Villas,  the  workmen  discovered  what  had  every 
appearance  of  the  petrified  trunk  of  a  tree,  the  bark  being  changed  into  lignite,  and 
the  woody  structure  into  a  white  iibrous  substance,  with  medullary  rays  verging 
from  the  centre.  Two  fine  specimens  of  this,  in  the  Brighton  Museum,  were  first 
marked  as  "  fossilized  trees/'  Upon  anulyzation,  however,  by  Dr.  Flight  of  the 
British  Museum,  the  fibrous  substance  proved  to  be  Websterite*  and  the  ligneous- 
like  coating  manganese  with  a  small  proportion  of  cobalt.  Testing  it  with  hydro- 
chloric acid  also  reveals  the  presence  of  a  carbonate,  whether  of  lime,  alumina,  or 
some  other  substance  the  author  does  not  know.  The  Websterite  lying  in  the 
clay  or  brickearth  was  in  a  very  friable  state,  of  a  milk-white  colour,  and  which 
might  be  mistaken  by  the  eye  for  magnesia.  Other  specimens  were  more  compact 
and  of  a  straw-colour ;  and  in  the  core  of  one  of  these  specimens  lay  imbedded 
what  appeared  to  be  very  like  a  small,  smooth,  dark-coloured  flint ;  but  flint  it 
was  not,  but  the  same  substance  probably  coloured  either  by  manganese  or  iron. 
Another  pretty  specimen  in  the  mineralogical  department  of  the  Brighton  Museum 
has  a  beautiful  straw-coloured  coating  of  what  analyzation  might  prove  to  be 
allophane. 

Mr.  Ilowell  then  entered  into  the  origin  of  the  specimens  exhibited,  stating  that 
observations  had  convinced  him  that  it  was  chemical  agency,  and  that  such  was 
as  active  now  in  the  beds  above  the  chalk  in  the  Montpellier  district  at  Brighton 
and  elsewhere  ai  e\er  it  had  been  dining-  the  deposition  of  the  Eocene  strata,  to 
which  these  beds  fteolo»icallv  belonged. 


On  Siipsr-CretuceoH'*  Formations  In  the  Ncnjlilonrltood  of  Hru 
J]i/  JAMES  Ho  WELL. 

This  paper  was  the  result  of  observations  made  by  Mr.  Ilowell  during  the  pro- 
gress of  tho  excavations  for  the  purpose  of  draining  the  town  of  Brighton  in  the 
years  1870  and  1871.  According  to  Mr.  Ilowell,  the  town  of  Brighton  stands  upon 
six  distinct  formations  : — 

1.  Chalk  with  Hints,  upon  the  crests  of  the  hills  and  their  abrupt  descents. 

2.  Lower  Eocene,  constituting  Furze  Hill. 

3.  Temple  Field  deposit,  formed  of  the  ruins  of  the  Eooeno  and  Chalk  strata.   In 
the  Montpollier  district,  sloping  down  the  western  hill  towards  Furze  Hill  and 
Hove  Level. 

4.  Postpliocene,  Brighton  cliff  formation,  Coombe  rock  or  Elephant-bed,  chiefly 
East  Brighton,  especially  the  dills  at  Black  Rock,  also  the  base  of  the  silt  in  the 
Brighton  valley. 

5.  Postpliocene  brickearth,  resting  on  Coombe  rock  or  sand.    Hove  and  Western 
Brighton. 

0.  Recent.     Silt  of  the  Brighton  valley. 

Leaving  the  Cretaceous  strata,  so  ably  explored  nnd  so  graphically  described  by 
Dr.  Mantell,  the  author  drew  attention  to  luirze  Hill  as  one  of  tho  remnants  left 
1872.  9 
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by  denudation  of  the  plastic  clay  in  Sussex,  first  determined  by  Sir  Roderick  Hut- 
chison in  1850,  but  more  thoroughly  investigated  by  Mr.  Montague  Phillips  in 
1851,  who  found  it  to  consist  of  layers  of  marl  and  clay,  the  upper  part  composed 
of  comminuted  marine  shells,  the  clays  being  of  various  colours,  a  bed  of  lignite, 
4  feet  thick,  containing  much  sulphur,  analogous  to  that  found  in  the  Paris  and 
Hampshire  tertiary  basius.  Faint  impressions  of  dicotyledonous  trees  were  also 
detected  upon  the  clay.  Mr.  Phillips  also  discovered  a  cluster  of  fossil  fruits  of  an 
unknown  species,  intermediate  between  the  Brazilnut  and  Walnut,  with  crystals  of 
selenite  among  the  clays,  and  a  thin  vein  of  subsulphate  of  alumina  in  an  outcrop 
of  what  ho  considered  the  same  formation  at  Prestonville.  Patches  of  the  lower 
Tertian  es  are  to  be  seen  here  and  there  over  the  whole  area  of  the  South  Downs, 
whilst  scattered  over  their  surface  are  water-rolled  specimens  of  the  breccia  form- 
ing the  base  of  the  tertiary  deposits  at  Seaford  and  Newhaven,  together  with 
"  grey  weathers "  or  druid  Fandstones ;  while  within  200  or  o(JO  yards  of  the 
Eocene  strata  at  Furze  Hill,  the  excavations  for  draining  the  town  of  Brighton 
revealed  the  ruins  of  the  plastic  clay  onco  lying  in  situ  in  that  locality,  consisting 
of  clays  and  sand,  breccia  of  angular  Hints  impregnated  with  iron,  ironstone,  gyp- 
sum, subsulphate  and  hydrate  of  alumina,  loamy  deposits,  crystals  of  selenite,  and 
ferruginous  chalk-rubble.  The.  upper  portion  of  this  heterogeneous  mass  consists 
of  a  chocolate  or  yellowish  loam,  and  in  many  places,  where  tne  chalk  immediately 
underlies  it,  of  ironstone  or  breccia  impregnated  with  iron,  in  which  case  the  sub- 
cretaceous  strata  arc  in  every  stage  of  decomposition.  The  loam  contains  chalk- 
like  granules,  which,  on  being  exposed  to  atmospheric  fiction,  crumble  into  a  iine 
ochraceous  powder.  This  is  probably  effected  by  the  percolation  of  water  highly 
charged  with  acids  derived  from  the  soil,  iron,  or  decomposing  iron-pyrites,  which, 
like  a  disease,  eats  deep  down  into  the  core  of  the  chalk,  and  eventually  converts  it 
into  the  ochraceous  tree-bearing  loam,  such  as  forms  the  soil  of  the  Montpellier 
district  and  of  the  copse  by  the  roadside  to  the  dyke.  The  clays  or  brickearth,  if 
it  be  such,  the  author  believes  to  bo  of  a  date  anterior  to  that  lying  in  tho  IIovo 
Levels.  Tho  breccia,  in  immense  masses,  lies  mingled  with  the  clays  and  chalk- 
rubble  as  if  it  had  been  torn  from  its  bed  by  some  mighty  force.  Hundreds  of  tons 
were  extracted  from  an  excavation  2  feet  (>  inches  in  width  at  the  bottom  of  Clif- 
ton Hill  at  its  junction  with  Montpellier  lioad  up  to  St.  Michael's  Place,  whero 
it  lay  piled  up  like  a  wall  to  the  height  of  T>  feet.  This  interesting  section  was 
showed  upon  tho  plan  which  tho  engineer  of  the  works,  Mr.  Good,  kindly  prepared 
for  the  author.  Much  of  this  conglomerate  has  undergone  intense  chemical  action, 
some  specimens  being  scarcely  recognizable  from  u  slug."  Many  of  its  cores  are 
ornamented  with  calcites,  crystals  of  selenite,  and  gaseous  botryoidnl  bubbles  coated 
with  a  delicate  bloom  of  violet,  yellow,  and  green.  The  sub-sulphate  and  hydrate 
of  alumina  lie  in  veins  and  masses  imbedded  in  the  clays,  from  a  milk-white 
powdery  substance  up  to  the  consistence  of  gypsum.  One  specimen  assumed  tho 
form  of  a  trunk  of  a  tree;  its  lignite-like  coating,  on  being  analyzed  by  Dr,  Flight, 
of  the  British  Museum,  was,  however,  found  to  consist  of  manganese,  together  with 
a  small  proportion  of  cobalt,  Far  from  being  a  scarce  mineral,  the  author  de- 
scribed it  as  being  plentifully  spread  over  the  chalk-districts  wherever  ironstone  or 
iron-pyrites  was  superimposed  upon  clay,  Specimens  of  the  tree-like  variety  tho 
author  had  extracted  from  chalk  in  which  it  was  completely  isolated,  the  chalk 
matrix  showing  no  sitrns  of  decomposition.  He  had  found  portions  of  clay,  too, 
similarly  isolated  in  chalk-strata  with  no  appearance  of  rents  or  fissures ;  and  the 
questions  were,  How  got  the  clay  there  ?  and  how  was  the  subsulphate  o£  alumina 
formed  ? 

Mr.^Howell,  in  describing  the  Cooinbe  rock  or  Elephant-bed,  drew  attention  to 
the  cliffs  at  Black  Rock,  consisting  of  this  peculiar  deposit  superimposed  upon  an 
old  sea-beach  iyinp;  from  12  to  15  feet  in  the  cliiF  above  the  present  one,  finer 
sections  for  inspection  being  nowhere  visible.  Sir  lioderick  Murchison  and  Mr, 
God  win- Austen  state  that  brickearth  is  the  equivalent  of  Coombe  rock,  both  beinff 
of  the  same  age ;  but  the  observations  of  the  author  during  the  excavations  through 
the  town  of  Brighton  prove  Coombe  rock  to  be  the  older  deposit — brickearth,  when 
present,  everywhere  overlving  it,  in  the  same  manner  as  Coombe  rock  overlies  the 
Chalk,  The  equivalent  of  Coombe  rock;  therefore,  was  not  brickearth,  but  chalk* 
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rubble,  which  was  the  same  formation  with  a  less  admixture  of  clays.  Bones  and 
teeth  of  the  Mammoth,  the  Horse,  Ox,  Deer,  and  Wlialo,  &c.  were  found  imbedded 
in  the  two  deposits,  which  showed  that  they  were  not  far  removed  from  each  other 
in  geological  sequence.  In  speaking  of  the  old  sea-beach,  the  author  doubted  its 
existence,  as  stated  by  Mantell,  GO  feet  beneath  the  surface  of  the  Western  Road, 
which  consists  almost  entirely  of  chalk  from  its  commencement  to  Western 
Cottages,  where  the  Coombo  rock  makes  its  appearance,  followed  by  brickearth, 
which  there  overlies  it.  Mr.  Ilowell  inclines  to  the  opinion  that  the  clays  of  the 
Coombc  rock  and  brickearth^,  a*  well  as  the  lignite,  breccia,  and  fandstones  of  the 
former  deposit,  were  derived  by  denudation  from  the  tertiary  strata  of  the  South 
])owns,  in  the  same  manner  as  those  turtiaries  might  have  been  derived  from  the 
denudation  of  the  Wealden. 

Coming  down  to  the  recent  periods,  tlio  author  described  the  Brighton  valley  a<* 
consisting  of  silt  and  Hints  renting  upon  Coombo  rock,  in  which  were  imbedded  "im- 
mense quantities  of  watcr-rullod  sandstones,  similar  to  the  "  grey  weather?,"  the  whole 
deposit  pointing  to  a  time  when  the  valley  win  an  estuary  of  the  sea  as  high  up  as 
the  London  and  Lewes  Koad^,  then  the,  bed*  of  rivers,  one  possibly  issuing  from 
the  Weald,  the  other  probably  from  the  hijih  hills  round  about  the  village  of 
Falmer.  Pebbles,  exactly  tin;  "same  as  tho^e  hlnjr  on  the  Brighton  beach,  were 
dug  up  at  a  depth  of  J I  feel  in  the  valley,  above  the  new  church,  lying  in  Coombo 
rock,  which  had  every  appearance  of  lining  been  the  bed  of  a  stream.  Few  or  no 
specimens  of  pahuozoic  pebbles  \veiv  met  with  Minilar  to  thuto  in  the  old  sea- 
beach,  the  author  inclining  to  the  views  uf  Mr.  (indwiii-AuMen,  of  a  coast-line 
extending  from  Colvados  aero-s  the.  Channel  to  Sus-ox  in  1'o^tpliocenc  times,  dry 
land  being  to  the  oast  of  thi^  coast-line,  who-e  beach  wit*  the,  same  as  that  now 
found  in  the,  Hrighton  dills,  along  \\hich  the  paheoznic  pebbl»  :>  found  in  the  old  sea- 
beach  travelled  from  1  Vance,  pning  illu>trations  of  pebble-travelling  that  camo 
under  his  own  observation  in  the  Lie  of  NN  iuht. 


On  tJtc  Trachyte  Porplnji-HH  of  Antiltn  ttn<?  J)<>irn,  hi  llic  Xortli  of  Ireland. 
Jjy  Professor  Eiuv.\r,D  HTLL,  M.A.,  Jf'T.7i'.#.,  F.fJ.tf.,  !)h\c1vroftlie  Geological 
fturrcy  of  lrJ<ni<L 

Trachyte  is  one  of  the  rarest  of  the  TtiilL-h  rocks,  and  it  is  a<  yet  uncertain  whether 
it  is  to  be  found  amongst  these  islands  except  in  the  north  of  Ireland.  In  this 
district  it  was  identified  by  the  late  Professor  Jukes  ur.d  Mr.  Ihi  Noyer  during  the 
progress  of  the  Geological  Sunoy  in  the  }earl*<>7.  L'nder  the  uuine  of  "clay- 
porphvrv  "  of  Sandy-hrao,  it  is  deA-nbrd  by  lh\  l>t^er  in  his  paper  "On  the  Geo- 
logical features  of  the  North-east  of  Ii eland"*;  and  the  author  gives  a  short 
account  of  its  characters  and  relations  to  the  suriouuding  formations  as  it  occurs 
both  in  Antrim  and  Downt. 

Trachyte  Porphyry  of  Antrim. — The  principal  moss  forms  a  proup  of  eminences 
about  four  miles  to  the  north  of  the  town  of  Antrim,  called  Tardree  Mountain, 
Carneorny  Hill  (104.'*  ft.),  Brown  Dod  Hill,  and  »Scoll>oa  Hill.  The  tops  of  three  of 
these  hills  are  formed  of  basalt  in  beds  capping  the  trnchytic  rocks ;  and  it  is  sup- 
posed that  basaltic  sheets  enclose  t ho  whole  of  the  tracln  tic  district,  though  the 
survey  of  the  district  beinp;  incomplete,  the  actuul  limits  ha\c  not  been  determined 
hi  every  direction. 

The  mineral  constitution  of  the  trachyte  is  generally  uniform,  although  the 
relative  proportions  of  the  individual  minerals  occat-ioiially  vary.  In  general  the 
rock  consists  of  a  nearly  white  or  p-ey  lolt-pathic  base,  with  individual  crystals  of 
samdine  and  a  triclinic  felspar,  blebs  or  prams  of  smoke-quartz,  nnd  rarely  ia  little 
mica.  In  some  places  the  Drains  of  silica  are  excredinjilv  abundant,  giving  the 
lock  the  nppcarnnce  of  ihyolito  or  perlite,  as  described  by  L.^on  Cotta.  Minute 
crystalline  giains  of  inognetite  appear  in  a  sliced  section.  It  is  in  this  slate  that 

*  Oool.  Trans.  Id  per.  vol.  in.  p.  189.    Pee  nlpo  Note  to  Hall's  '  Ireland,'  vol.  iii, 
f  The  trachyte  porphyry  of  co.  Down,  near  ITillsborough,  is  described  in  the  Descriptive 
Memoir  of  the" Geological  Survey  to  accompany  Sheet  3d 
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part  of  the  iron  stated  in  tho  analysis  below  probably  occurs,  though  a  portion  is 
distinctly  oxidized. 

The  rock  is  quarried  as  a  building  stone  at  Tardroe  Mountain,  where  it  sometimes 
assumes  a  columnar  structure.  A  specimen  from  one  of  tho  quarries  was  subjected 
to  an  elaborate  analysis  by  Mr.  E.  T.  Hardman,  of  the  Geological  Survey  of  Ireland, 
who  gives  the  following  as  the  constituents* : — 

Analysis  of  Trachyte  Porphyry — Tarthve  Quarry, 

per  cent. 

Silica 70  MO 

Alumina    5-101 

Peroxide  of  Iron 2-344 

Lime 7-OU4 

Magnesia  O295 

Potash   4-2l>2 

Soda 1-818 

Loss  by  ignition  2-102 

Phosphoric  Acid trace 

9^K)43 
Specific  gravity 2*433 

Relations  of  the  Trachytic  ami  Basaltic  Rock*. — Thiring  a  recent  visit  the  author 
ascertained  with  the  greatest  certainty  the  relative  position  of  the  trachytic  to  tho 
basaltic  rocks  of  the  district.  In  the  first  place,  there  does  not  appear  to  be  any 
passage  of  the  two  classes  of  volcanic  rock  into  each  other  ;  and  e«ieh  having  been 
erupted  and  spread  out  in  sheets,  exhibits  a  laminated  or  bedded  structure,  which 
enables  the  observer  to  determine  their  relative  positions  without  much  difficulty. 
Both  at  Onrnearny  and  Tardree  Hills  the  trachyte  porphyry  may  be  observed  to  dip 
beneath  the  basaltic  rocks  of  the  surrounding  country;  and  the  observations  made 
hero  and  elsewhere  tended  to  show  that  of  the  two  kinds  of  rock  the  trachytes  are 
the  older. 

On  the  other  hand,  botli  at  Oarnearny  Hill  and  Scolboa,  tho  trachyte  seems  to 
have  been  penetrated  by  " necks7'  of  later  date  filled  with  basalt,  through  which 
some  portions  of  the  overlying  basaltic  sheets  may  have  been  erupted.  We  are  not, 
however,  as  yet  in  a  position  to  say  whether  or  not  tho  trachyte  is  tho  oldest  and 
lowest  of  all  the  tertiary  volcanic  rocks  of  county  Antrim,  as  its  base  is  nowhere 
exposed  t» 

The  events  which  have  taken  place  in  the  volcanic  history  of  this  locality  appear 
to  have  been  as  follows : — 

/  At  some  early  stage  of  the  Miocene  period  large  masses  of  trachytic  rocks  were 
poured  forth  from  one  or  more  vents,  doubtless  accompanied  by  craters  as  in 
Auvergne.  After  probably  a  long  interval  of  repose,  new  eruptions  of  basalt  and 
dolerite  took  place  through  fissures  and  small  volcanic  vents  breaking  through  the 
trachyte.  These  later  eruptions  of  basalt  may  have  enveloped  the  whole  of  the 
trachytic  masses,  which  have  been  subsequently  laid  bare  by  denudation.  The  denu- 
dation of  this  region  has  been  very  great  during  Postpliocene  and  later  times ;  and  to 
it  ia  due  the  obliteration  of  the  actual  craters  of  eruption  over  the  whole  volcanic 
region  of  Antrim. 

Trachyte  Porphyry  of  co.  Down. — This  rock  is  very  similar  in  appearance  and 
constitution  to  that  of  Antrim,  consisting  of  a  greyish  felsitic  base  with  crystals  of 
sanidine  and  blebs  of  quartz.  It  is  only  visible  at  1  tollyknock,  about  four  miles  west 
of  Hillsborough,  surrounded  on  all  sides  by  Lower  Silurian  rocks,  but  riot  verv  far 
distant  from  the  margin  of  the  basaltic  plateau  of  Antrim.  There  can  be  little 

*  Journ.  Roy.  Gcol.  Soc.  Ireland,  vol.  iii.  part  1,  p.  27  (new  scr.). 

t  Mr.  Hardmun  considers  that  the  amount  of  Ihnc  shown  by  the  analysis  proves  that 
the  trachyte  has  undergone  some  amount  of  metamorphosis  or  alteration,  und  considers  it 
probable  that  it  is  consequently  older  than  the  basalt  of  Antrim,  a  view  which  subsequent 
examination  in  the  field  has  enabled  me  to  verify.  Dr.  Bryce  thinks  the  trachyte  occupies 
tho  position  of  tho  great  ochre-beds. 
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doubt  that  it  is  of  the  same  ago  as  the  trachyte  porphyry  of  Antrim,  Loth  being 
referable,  in  nil  probability,  to  the  great  volcanic  outbuists  of  the  Miocene  period. 

Considerable  uncertainty  exists  regarding  the  relations  of  the  Downshire  trachyte 
to  the  volcanic  rocks  of  the  adjoining  country.  It  only  appears  in  two  or  three  ppols 
within  a  small  area  ;  but  the  probabilities  are  that  it  is  a  portion  of  an  old  neck  from 
which  trachytic  lava  was  erupted  contemporaneously  with  that  of  Antrim.  Tho 
higher  portion  of  tho  mass,  as  well  as  the  original  vent,  have  been  removed  by 
denudation,  and  the  district  1ms  since  been  deeply  buried  beneath  13oulder-clay*. 


On  the  liaised  Beach  of  the  XortJi-caxt  of  Ireland.    By  Professor  EDWARD  HULL, 
F.H.8.,  7'V/.&,  Director  of  the  Gcjtof/ical  tiurvctf  of  Inland. 

All  along  tho  ea>tern  coast  uf  Ireland,  from  Dublin  Bay  northward,  there  are  to 
be  found  at  inten  als  distinct  evidences  that  the  coast  has  been  raised  in  recent  times. 
These  evidences  are  divisible  into  two  kinds:  —  First,  the  occurrence  of  a  narrow 
fringe  of  varying  eleMilion,  form'ng  fi  terrace  extending  for  MUIUI  d  Stance  inland 
from  the  coast,  and  composed  of  stratified  sand  and  gra\»jl  containing  marine  shells 
belonging  to  species  now  inhabiting  the  Irish  Sea;  and,  secondly,  the  existence  of 
old  sea-worn  dill's  forming  the  inland  margin  nf  these  teriaces,  which  are  now 
beyond  the  reach  of  the  highest  tides.  In  the,  north  of  Ireland  these  ditto  are 
penetrated  by  caves  which  June  yielded  bonos  of  animals,  some  of  which  are  extinct 
in  that  part  of  the  country,  while  the  gravel*  of  tho  old  beach  contain  amongst  the 
sea-shells  worked  Hints  in  considerable  quantity  in  county  Antrim,  which  prove 
the  elevation  of  the  coast  to  have  taken  place  since  the  human  period. 

The  occurrence  of  the  caves  near  tho  (Uant's  Causeway  and  the  island  of  Rathlin 
was  long  ago  noticed  by  Dr.  Bryee  and  Mr.  Andrew&ti  while  the  existence  of  Hint- 
implements  of  human  workmanship  in  the  eoa>t  gravel  of  Larne  and  Belfast  Lough 
was  first  brought  into  notice  by  the  late  Mr,  (T.  V.  l)u  Noyer  j  ;  but,  as  far  as  the 
author  had  a>certained,  no  one  has  treated  those  littoral  phenomena  as  a  whole,  or 
shown  that  they  belong  to  one  period  of  geneial  i>le\ution  along  the  whole  coast- 
line, and  that  they  are  repre>ented  by  similar  phenomena  on  the  coa*t  of  Scotland 
and  the  north  of  Knglaml. 

Localities.  —  Commencing  from  the  southward,  the  raised  bench  may  be  observed 
in  several  places  around  Dublin  Bay,  as  aloiu  tho  coast  of  Ireland's  J\ve,  forming 
a  well-marked  terrace;  below  Lowther  Lodge,  near  Balhriggan,  and  in  several 
places  south  of  the  mouth  of  the  Boyne,  the  elevation  of  the  terrace  varies  from  G  to 
b  feet  above  high  -water  mark. 

Along  the  Downshire  coast  the  gravelly  terrace  may  frequently  be  observed,  as 
at  doughy  in  the  Ards,  and  along  the  coast  at  Killough  and  Ardgloss  to  the  south- 
ern shores"  of  Belfast  Longh.  Along  this  portion  of  the  coast  the  maximum  eleva- 
tion is  about  12  feet,  a^  determined  by  Mr.  T  rail!  and  the  author  §.  On  the  north  side 
of  the  Lough,  and  around  the  shores  of  Lame  and  Island  Magee,  the  gravel-beach 
with  shells  may  be  observed  at  Khanbuoy,  near  Camckfer»tis,  where  its  elevation 
is  1-  feet  —  at  l\ilroot,  at  Larne  Harbour,  «nd  the  eastern  shore  of  Island  Magee, 
with  shells  and  worked  Hints  —  and  at  numerous  points  along  tho  Antrim  coast,  such 
as  the  entrance  to  GlenariHj  I*od  Bay,  Jiallycnntle  Bay,  and  Kathlin  Island,  where 
we  have  examples  of  old  caves,  sea-stacks,  and  shell-gnn  els  reaching  to  an  elevation 
of  20  feet  above  high-water  mark. 

It  is  in  consequence  of  this  gradually  increasing  elevation  that  the  evidence  of 
the  rising  of  the  coast  becomes  more  striking  northward;  and  from  the  above  data 
it  will  bo  seen  that  the  maximum  elevation  ranges  from  about  15  foot  in  Dublin  Bay 
to  20  feet  at  the  extreme  north-eastern  point  of  the  Irish  coast  ;  so  that  by  nil  easy 
transition  tho  elevation  falls  in  with  that  of  the  "L^-feet  beach,"  first  described  ly 
Mr.  Smith,  of  Jordan  Hill,  Mr.  Maclarin,  and  more  recent  1}  by  Professor  Geilde||. 

*  Messrs.  E.  Uull  nml.T.  L.  Wurron,  "Explanatory  Memoir  to  Shoot  36  of  the  Geological 
Survey  of  1  relaml  (\  S7  1  ).  . 

t  Jirit  .  Aseoc.  Bop.  1834,  pp.  (»r>8  &  000.       J  Jovrn.  CUol.  Soc.  London,  A  oln.  xxiv.  &  xxv. 
§  Explanatory  Memoir  of  the  Geological  Survey  of  Ireland,  Sheets  40  &  EO,  p.  GO. 
||  Scenery  and  Geology  of  Scotland. 
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Similar  phenomena  are  observable  along  the  western  shores  of  the  British  coast* 
Along  the  shores,  bays,  and  headlands  of  Argyleshiro  and  Ayrshire  we  find  the 
fringe  of  shelly  gravel,  the  old  coast  dii\\  with  caves  and  sea-stacks  now  high  and 
dry,  at  an  elevation  nearly  corresponding  with  that  of  the  •  caves,  shelly  sands,  &c. 
of  the  Antrim  coast,  Southward,  towards  the  shores  of  the  Solway  Firth,  the 
elevation  decreases,  and  this  decrease  continues  till  the  evidences  of  a  raised  beach 
almost  disappear  towards  the  estuary  of  the  Mersey, 

The  identity,  therefore,  of  the  phenomena  on  both  shores  is  evident,  and  is  a 
matter  of  some  interest  in  the  physical  geology  of  these  islands. 

Elevation  of  the  Coast  since  the  human  period.  —  Another  feature  of  identity  of  the 
beaches  on  both  sides  of  the  channel  is  the  occurrence  of  works  of  human  art  im- 
bedded in  undisturbed  strata  along  with  marine  shells.  Mr.  Goikie  mentions  that 
thirty  canoes  have  been  dug  out  of  the  2o-fool  terrace  along  the  estuary  of  the 
Clyde.  Along  the  Irish  coast  the  abundance  of  worked  Hints  testify,  as  Mr.  Du 
Noyer  has  shown,  to  the  presence  of  man  along  these  shores  when  they  were  to  a 
greater  degree  than  at  present  under  water.  These  Hints  have  also  been  observed 
in  the  gravels  of  the  coast  of  Downshire,  as  well  as  in  spots  in  the  interior,  and  at  a 
considerable  elevation  above  the  sea,  imbedded  in  the  soil. 

Shells  of  the  liaised  Beach.  —  The  shells  which  occur  in  this  gravel  are  generally 
blanched  and  fragmentary,  but  are  all  of  species  at  present  existing  in  the  adjoin- 
ing sea.  The  following  are  tho  names  of  some  ut  three;  diil'erent  localities,  in 
the  identification  of  which  tin;  author  has  been  assisted  by  Mr.  "NV,  II. 


JJalbrigiian.  i  Kilroot.  j     Lame. 

.         .        ,  .  ,  j  i 

Anomia  epliippium • —  i  ^  j            * 

Cardium  edule !  #  |  «.  i            * 

echinatimi     I  #  j  • —  '\          — 

Dentalium  entale i  # 

Mya  arenaria I  % 

Pecten  maxiinus |  ^ 

Euccinum  undatuni |  —  i  #                       # 

Cerithium  reticulatum j  —  j  .%                      % 

Nassa  reticulata    • —  j  #                       ^ 

Patella  vulgata, (  ^  #  i           ^ 

Litorina  litorea .*.  |  ^  i           ^ 

litoralis —  I  ^  ;           ^ 

Fusus  antif{uus |  -  -  |  —  |           ^. 

Purpurea  lapillua i  #  j  —  i           — 

Kisaoa  membranacea    i  --  i  —  j           ft 

Trochus  umbilicatus |  .*  i  .,,.  j           ^ 

Turritellu  communis  !J !  ^  j  —  ! 

Turbo  cinereus ,  .*  ;  —  !          — 


Along  the  shores  of  Belfast  Lough  tho  raised  gravel-beach  rests  on  a  blue  clay 
of  estuarine  origin,  containing  a  large  number  of  genera  and  species  of  shells,  of 
which  Mr.  J.  Grainger  has  named  eighty  species*,  to  which  Mr.  S.  A.  Stewart 
has  added  others f.  Some  of  the^o  species  have  disappeared  fr<nn  the  Lough, 
and  others  are  exceedingly  rare.  When  this  estuarine  mud  was  deposited  the 
waters  must  have  extended  considerably  beyond  their  limits,  even  at  the  time  of 
the  formation  of  tho  "20-feet"  gravel-beach.  Tho  author  suggested  that  this 
estuarine  «mud  may  represent  the  earlier  period  of  submergetice — marked  in  the 
west  of  Scotland  by  tho  "  40-feet "  water-line,  of  which  traces  have  been  noticed 
by  Scottish  geologists  J. 

*  Trans.  Brit,  Assoe.  18,52,  p.  43. 

t  List  of  Fossils  of  the  Estuarine  Clays  of  Down  and  Antrim,  1871. 

|  Archibald  Oeikie,  '  Scenery  and  Geology  of  Scotland.' 
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A  few  Remarks  on  Submarine  Explorations,  with  reference  to  M,  Delesse'sworlc 
entitled  «  Litholoyie  d it  fond  des  Men."    By  J.  GwrN  JBFFIIEYS,  F.R.S. 

The  lithology  of  the  sea-bottom  is  not  only  a  vast  subject  in  its  various  relations  to 
natural  history  and  physical  science,  but  is  especially  interesting  in  a  geological 
point  of  view,  because  every  part  of  our  globe  has  been  at  one  time  or  another  covered 
by  the  sea.  Mr.  Jeffreys  contended  that  it  is  almost  impossible  to  ascertain,  with  any 
degree  of  certainty,  what  stratified  formations  are  marine  unless  we  iind  in  them 
such  remains  of  marine  animals  as  were  capable  of  being  preserved.  Exceptions 
doubtless  ocew>  f.  //.  whe,re  the  stratum  had  boon  subject  to  tho  action  of  carbonic 
acid, produced  by  tlie  subsequent  passage  ofr.iin  or  fresh  water;  in  which  case  ail 
calcareous  organisms  might  have  been  dissolved  before  they  became  silicified  or 
petrified.  ^Ilo  then  gave  a  short  account  of  submarine  explorations  from  the  time 
when  O.  F.  MuJler  iirst  used  u  dredge  for  scientific  purposes  (about  1772)  to  the 
present  day;  and  he  summarized  tho  results  of  the  expeditions  conducted  by  his 
colleagues  and  him-self  on  board  II.M.S.  'Porcupine,  under  the  auspices  of  tho 
lioyal  Society  in  18U)  and  [870.  Hut  next  to  nothing  is  known  of  the  enormous 
tracts  of  sou-bed  which  underlie  the  depths  of  the  ocean  in  both  hemispheres.  He 
attributed  tho  diffusion  and  geographical  distribution  of  the  marine  invertebrate 
fauna  to  the  action  of  currents,  and  not  to  voluntary  migration. 

M.  Delosso's  work  was  recently  published  at  Paris,  and  consihts  of  two  octa\o 
volumes,  besides  an  atl:is  of  charts  and  maps.     Tho  precise  date  of  publication  does  " 
not  appear  ;  tin;  dedication  is  dated  1st  December,  1871.     It  forms  part  of  a  series 
called  'Publications  seiontiiiques  indiLstriellos,'  and  purports  to  have  been  edited 
witlMhe  sanction  of  the  Minister  of  Marine  and  Minister  of  Public  "Works, 

While  giving  M.  Delesse  lull  credit  for  the  laborious  and  conscientious  manner  in 
which  he  has  e\  idontly  poi  formed  his  great  ta^k,  Mr.  JellVe}  s  regretted  that  he  had 
omitted  to  notice  the  reports  on  deep-sea  explorations  published  by  the  lioyal 
Society  in  ]80!)  and  1870,  or  the  address  of  Mr.  Prestwieh  (the  late  President  of 
the  Geological  Society),  which  was  published  in  May  1^71,  and  particularly  treated 
of  those  Ileports.  M.  Delosse  i>  a  foreign  member  of  the  Geological  Society.  By 
consulting  what  lincl  been  published  on  the  subject,  M.  1  >elesso  would  have  been  able 
not  only  to  give,  fuller  information,  hut  to  correct  errors  which  unavoidably  occur  in 
an  exieushe  compilation.  For  instance,  his  map  of  France  during  the  Tertiary 
epoch  docs  not  show  tin*  communication  which  lias  born  proved  by  naturalists 
and  geologists  to  ha\e  then  existed  between  the  Bay  of  Biscay  and  the  Gulf  of 
Lyons.  According  to  M.  Polesso,  there  has  been  no  communication  since  tho 
Luwsic  period  between  tho  Atlantic  and  the  Mediterranean  north  of  the  Pyrenees. 
HIS  division  of  the  French  marine  i'nuiiu  into  three  provinces  (Celtic,  Lusitnnian, 
and  Mediterranean)  does  not  agree  with  modern  observations.  Xuophagous  mol- 
luscn  do  not,  as  staled  by  him,  live*  on  tho>e  which  arc  phytophagous;  pebbles 
(u  pnlets  ")  nre  not  e\erywliere  unfavourable  to  moliusca,  c\cn  on  coasts  exposed 
to  a  stormy  sou  ;  and  Foraminifera  iur\er  enn\l  at  the  bottom  of  the  sea.  But  it  is 
to  be  hoped  that  these  omissions  and  errors  -\\ill  bo  rectiiied  in  another  edition  of  a 
work  so  desirable  and  importnnt  to  scientific  inquirers. 


Note  on  the  Discovery  of  Cretaceous  Vtof/'x  in  tJie    Tslnndu  of  Midi  and  Inch 
'  XennctJt.     />'//  ,1.  W.  JUDD,  F.G.8. 

(Communicated  by  T.  M'K.  Hughes,  F.G.S.) 

Mr.  Judd,  after  pointing  out  that  the  probable  further  extension  of  the  chalk  over 
a  large  part  of  Scotland  had  been  inferred  by-  tho  Duke  of  Argyll  and  Mr.  Jamicson 
from  the  occurrence  of  chalk  flints  associated  with  Tertiary  volcanic  deposits, 
announced  that  he  had  now  discovered,  in  the  Western  Islands  of  Mull  and  Inch 
Kenneth,  fossiliferous  beds  of  Cretaceous  nge. 


On  the  Geological  Distribution  of  Goitre  in  England.    By  G.  A.  LKBOTTR,  F.G.S. 
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Notice  of  Veins  or  Fissures  in  tlie  Keitper,  filled  with  Itficttic  bone-bed,  at  Gold-* 
cliffe  in  MonmoutJtsJiire.    By  J.  E.  LEE,  F.G.S. 

The  alluvial  plain  stretching  along  the  south  of  Monmouthshire,  on  the  banks  of 
the  Bristol  Channel;  is  broken  in  one  or  two  places  by  liassic  outliers,  one  of  which 
forms  the  rising  ground  of  Goldcliffe.  The  upper  part  of  this  outlier  consists  of 
Lower  Lias  and  of  the  "  Ammvnitcs-planorlis  beds."  The  strata  immediately 
below  are  concealed  by  a  high  sea-wall,  built  on  the  Keuper  Marls,  which  form  a  scar 
at  low  water.  On  this  ecar  are  many  serpentine  projections  of  various  lengths  and 
sizes.  Some  of  them  are  21  feet  long,  and  a  foot  or  c^en  18  iuches*wide.  In  some 
cases  one  appears  to  run  under  the  other,  and  many  of  them  are  rounded,  both 
above  and  below ;  not  caused  by  the  action  of  the  present  sea,  but  having  been 
originally  of  this  form,  for  these  rounded  portions  are  covered  by  the  original 
Keuper  Marl.  They  all  consist  of  liassic  bone-bed,  with  scales  of  Gyrolepis  and 
teeth  ofHybochis  and  SiniricJtthys.  It  is  presumed  that  these  projections  are  the  casts 
in  the  bone-bed  of  fissures  made  in  the  Keuper  before  the  bone-bed  was  deposited, 
which  would  then  immediately  fill  them.  The  roundness  of  many  of  these  pro- 
jections is  endeavoured  to  be  accounted  for  by  supposing  these  fissures  to  have 
Tbecn  formed,  either  wholly  or  partially,  as  in  the  present  day  on  clay-scars,  by  rills 
of  running  water  on  the  marls  previously  to  the  deposit  of  the  bone-bed, 


On  the  Occurrence  of  Copper,  and  Lead-ores  in  tlie  Bunter  Conglomerates  of 
Cannock  Chnxc.     tiy  WILLIAM  MOLYNEVX,  F.G.S. 

The  author  first  stated  that  the  district  known  as  Cannock  Chase  was  at  the  pre- 
sent moment  the  scene  of  a  series  of  extensive  mining-operations,  which,  if  even 
moderately  successful,  would  open  up  a  very  considerable  area  of  valuable  coal- 
seams,  computed  at  not  less  than  200,000,000  tons,  and  push  outwards  a  distance 
of  upwards  of  five  miles  the  northern  apex  of  the  South-Staffordshire  coal-field. 
This  apex,  as  is  well  known,  rested  on  Brereton,  where  the  Coal-measures  are 
thrown  down  on  the  east  by  a  fault  of  considerable  range  and  influence,  and  on  the 
west  they  are  overlapped  uncomfonnably  by  Bunter  conglomerates.  From  Brereton 
the  conglomerates  continue  northward  over  the  Chase,  which  extends  to  within 
about  four  miles  of  the  town  of  Stafford,  up  to  which  point  the  mining  investiga- 
tions alluded  to  will  be  carried. 

The  Cannock  Mineral  Kail  way  from  Cannock  to  llugeley  occupies  a  valley 
which  runs  nearly  north  and  south,  and  unquestionably  marks  a  line  of  fault  of  con- 
siderable importance.  This  fault  is  laid  down  in  the  maps  of  the  (Geological  Survey, 
and  has  long  been  held  as  determining  the  western  boundary-line  of  the  workable 
coal-seams  of  South  Staffordshire.  West  of  this  ^  alley,  from  a  point  a  little  south 
of  the  town  of  Cannock,  as  far  as  Brocton  and  Milford,  ranges  the  old  surface-area 
of  a  large  portion  of  Cannock  Chase,  the  greater  part  of  which  is  at  the  present 
time  in  a  state  of  nature.  In  the  maps  01  the  Geological  Survey,  this  area,  with 
but  a  trifling  exception,  is  laid  down  as  Bunter  pebble-beds,  overspread  by  uricon- 
solidated  conglomerates  of  the  Is>w  lied  Sandstone  j  and  it  was  in  these  beds,  at  a 
place  called  Shore  Hill,  about  a  mile  north  of  the  town  of  Cannock,  that  the  author 
first  detected,  about  two  years  ago,  the  copper-  and  lead-ore  to  which  the  paper 
referred.  The  conglomerates  are  here  exposed  by  a  section  of  from  80  to  100  feet, 
and  they  dip  to  the  west  at  an  angle  of  about  20°.  They  consist  of  the  ordinary 
groups  of  pebbles ^  and  irregular  intersections  of  sandy  rock;  and  at  about  the 
middle  of  the  section  occurs  the  copper-ore  in  the  form  of  a  green  carbonate,  in- 
termixed with  the  paste  or  cementing  material  in  which  the  pebbles  are  set.  The 
ore  does  not  occupy  any  definite  position  in  the  gravels,  nor  is  it  confined  to  any  par- 
ticular horizon.  It  is  sometimes  met  with  in  little  holes  left  by  the  decomposition  of 
Carboniferous  limestone  or  chert-pebbles :  it  frequently  coats  and  even  occasionally 
insinuates  itself  into  the  interior  of  minutely  fractured  pebbles,  and  in  places  occurs 
iu  quantities  ^which,  if  proportionately  persistent,  would  be  of  great  commercial 
value.  At  this  pit  the  copper-ores,  so  far  as  the  author  had  found,  were  not  directly 
loud  j  but  about  20  feet  beneath  the  copper-bearing  beds,  the  latter 
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ore  is  found  to  occur  in  a  series  of  tliin  cementing  lines  in  the  gravels,  and  follow- 
ing the  natural  inclination  of  the  beds.  In  one  instance  the  gravels  are  set  in  a 
light  grey  and  greenish-yellow  cement,  in  which  occur  traces  of  lead,  iron,  and 
aluminium  soluble  in  acids.  Jt  is  therefore  to  those  conditions,  namely  the  ad- 
mixture of  copper-  and  lead-ores  with  the  Huntington  gravels,  that  they  owe  their 
peculiar  character  as  detrimental  to  the  growth  of  weeds,  and  from  which,  but 
previously  unknown,  circumstance  they  have  a  lartze  demand  as  material  for  the 
formation  and  repair  of  private  roads  and  walks,  the  gravel  having  been  sent  so  far 
as  Ireland  for  this  purpose. 

During  the  early  part  of  the  present  year  the  Fair  Oak  Colliery  Company  com- 
menced sinking  a  pair  of  shafts  for  coal  4  miles  to  the  north-east  of  the  Ilunt- 
ingtou  gravel-pits,  about  21  miles  north  of  the  West  Cannock  Colliery,  half 
a  mile  west  of  the  assured  boundary  fault,  and  about  2  miles  west  of  the 
Brereton  Collieries.  The  sinkings  commence  in  drift  sands  and  gravel,  and  are 
succeeded  by  Bunter  conglomerates.  At  a  deptli  of  2(<>  fk  *  from  the  surface 
lead-ore  occurs  in  large,  quantities,  disseminated  freely  amongst  the  gravels, 
which  are  coarse,  and  set  in  an  excessively  hard  calcai  eons  cement.  The  ore  is,  how* 
ever,  by  no  moans  continuous  or  persistent  in  its  occurrence,  but  is  found  at  irre- 
gular intervals  in  larger  or  smaller  quantities,  mixed  up  both  with  fine  and 
coarse  gravel,  downwards  to  a  depth  of  ^-")  feet  from  the  surface ,  At  75 -feet  in  the 
shaft  copper-ore  first  shows  itself,  and  is  in  this  case  distinctly  separated  from  the 
lead.  In  passing  further  downwards,  however,  both  these  ores  are  found  freely  asso- 
ciated together  and  in  large  quantities;  but  the  former,  so  far.  by  no  means  reaches 
the  percentage  of  the  Iluntington  specimens.  In  this  particular  instance  (that  is, 
the  association  of  the  two  ores)  the  Fair-Oak  ores  dilU.-r  from  those  of  Iluntington, 
although  it  is  of  course,  quite  probable  that  this  may  not  be  so  in  ground  at  present 
unexplored.  The  Fair-Oak  ore  consists  of  a  ^reen  carbonate,  occasionally  passing 
into  malachite,  or  carbonate  and  hydrate  of  copper ;  and  there  are  also  in  some  spe- 
cimens traces  of  oxide  of  copper.  The  lead,  which  indhidually  is  more  abundant 
than  at  Iluntington,  occurs  in  the  form  of  ordinary  galena  or  sulphide  of  lead  ;  but 
so  far  no  other  ores,  except  manganese  and  iron,  have  been  detected,  although  it  is 
most  probable  that  both  cobalt  and  nickel,  and  possibly  tin,  may  exist  in  small 
quantities. 

With  regard  to  the  origin  of  these  ores,  or  under  what  condition  they  were  pro- 
duced, the  author  would  not  \eniure  an  opinion ;  but  he  believed  that  they  would 
be  found  to  determine  the  lines  of  some  important  disturbance.  Their  occurrence 
at  these  particular  and  widely  separated  points  was  certainlv  curious  and  worthy 
of  investigation.  How  far  they  extended  downwards  in  the  gravels  would  be  ascer- 
tained by  the  sinkings,  but  they  had  not  hitherto  been  met  with  below  108  feet 
from  the'surface.  The  author  concluded  by  obser\  ing  that  he  believed  this  was  the 
only  known  instance  of  the  occurrence  of  copper-  and  lead-ores  in  undoubted  Bunter 
conglomerates  in  England, 

OH  the  Presence  of  A\t7ccd  Eclnnodcrmata  (Ilolothuria)  in  the  Inferior  Oolite 
and  Lias.     Bij  C.  MOOBE,  F.  G.8. 

The  Ilolotluiridn}  ave  a  group  of  animals  allied  to  the  Kchinodermnta,  but  are 
destitute  of  shelly  coverings.  Hut  sixteen  recent  British  species  are  known,  and 
in  size  vary,  according  to  their  genera,  from  2  inches  to  12  inches  in  length  ;  the 
latter  belong  to  the  Cucmnariro,  which  on  being  brought  up  by  the  dredge  have  a 
marked  resemblance  to  a  disagreeable-looking,  thick-skinned,  slimy  cucumber, 
many  of  the  genera  (of  which  there,  arc  but  six  British)  being  very  rare.  One  of 
the  rarer  of  these  is  the  Xyuapta,  which  has  imbedded  in  its  skin  a  number  of  very 
minute  spines  in  the  form  of  anchors,  by  means  of  which,  when  touched,  it  adheres 
closely  to  the  lingers.  A  Greenland  species,  allied  to  C'/n'rodottt,  has  its  skin  fur- 
nished with  exceedingly  minute  wheels,  which  inv  kmv\\n  by  being  very  pretty 
microscopic  objects.  {Soft-bodied  animals  hnu>  almost  entirely  disappeared  in  a 
fossil  state;  but  through  the  discovery  by  the  author  of  the  wheel-plates  alluded 
to,  ho  ia  able  to  establish  the  presence  of  at  least  four  species  of  JIvlvthuria  in  the 
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laaa  and  Oolite — one  being  from  the  Inferior  Oolite,  one  from  the  Uppor  Lia3,  and 
two  from  the  Middle  Lias.  The  little  wheel-like  plates,  which  are  about  the  fortieth 
of  an  iuch  in  diameter,  belong  to  Chirodota,  and  present  considerable  variety  in  form, 
some  of  them  indicating:  structure  not  hitherto  seen  in  recent  species.  They  aro 
formed  of  a  number  of  minute  wheel-spokes,  varying  from  live  to  thirteen,  which 
start  from  a  central  axis  and  are  surrounded  on  the  outside  by  a  wheel- tiro ;  on 
the  inner  edge  of  some  species  are  a  series  of  very  minute  teeth  extending  over 
the  central  cavity.  One  of  the  prettiest  forms  is  from  the  Interior  Oolite,  which 
the  author  did  himself  the  honour  to  name  Chiroflota  Carpenter^  after  the  President 
of  the  Association,  who  had  done  so  much  for  microscopic  science.  In  this  species 
the  wheel-tire  was  divided  into  a  number  of  sections,  giving1  it  a  very  ornato 
appearance.  The  author  concluded  by  expressing  a  hope  that  this  interesting  class 
of  animals  would  receive  a  more  systematic  study  than  had  hitherto  been  given  to 
them. 


On  the  Geology  of  the  Thunder  Bay  and  Shabendunvtn  Mining -Districts,  on 
the  North  Shore  of  Lake  /Superior.  By  II.  ALLKYNK  NICHOLSON,  A/.Z>.,  D.tic., 
F.R.S.E.,  -ZfT,GvS\,  Professor  of  Natural  History  in  University  Colleye, 
Toronto. 

In  this  communication  the  author  gave  a  short  account  of  tho  loading  geological 
features  of  tho  mining-districts  of  Thunder  Bay  and  Lake  Shabemlowan,  on  the 
north  shore  of  Lake  Superior.  After  giving  an  account  of  the  chief  points  of 
interest  in  the  physical  structure  of  Thunder  Bay,  it  was  shown  that  the  chief 
metalliferous  veins  of  this  region  aro  situated  in  the  group  of  rooks  which  are 
known  to  Canadian  geologists  as  tho  u  Lower  Copper-bearing  scries."  The  litho- 
logical  characters  of  this  series  wero  briefly  described,  and  it  was  shown  that  tho 
age  of  the  group  is  probably  Lower  Silurian.  Finally,  the  author  described  tho 
leading  lodes  of  the  district,  and  pointed  out  that  it  was  likely  to  become  one  of 
the  richest  silver-bearing  regions  in  the  North-American  continent. 

The  Lake  Superior  gold-districts  are  situated  round  Lake  Shabondowan  and  to 
the  N,E,  of  this,  and  occupy  a  largo  area  of  country  which  is  placed  about  sixty 
miles  from  Thunder'Bay,  and  is  reached  by  "the  "  lied  l*i\er  route."  The  geology 
of  the  country  intervening  between  Thunder  Bay  and  Lake  Shabendowan  wa's 
briefly  described  ;  and  it  was  shown  that  the  auriferous  veins  intersect  a  vast  series 
of  Iluronian  slates.  These  slates  are  for  the  most  part  greenish  grey  in  colour, 
sometimes  tine-grained,  sometimes  breccia  ted,  and  often  glossy  and  soapy  from 
the  presence  in  them  of  tale.  The  slates  are  interstratiiicd  with  beds  of  trap  ;  and 
the  author  drew  especial  attention  to  the  exceedingly  close  resemblance  which  they 
present  to  the  so-called  "Ureen  Slates  and  Porphyries*'  of  the  Lake-district  of  tlio 
North  of  England — a  resemblance  which  is  shown,  not  only  in  the  mineral  natuio 
of  the  rocks,  but  in  the  kind  of  scenery  produced  by  their  weathering.  The  author 
also  expressed  his  opinion  that  these  Iluronian  slates,  though  generally  spoken  of 
simply  as  "  talcose  slates,"  are  truly  of  the  nature  of  bedded  felspathic  ashes,  and 
that  the  talc  which  they  contain  is  a  secondary  product  developed  in  them  byme- 
tamorphic  action  subsequent  to  their  original  formation.  The  gold-bearing  veins, 
iinally,  were  shown  to  have  generally  an  15.  and  W.  or  KN.K.  and  W.S.W.  direc- 
tion, conforming  to  the  strike  of  the  rocks  which  they  traverse  ;  and  the  ores  which 
they  contain  \vero  shown  to  be  chiefly  auriferous  copper-pyrites  and  free  gold,  with 
the  occasional  occurrence  of  galena,  silver-glance,  metallic  silver,  and  iron- 
pyrites. 

On  Ortonia,  a  new  Genus  of  Fossil  Tnlncolar  Annelides,  with  Notes  on  the 
Oemis  Tentaculitce.  By  II.  ALLKYNK  NICHOLSON,  M.D.,  D.Sc.,  FJt.S.E., 
Professor  of  Natural  History  in  University  (Jolleye,  Toronto. 

Having  carefully  examined  numerous  examples  of  the  genus  Tentacntitcs,  Schlot., 
the  author  had  arrived  at  the  opinion  that  fossils  of  very  different  zoological  aflmi- 
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tlos  hod  been  included  under  this  head.  The  gemn  Tentacnlite$  is  truly  referable 
to  the  Pteropoda,  and  therefore  all  the  forms  which  belong  here  must  necessarily 
be  free  and  unattached  to  foreign  objects,  since  an  attached  or  parasitic  Pteropod 
ia  not  conceivable.  Similarly  all  the  forms  of  Tentaculitei  proper  must  possess  a 
straight  shell,  since  the  shell  of  the  Pteropods  is  always  either  straight  or  regularly 
curved.  No  irregularly  twisted  and  contorted  tubed  can,  therefore,  be  properly 
referred  to  Tcntaculitcs. 

In  accordance  with  these  principles,  tho  author  formerly  established  the  genus 
Conchicolitc*,  to  include  Tubioolar  Auii"lides  the  tulvs  of  which  are  attached 
socially  in  clustered  masses  to  dead  shells  (American  Journ.  of  Science  and  Arts, 
vol.  iii.  No.  lo,  1872).  Tho  author  now  proposed  a  second  geniv*,  un.lcr  tho  name 
of  Ortonin,  after  its  discoverer,  Mr.  Edward  Ortou,  of  Ohio,  to  include  certain  other 
Tubicolar  An  nelides  which  ha<l  been  previously  referred  to  Trnturulitc*.  The  genus 
Ortonia  comprises  the  single  species  O.  cnnicd,  which  is  doubtfully  identified  with 
th'3  Tenfarulift's  Jlc.runw  of  Hall.  The  only  known  species  is  from  the  Lower 
Silurian  (Cnrad-»c)  of  North  America,  occurring  in  the  rocks  of  tho  "Cincinnati 
Group"  (Hudson-  River  s^rie^)  of  Ohio.  The  following  diagnosis  gives  the 
characters  of  the  genus  and  species  :— 

OJITONIA,  Nich.  Animal  solitary,  inhabiting  a  calcareous  tube,  which  is 
attached  along  the  whole  of  one  side  to  some  foreign  bodv.  Tube  slightly  flexuous, 
conical,  in  section  cylindrical  or  subtriangiihir.  Walls  of  the  tube  thick,  cellular 
along  the  margin  opposite  to  the  attached  surface,  and  markedly  anuulatod  by 
transverse  ridges  or  rings  along  tlie  side*. 

Ortonia  contra,  Nich.  Tubes  growing  attached  to  the  shell  of  some  mollusk  ; 
varying  in  length  from  {  to  \  an  inch,  with  a  diameter  of  about  Tu  of  an  inch  at 
tho  mouth.  Lateral  annulafions  of  tlie  tube  varying  in  number  from  ,'50  to  35  in 
the  spaee  of  an  inch.  Surface  smooth  and  completely  destitute,  so  far  as  obsened, 
of  longitudinal  at  rite. 


Rotes  on  Muchoirodus  latidcnsywwf  />//  th  '  l?ev.  J.  MucKnory  hi  Kent's 
(\nvrn,  Tor^Hti/.     7ty  \V.  POUKLLY,  F.lt.ti.,  F.U.X. 

In  this  communication  the  author  discussed  tin*  following  questions:  — 
1st.  Did  Mr.  MacKnery  find  more  than  fh  e  canines  of  3£<ichairodu*  fttfufcHt  in  tho 
Cavern  ? 

2nd.  Did  he  find  there  more  than  one  incNor  of  this  species  ? 
I5rd.  To  what  era  did  the  Kent's  Hole  JA/r/jf/jYw/ws  belong:' 

1.  Having  pointed  out  that  in  his  "  C^nern  Ue^earclu1^  v  -MacKnery  mentioned  no 
more  than  live  canines,  all  of  which  had  been  traced,  and  explained  that  it  had  been 
inferred  from  certain  expressions  in  documents  pve^cn  ed  by  tho  Yorkshire  Philoso- 
phical Society  that  a  sixth  canine,  found  in  the  (1a\ern,  had  been  presented  by 
MacKnery  to  the  Museum  in  the  Jardin  des  Plant  rs,  Paris,  tho  authur  stated  that  he 
of  Mttehairodun,  whence  it  has  been  inferred  that  two  incixirs  were  found  by 
had  recently  \isitcd  the  Museum  for  the  purpose  of  investigating  the  question,  and 
had  found  that  plaster  casts  of  a  canine,  and  not  an  actual  tooth,  had  formed  part  of 
MacEnory's  present  to  (  'uvier. 

2.  Proceeding  to  till*  second  question,  he  called  attention  to  a  plate,  in  Indian 
ink,  the  property  formerly  of  Mr.  MaeKnery,  but  now  of  the  Torquay  Natural- 
History  Society.     It  contains  live  figures,  three  of  them  representing  two  incisors 
MacKnery.    In  reply,  it  was  pointed  out  that  MaeKnery  mentions  but  one  incisor, 
that  there  was  no  evidence  that  the  figures  represented*  Kent's  Cavern  specimens, 
that  tho  plate  certainly  did  not  belong  to  the  Cavern  series,  and  was  never  referred 
to  in  MacEnery-'s  manuscripts. 

8.  On  tho  third  and  most  important  question  (the  era  of  the  Cavern  Macliairo- 
elus)  it  was  shown,  from  MocEnory's  statements,  that  the  canines  and  incisor 
were  found  in  a  branch  of  Kent's  Hole  known  as  the  Wolf's  Cave,  mixed  with  re- 
mains of  the  ordinary  cave  mammals  (Rhinoceros,  Elephant,  Horse,  Ox,  Elk,  Deer, 
Hyaena,  Bear,  Wolf,  and  Fox)—  that  though  of  delicate  structure,  they,  unlike  some 
of  the  specimens  found  with  them,  bore  no  indications  of  contusion  or  abrasion  —  and 
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that  their  fangs  had  been  gnawed.  To  this  it  had  been  objected  that  tho  Cavern  con- 
tained two  ossiferous  deposits — one,  termed  "Breccia,"  found  only  in  certain 
branches,  the  other,  known  as  u  Cave-earth,"  much  more  widely  spread  and  of  less 
antiquity — that  fragments  of  the  former  were  in  certain  localities  found  incorporated 
in  the  latter — that  in  all  probability  fossils  had  been  occasionally  washed  out  of  the 
Breccia  and  redeposited  in  the  Cave-earth — and  that  tho  following  was  the  problem 
to  be  solved : — Was  not  this  the  history  of  tho  remains  of  Machairodns  found  in 
Kent's  Hole  ?  In  reply,  the  author  .stated  that  whilst  the  Breccia  teemed  with 
fossils,  they  were  the  remains  of  bears  only,  that  they  were  in  a  different  mineral 
condition  from  those  found  in  the  Cave-earth,  and  that  the  teeth  of  Machairodus 
were  in  this  respect  identical  with  the  latter — that  whilst  the  fangs  of  the  J/«- 
chairodus-teeih  were  certainly  gnawed,  there  were  in  tho  Breccia  no  indications  of 
the  hyaena,  to  which  the  work  was  no  doubt  to  bo  ascribed  (none  of  his  teeth,  or 
his  coprolites,  or  bonen  gnawed  by  him)  ;  but  in  the  Cave-earth  his  remains  were 
more  abundant  than  those  of  any  other  animal — that  in  tho  Wolfs  Ca\e  there  were 
no  traces  of  the  Breccia,  either  in  sifn,  or  in  incorporated  fragments — and  that  tho 
absence  of  marks  of  contusion  or  abrasion  was  incompatible  with  the  hypothesis 
of  dislodge  ment  and  re- deposit  ion. 

The  paper  concluded  with  the  following  expression  of  opinion  on  the  three 
questions  discussed : — 

1st.  There  is  no  reason  for  believing  or  suspect  ing  that  more  than  five  canines 
were  found  by  Mr.  MacEnery, 

2nd.  The  evidence  that  more  than  one  incisor  was  found  by  Mr.  MaeEnery  is  not 
conclusive. 

3rd,  Machalrodus  latidens  belonged  to  the  era  of  the  Cave-earth  of  Kent's  Cavern. 
There  is  at  present  no  evidence  that  it  belonged  to  the  earlier  period  represented  by 
the  "Breccia;"  and  should  such  evidence  present  itself  hereafter,  it  will  simply 
prove  that,  like  UVs«s  spelcctut,  JHacJicriroflus  belonged  to  both  eras. 

P.8.  Since  this  paper  was  written,  a  fine  incisor  of  JUftchainHhix  lutirlcm  has  been 
found  in  Kent's  Cavern,  by  the,  Committee  appointed  by  the  British  Association  to 
explore  the  Cavern.  It,  lay  with  the,  left  lower  jaw  of  hear  in  the  upptrmost  foot- 
level  of  the  Cave-earth,  and  had  teeth  of  hyaena,  boar,  and  horn*  vertically  below 
it,  thus  confirming  the  conclusion  already  arrived  at  respecting1  its  era. 


On  a  remarkable  Block  of  Lava  ejected  by  Vesuvius  at  the,  Great  Eruption, 
April  1872,  winch  proves  the  formation  of  Silicates  through  Sublimation. 
J3ti  Herr  G.  VOM  HATH,  Jtvnn. 

The  aggregates  rich  in  minerals  found  in  the  strata  of  tuii'  on  Monte  di  Soinma 
are  known  to  all  mineralogists.  Most  of  these  magnificent  mineral  aggregates  are 
no  longer  ejected  by  the  volcano  of  to-day;  but  even  now  fragments  of  ancient 
lava  are  to  be  found  amongst  the  projectiles  of  the  volcano,  distinguished  by  larger 
crystals  of  leucite  than  those  in  the  more  recent  lava-streams  and  in  the 
scoriw. 

It  is  of  high  geological  interest  to  examine  such  evidence  as  may  allow  of  newly 
formed  minerals  being  recognized.  Thus  the  ordinary  lava,  with  iU  manifold  mix- 
tures of  minerals  and  the  delicate  crystals  in  its  cavities,  cannot  bo  the  product  of  a 
simple  cooling.  Some  of  the  crystals  found  in  the  lava  were  already  in  existence  pre- 
viously and  were  swimming  in  the  stream,  while  some  were  crystallizing  out  ol  the 
iiery  mass  during  the  progress  of  its  solidification ;  arid,  lastly,  certain  crystals  appear- 
ing in  cavities  indicate  the  cooperation  of  \appur  which  had  been  active1  in  tho  igiie- 
ous  magma.  The  distinction  of  the  various  formations  of  minerals  is  exceedingly 
difticiilt  in  the  ordinary  lava  and  sconce,  as  in  the  flowing  and  cooling  lava  different 
mineralogical  processes  may  combine,  A  more  favourable  condition  for  observa- 
tion is  presented  when  a  mass  of  ancient  lava  has  been  subjected  again  to  volcanic 
activity,  and  has  served  partly  as  a  substratum,  partly  as  the  baye>  for  new  minera- 
logical formations.  It  is  easier  by  far  to  distinguish  such  newly  formed  crystals 
accurately  from  the  original  la\a  in  the  blocks  ejected  than  in  the  ordinary  lava. 

The  study  of  such  matters  is  conducting  us  to  the  view  that  the  quantities  of 
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water,  hydrochloric  acid,  sulphuric  acid,  &c.  exhaled  by  the  craters  and  by  the 
streams  of  lava  are  not  only  an  accompanying1  phenomenon  in  the  production  of 
volcanic  rocks  and  mineral  abrogates,  but  that  they  are  essentially  cooperating 
agents  in  their  origination.  If  once  we  succeed  in  proving  and  explaining  the 
origin  of  minerals  through  vapours,  or  by  cooperation  of  vapours,  then  will  the  key 
to  many  a  problem  relating  to  the  plutonic  rocks  and  their  mineral  veins  bo 
found. 

A  block  of  lava  ejected  by  Vesuvius  in  its  last  eruption  is  very  instructive,  as 
throwing  light  on  the  formation  of  minerals  by  volcanic  vapours.  This  block 
shows  that  in  its  interior  small  and  fine  crystals  ot  pyroxene,  mica,  sodalite,  hrema- 
tite  (specular  iron),  and  magnetite  were  formed,  whilst  at  the  same  time  in  the  peri* 
pheric  zone  the  pyroxene  was  melting  and  the  leucite  being  destroyed  by  the  vol- 
canic heat. 

Originally  our  block  of  lava  had  doubtless  the  appearance  of  so  many  varieties  of 
lava  from  the  dykes  of  the  Somma.    The  character  of  the  ''lava  antica*1  is  well 
known  to  those  acquainted  with  Vesuvius.    The  original  nature  of  our  rock  is  in- 
dicated by  thickly  agglomerated  leucite  of  sizcq  up  to  3  millims.  (scarce),  green 
pyroxene  as  large  as  6  millims.,  and  a  magma  with  a  great  many  ca\ities.  Our  frag- 
ment shows  the  constitution  of  the  outside  as  well  us  of  the  interior.  It  is  unclosed 
in  a  covering  of  black  lava  a  few  millims.  thick,  which  is  full  of  bladders  on  the  sur- 
face, towards  tho  interior  dense  and  molted  like  obsidian.     In  this  crust  it  is  clear 
that  some  parts  of  the  ancient  hua,  for  instance  the  pyroxene,  were  melted  with 
tho  new  lava,  in  the  midst  of  which  our  block  was  floating  in  the  depths  of  the 
crater  before  the  eruption.     Though  in  the  peripheric  zone  there  is  nothing  to  bo 
seen  of  pyroxene,  the  Iciicite-crystals  have  been  destroyed,  but  not  melted  j  they 
rise  out  of  the  black  scoriuecous  matter  as  white  grains  soaked  through,  as  it  were, 
by  the  grey  melted  mass.  To  this  external  zone  another  succeeds,  lO-io  millims.  in 
thickness,  in  which  the  rock  is  iirm  and  compact,  and  nothing  is  to  be  seen  of  new 
mineral  formations.    At  this  /one  the  p}  roxene-crystals  are  likewise  melted,  and  the 
cavities  of  the  rock  are  filled  with  tho  melted  mass  penetrating  from  the  outside. 
1  low  could  the  haematite  have  b«-en  formed  so  .as  to  escape  bring  fused  down  with  the 
igneous  silicate  ?   At  a  distance  of  12-1  o  millims.  from  the  periphery  the  pyroxene 
is  not  melted,  at  least  not  totally,  to  glassy  drops ;  and  it  is  here  that,  naturally 
without  distinct  limits,  the  inner  part  of  the  block  commences  in  which  the  new 
formations  have  taken  place.     The  cavities  here  are  not  filled  with  a  molted  mas?, 
but  covered  with  small  delicate  crystals  that  sparkle  brightly  and  are  in  marked 
contrast  with  the  dense  melted  mngma  of  the  peripheric  zone.     The  sparkling 
covering  of  tho  little  gcodes  consists  principally  of  haematite  and  reddish-yellow 
pyroxene.     In  some  (unities  the  sparkling  is  due  to  plates  of  luematite,  in  others 
nearly  entirely  to  reddish-yellow  pyroxene.     MoM;  of  them  show  both  minerals 
together  and  in    intimate  mixture.     Both   minerals,  haematite  and  pyroxene, 
appear  not  only  in  the  cavities,  but  also  in  the  smallest  fissures  and  holes  of  the 
general  mass,  and  even  of  the  leucite.     Studied  by  a  lens,  the  rock  is  seen  every- 
where to  exhibit  minute  shining  points  of  black  hematite  and  red  pyroxene.     The 
little  pyroxene-crystals,  appearing  here  as  new  formations,  resemble  in  colour  and 
haoit  exactly  tho*e  crystals  which  seven  jvars  ago  I  found  implanted  on  the 
volcanic  h&mntito  of  tho  spent  funiarole  in  a  ^coriaceous  hill  near  our  lake  of 
Laach,  and  which  I  announced  as  the  lirst  decided  proof  of  a  silicate  originated  by 
sublimation.     Magnetite  in  small  quantities,  but  in  the  same  circumstances  as 
pyroxene,  is  also  found  in  our  rock.     JJy  close  observation  of  the  little  cavities  one 
may  also  observe  a  fourth  mineral  in  white  crystals  of  pearly  lustre,  formed  like- 
wise by  sublimation.     It  was  somewhat  dilhVult  to  determine  that  mineral;  it  has, 
however,  been  done  with  great  certainty  :  it  is  sodalite. 

The  formation  of  hiematite  by  volcanic  sublimation,  formerly  a  riddle,  is  now 
quite  understood  ;  but  the  chemical  process,  how  silicates  are  formed  by  sublima- 
tion, is  not  as  clearly  understood  even  now.  Chemistry  will  succeed  in  explaining 
this  geological  fact,  as  it  has  done  with  the  volcanic  haematite. 

Even  now  we  can  settle  with  precision  that  water  and  chloride  of  sodium  effect 
principally  the  origin  of  silicates  by  sublimation,  as  is  the  case  with  the  volcanic 
hsematite,  Certainly  it  is  not  accidentally  that  wo  find  sodalite,  the  silicate  most 
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rich  in  sodium,  to  bo  sublimated  by  volcanic  processes.  The  chloride  of  sodium 
derived  from  the  sea  is  separated  by  the  chemical  actions  of  the  volcano.  Chlorino 
unites  with  hydrogen,  iron,  £c. ;  sodium  plays  its  part  in  the  formation  of  sodalite. 
Sea-water  is  the  great  source  of  volcanic  phenomena,  as  well  in  the  mechanical  aa 
in  the  chemical  point  of  view.  Steam  raises  the  melted  matter  upwards  to  the 
border  of  the  crater;  steam  and  sodium  operating  on  the  'lava  originate  new 
minerals.  So  sublimations  will  solve  many  problems  in  regard  to  new  and  ancient 
mineral  formations,  not  to  be  explained  either  by  supposing  a  merely  aqueous  pro- 
cess, nor  by  crystallization' out  of  a  molten  iluid. 

Twenty  years  ago  Prof.  Scacchi  of  Naples  did  suggest  the  sublimation  of  silicates 
at  Vesuvius,  without  producing  sufficient  proofs  to  secure  belief  in  this  seemingly 
incredible  fact.  The  pyroxenes  implanted  on  the  volcanic  lucmatite  in  the  neigh- 
bourhood of  our  lake  of  Laach,  and  the  matter  ejected  by  Vesuvius  during  the 
last  eruption,  place  this  remarkable  fact  beyond  doubt. 


On  the  Coal-  and  Iron-Mines  of  the  Ar'tyna  District  of  the  Connaityht  Coal- 
wettsures,  Ireland.     By  T.  A.  I{I:AD\MX,  F.G.ft.* 

The  author  first  gavo  a  sketch  of  previous  writings  upon  this  district,  and 
acknowledged  his  indebtedness  to  the  Geological  Suney  of  Ireland  for  assistance 
in  his  researches. 

The  shales  overlying  the  Upper  Limestones  of  the  district  were  surmised  by  the 
author  to  belong  to  tho  Yoredalo  series.  Over  these  there  are  grits  and  shales,  with 
three  seams  of  coal,  which  the  author  referred  to  the  Ganni^ter  series,  remarking 
that  a  bed  of  truo  "gcinnister  "  occurred  there. 

The  coal-field  was  divided  into  three  district*  by  the  author,  each  of  which  was 
separately  described.  He  noticed  at  some  length  the  clay,  ironstone  bands,  and 
nodules,  which  occur  over  a  much  larger  area  than  do  the  coals.  The  ironstone  is 
richer  and  purer  than  most  of  tho  Knj^lish  clay -ironstone. 

The  coals  contained  an  average  of  77  per  cent,  of  carbon,  and  the  limestone  an 
average  of  40  per  cent,  of  metallic  iron. 

The  author  believed  that  the  time  had  come  for  a  vigorous  and  scientific  explo- 
ration of  tho  district,  which  ho  felt  convinced  would  soon  become,  as  Sir  R.  Kane 
had  long  ago  predicted,  "an  important  centre  of  industry  Cur  the  interior  of  the 


country." 


On  the  Occurrence  of  a  Tlriti&li  Fossil  Zcuglodon  at  Barton,  Hants* 
'  B>i  II.  G,  SJJKLKY,  F.G.ti. 


On  certain  Quartz-Nodules  occurring  in  the  Crystalline  Schists  near  Killin, 
Perthshire.     By  ROBERT  SIM,  MJ). 


g 
b 


On  the  Sul-Weulden  Kiyhmtion.     By  W,  TOPLKT,  P.O.  8. 

The  author  stated  that  this  paper  was  submitted  to  the  Section  with  tho  view  of 
iving  some  information  as  to  an  experiment  just  being  commenced  to  explore,  by 
oring,  the  rocks  underlj  ing  the  Weald  of  Sussex,  especially  to  reach  and 
ascertain  the  nature  of  the  pulspozoic  rocks.  This  undertaking  has  been  planned 
by  Mr.  Henry  Willett,  in  honour  of  the  visit  of  the  Association  to  Brighton. 

The  author  first  described  the  general  structure  of  the  Weald,  illustrating  his 
remarks  by  reference  to  the  rocks  exposed  along  the  London  and  Brighton  Railway. 
The  lines  of  disturbance  traversing  this  area  were  nlpo  described  ;  nnd  particular 
reference  was  made  to  the  lowert  known  beds  of  the  district  (the  Aphburnhnm  beds), 
which  are  brought  up  to  view  by  the  main  anticlinal  on  the  north  of  Brightling. 
The  ascertained  thickness  of  these  As-hburnham  beds  was  stated  to  be  nbout  360 
feet,  and  the  lowest  known  beds  were  shown  to  lie  close  to  tho  surface  in  Koimden 
Wood,  near  Brightling. 


TRANSACTIONS  OP  THE  SECTIONS.  123 

The  author  then  passed  on  to  describe  tho  range  of  tho  older  rocks,  with  their 
associated  Coal-measures,  from  the  south  of  Ireland,  through  the  west  of  England, 
and  then  again  in  Belgium.  Following  the  reasoning  of  Mr.  Godwin- Auston,  as 
laid  before  the  Geological  Society  in  1855,  the  author  showed  that  a  ridge  of  palaeo- 
zoic rocks  must  extend  under  the  south-east  of  England,  and  that  such  had  been 
certainly  reached  at  Harwich,  possibly  also  at  Kentish  Town.  The  likelihood  of 
tho  occurrence  of  Coal-measures  along  this  lino  was  also  discussed. 

It  was  shown  that  in  the  Boulommis  the  Carboniferous  Limestone,  where  last  seen, 
is  dipping  south  ;  and  that  in  tho  Pays  do  Bray,  n ear  Ciournay,  Carboniferous  Lime- 
stone has  been  found  at  a  depth  of  only  2*2  metres  below  Kimmeridge  clay.  From 
those  facts  it  seems  extremely  likely  that  a  trough  of  Coal-moasm  os  may  lio  between 
these  two  points ;  and  if  so,  this  trough  will  probably  be  continued  westwards  under 
the  Weald.  But  of  this,  and  oven  of  this  character  of  tho  Coal-measures  if  found, 
there  must  necos,-arily  bo  great  uncertainty.  The  sub- \Yealden  boring  may  not  at 
once  dotonnine  theso  points,  but  it  will  give  important  data  towards  tho  future  de- 
termination of  them.  With  regard  to  tho  thickneH*  of  tho  rocks  to  bo  passed 
through,  nothing  certain  could  be  said.  The  author,  as  the  result  of  a  careful  exa- 
mination of  tho  evidence,  concluded  that  1<JOO  feet  would  probably  bo  tho  maximum 
depth  to  tho  puheozmc  rock'*.  Mr.  Treats  ich,  a<*  the  result  of  other  inquiries,  had 
suggested  1700  toet  a^  tin*  maximum  depth.  Those  results,  independently  arrived 
at,  gave  groat  hopes  that  the  numbers  nann-d  would  not  bo  exceeded.  The  minimum 
depth  could  scarcely  bo  le>s  than  000  or  TOO  feet. 

With  rcgsml  to  the  site  selec-ird  for  th*»  borin*>,  it  wa-*  shown  that  it  wns  on  the 
lino  of  tho  main  anticlinal,  and  within  about  100  feet  of  the  lowest  known  part  of 
the  Ashburnham  bed-*,  and  consequently  in  a  mo-t  favourable  spot  for  this  experi- 
ment.   * 

On  the  Geolof/y  of  Moal*.     %  the  llcv.  Canon  TiusTtmr,  LL.D.,  F.R.8. 

In  this  paper  it  was  shortly  staled  that  the  Milky  of  tho  Jordan  coincides  with  a 
synclinal  lino.  On  t lie  western  aide  of  tho  Dead  Sea  thcic  are  only  throe  springs, 
and  hero  there  are  vast  banks  of  marl  heaped  against  tho  cliffs.  On  tho  east  side 
thero  is  but  little  marl ;  tho  clifls  are  formed  of  New  lied  Sandstone,  and  whore  tho 
Eocene  limestone  rots  upon  this,  thero  arc  numerous  springs.  Tho  basalt  of 
tho  district  is  modern,  as  the  la\a-stivams  overlie  the  Tertiary  limestones.  No 
craters  woro  observed  in  this  district,  and  the  origin  of  tho  lava  is  at  present  un- 
known. To  the  north-oast  of  the  Dead  Sea  there  is  a  fertile  plain  of  New  lied 
Sandstone,  backed  on  tho  onst  by  a  range  of  limestone  hills  (Tertiary):  beyond  this 
there  is  a  region  as  yet  wholly  unexplored,  which  was  reported  to  bo  a  vast  volcanic 
tract  covered  with  ruined  cities. 

On.  the  Formation  and  Stratijitation  of  Sedimentary  Rocks* 
Jly  T.  OGIER  WAKO,  M.D.  O.von. 

On  ftlicJccn$!df$i  or  JlMcd,  Polished,  or  Striated 
tiy  T.  Oemt  WARD,  M.D.  Oxon. 


BIOLOGY, 
Addres 


Sir  JOHN  LUBUOCK,  Bart.,  MJ\.  F.fi.tf.,  rice-  Chancellor  of  the 
University  of  London,  President  of  the  Section. 

to  tho  introduction  of  natural  science*  into  our  great  public  schools 
Sir  J.'  Lubbock  was  glad  to  say  that  the  regulations  which  are  boing  drawn  up 
under  tho  Public  Schools  Act  by  the  new  governing  bodies  generally  contain  a  pro- 
vision that  natural  science  filial!  bo  taught  to  all  boys  in  their  passage  through  the 
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schools.  lie  hoped  that  this  provision  would  be  fairly  carried  out,  and  that  a  due 
proportion  of  time,  of  the  scholarships,  and  of  the  exhibitions  would  be  devoted  to 
natural  science.  It  was  only  fair  to  say,  with  regard  to  private  schools,  that  they 
had  little  choice  of  action  until  the  universities  and  great  schools  led  the  way.  A 
deputation  of  the  Council  had  waited  on  Mr.  Forster,  to  urge  the  importance  of 
the  introduction  of  natural  science  into  the  elementary  schools  also  of  the  country. 
The  Government  had  distinctly  abandoned  the  principle  that  primary  education 
should  be  confined  to  reading,  writing,  and  arithmetic  ;  but  little  had  been  effected 
as  yet  for  the  practical  introduction  of  scientific  instruction.  The  experience  of 
Dean  Dawes  and  Prof.  Ilenslow  had  conclusively  shown  the  aptitude  of  the 
children  for  such  instruction ;  and  he  rejoiced  to  see  that  the  School  Boards  of 
London  and  Liverpool  had  determined  on  the  introduction  of  elementary  science 
into  all  schools  under  their  control.  If  it  was  objected  that  this  could  only 
amount  to  a  smattering,  it  might  well  be  asked,  who  has  more  ?  Those  who  are 
most  advanced  in  knowledge  Know  best  how  slight  this  knowledge  is.  Indeed 
every  fresh  observation  opens  up  new  lines  of  inquiry.  Kvery  biologist  would 
admit  the  impulse  to  research  which  had  been  given  by  the  publication  of  Mr, 
Darwin's  (  Origin  of  Species.'  Yet  it  was  surprising  how  much  fundamental  mis- 
apprehension still  surrounds  Mr.  Darwin's  views.  Thus  Browning,  in  one  of  his 
most  recent  poems,  said  :— 

That  mass  man  sprung  from  was  a  jelly  lump 
Onco  on  a  time  ;  he  kept  an  after  course 
Through  fish  and  insect,  reptile,  bird,  or  beast, 
Till  he  attained  to  bo  an  ape  at  last, 
Or  last  but  ono. 

It  was  hardly  necessary  to  point  out  that  Mr.  Darwin  would  be  the  first  to  repu- 
diate such  a  theory.  These  types  of  structure  might  be  derived  from  one  origin  ; 
they  were  certainly  not  links  in  one  sequence.  It  was  one  thing  to  recognize  in 
natural  selection  a  rera  causa ;  it  was  another  to  assume  that  all  animals  wore 
descended  from  one  primordial  source.  As  to  the  first  alternative,  ho  could  not 
himself  feel  any  doubt ;  and  whatever  conclusion  might  be  come  to  as  to  the 
latter,  the  publication  of  the  l  Origin  of  Species  '  would  not  the  less  have  consti- 
tuted an  epoch  in  biology.  How  far  the  present  condition  of  living  brings  was  due 
to  natural  selection, — how  far,  on  the  other  hand,  the  action  of  natural  selection 
has  been  modified  or  chocked  by  other  natural  laws,  by  the  unalterability  of  types, 
by  atavism,  &c., — how  many  types  originally  came  into  being,  whether  they  had 
arisen  simultaneously  or  successively, — these  and  many  other  similar  educations 
remained  to  be  solved,  even  if  we  admitted  the  theory  of  natural  selection.  All 
this,  indeed,  had  been  clearly  pointed  out  by  Mr.  Darwin  himself,  and  would  not 
have  needed  repetition  but  for  the  careless  criticism  by  which,  in  too  many  cases, 
the  true  question  had  been  obscured.  Without,  however,  discussing  the  argument 
for  and  against  Mr.  Darwin's  conclusion,  we  so  often  meet  with  travesties  oi  it  like 
that  which  he  had  quoted,  that  it  might  bo  worth  while  to  consider  the  stages 
through  which  some  one  group  (say  that  of  insects)  had  come  to  be  what  they 
were,  assuming  them  to  have  developed  from  simpler  organisms  under  the  influence 
of  natural  laws.  The  question  was  one  of  groat  diiliculty.  It  was  hardly  neces- 
sary to  say  that  they  cannot  have  passed  through  all  the  forms  of  animal  life,  and 
the  true  line  of  development  would  not  be  agreed  upon  by  all  naturalists.  Almost 
every  one  would,  however,  admit  that  embryology  and  development  were  our 
best  guides.  The  various  groups  of  Crustacea,  for  instanco,  however  different 
the  mature  conditions,  were  for  the  most  part  very  similar  when  they  quitted 
the  egg, 

So,  again,  in  the  case  of  insects;  the  differences  between  the  different  groups  of 
insects  were  indeed  great.  The  stag-beetle,  the  dragonfly,  the  moth,  the  bee,  the 
ant,  the  gnat,  the  grasshopper  ;  these,  and  other  less  familiar  types,  seemed  at  first 
to  have  little  indeed  in  common.  They  differed  in  size,  inform,  in  colour,  in 
habits,  and  modes  of  life ;  yet,  following  the  clue  of  the  illustrious  Savigny,  it  had 
been  shown,  not  only  that  they  were  constructed  on  one  common  plan,  but  that 
other  groups,  such  as  Crustacea  and  Arachmda,  could  be  shown  to  be  fundamentally 
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similar,  If  we  compared  the  larvje,  this  fact  became  much  more  evident,  It  had 
been  pointed  out  by  Brauor  and  aho  by  himself  that  the  two  types  of  larvae  which 
Packard  had  proposed  to  call  the  cruciform  and  leptiform  ran  through  the  principal 
groups  of  insects.  This  was  obviously  a  fact  of  great  importance.  If  individual  beetles 
were  derived  from  a  form  very  similar  to  that  of  the  existing  genus  Campodea,  it 
was  surely  no  rash  hypothesis  to  suggest  that  the  Coleoptera  as  a  group  might  bo 
so.  If  he  were  asked  to  describe  the  insect  type,  he  would  way  it  was  an  animal 
composed  of  head  with  mouth-parts,  eyes,  and  autenme,  a  thorax  made  up  of  three 
segments,  each  with  a  pair  ot  legs,  and  a  many-segmented  abdomen  with  anal 
appendages.  This,  for  instance,  would  describe  the  larva  of  a  small  beetle  named 
Sitari»\  and,  speaking  generally,  it  might  bo  said  that  (excepting  the  weevils) 
Coleoptera  generally  were  derived  from  larvie  of  this  type.  The  same  was  also 
true  of  Neuroptera,  Orthoptera,  and  Trichoptorn.  The  larvro  of  Lepidoptera,  from 
the  large  size  of  the^abdomen,  had  been  generally,  and,  as  he  thought,  wrongly, 
classed  with  the  maggots  of  Hies,  bees,  &c.  The  three  thoracic  segments  were, 
on  the  contrary,  marked  by  legs,  and,  excepting  greater  clumsiness  in  general 
appearance,  they  essentially  agreed  with  tho  type  already  described.  No  Dipterous 
larvdB  belonged,  however,  to  this  type.  Insect^,  then,  widely  diil'erent  in  their 
mature  state  closely  agreed  in  their  larval  states.  Was  there  any  mature  form 
which  also  corresponded  to  the  hexapod  larvas  of  insects  ?  We  need  not  have 
been  surprised  if  this  type,  through  which  it  would  appear  that  insects  must  have 
passed  so  many  ages  since  (for  winged  Neuroptera  have  been  found  in  carboniferous 
strata),  had  long  ago  become  extinct.  I  Jut  ihe  genu^  dnnpwica  still  represented 
it.  It  seemed  to  him  also  highly  significant  that  its  mouth-parts  were  intermediate 
between  the  haustellate  and  mandibulate  types.  There  were  good  grounds,  there- 
fore, for  considering  the  various  typos  of  insects  to  have-  descended  from  ancestors 
more  or  less  resembling  the  genus  ('ampodca. 

This  ancient  type  may  have  been  posslblv  derived  from  one  loss  highly  developed, 
resembling  the  modern  Tardigrade*,  such  as  Mmrobiotus.  Further  still,  such 
genera  as  Lindia  closely  resembled  the  vermiform  type  of  larva  general  in  Diptera 
and  occurring  in  other  group*.  There  was  reason  to  think  that  amongst  insects 
the  segments  preceded  the  appendages  in  appearance,  which  was  the  reverse  of 
what  was  the  case  in  Crustacea,  although  this  stage  of  development  might  have 
eluded  observation  from  its  traiisitoriness.  Frit/>  Mailer  and  others  considered  the 
vermiform  typo  of  larva  more  recent  than  tho  hexapod.  Considering,  howo\  or, 
that  the  vermiform  type  was  altogether  lower  in  orgam/ationand  less  ditferentiated 
than  tho  C<impo<hti  (hexapod)  form,  he  considered  that  the  latter  was  derived  from 
vermiform  ancestors;  and  Nicolas  Wngnor  had  .^hovui.  in  the  case  of  a  small  gnat 
allied  to  Cccidomyia,  that  these  ^  ermiform  larva*,  still,  in  some  cases,  retain  reproduc- 
tive powers.  Such  a  Ian  a  very  elosoly  resembled  some  of  the  Kotatoria,  such  as 
Lintiia,  in  which  both  cilia  and  legs  were  altogether  absent,  lie  agreed  with 
Herbert  Spencer  in  regarding  this  \ermiform  typo  as  the  result  of  a  modified 
segmentation.  For  the  next  descending  stage  we  must  look  amongst  the  Infusoria. 
Other  forms  of  Kotatoria,  such  as  the  ^very  remarkable  Pcdttlion  discovered  last 
year  by  Mr.  Hudson,  seemed  to  lead  to  Crustacea  through  the  Xauplius  form. 
(Tho  true  worms  appeared  to  constitute  a  separate  branch  of  the  animal  kingdom.) 

Probably,  again,  in  some  such  forms  as  Ilackel's  Matjosph<cru  and  Protamocba, 
the  primitive  ancestors  of  even  such  lowly  organised  types  as  Macrobiotic  and 
Limtia  must  be  looked  for.  And  if  it  wore  said  to  be  incredible1  that  even  the 
lapse  of  geological  time  should  have  been  auilieient  to  bridge  over  the  immense 
interval  between  such  creatures  as  these  and  Campodni,  or  even  the  Tardigrades, 
we  might  consider  what  happened  under  our  eyes  in  the  development  of  each  one 
of  those  creatures  in  the  proverbially  short  space  of  an  insect's  individual  life.  Tho 
development  of  the  egg  of  a  Tardigrade  went  through  the  same  course  as  the 
Magosphara;  and  from  the  cells  which  were  tho  result  of  the  process  of  yolk- 
segmentation,  the  body  of  the  Tardigrade  was  built  up.  Similar  processes  occurred 
iu  the  development  of  many  other  species  belonging  to  most  distinct  groups. 
Yolk-segmentation  occurred  in  Kntozoa,  in  llotifem,  Kehinodermnta,Mollusca,and 
Vertebrata,  as  was  illustrated  by  the  diagrams  which  were  shown.  It  was  true 
that  yolk-segmentation  was  not  universal  in  the  animal ;  kingdom  but  its  absence 
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schools.  Ho  hoped  that  this  provision  would  be  fairly  carried  out,  and  thaj;  a  due 
proportion  of  time,  of  the  scholarships,  and  of  the  exhibitions  would  be  devoted  to 
natural  science.  It  was  only  fair  to  say,  with  regard  to  private  schools,  that  they 
had  little  choice  of  action  until  the  universities  and  great  schools  led  the  way.  A 
deputation  of  the  Council  had  waited  on  Mr.  Forster,  to  urge  the  importance  of 
the  introduction  of  natural  science  into  the  elementary  schools  also  of  the  country. 
The  Government  had  distinctly  abandoned  the  principle  that  primary  education 
should  be  confined  to  reading,  writing,  and  arithmetic  ;  but  little  had  been  effected 
as  yet  for  the  practical  introduction  of  scientilic  instruction.  The  experience  of 
Dean  Dawes  and  Prof.  Henslow  had  conclusively  shown  the  aptitude  of  the 
children  for  such  instruction;  and  he  rejoiced  to  see  that  the  School  Boards  of 
London  and  Liverpool  had  determined  on  the  introduction  of  elementary  science 
into  all  schools  under  their  control.  If  it  was  objected  that  this  could  only 
amount  to  a  smattering,  it  might  well  be  asked,  who  has  more  ?  Those  who  are 
most  advanced  in  knowledge  know  best  how  slight  this  knowledge  is.  Indeed 
every  fresh  observation  opens  up  new  lines  of  inquiry.  Kvery  biologist  would 
admit  the  impulse  to  research  wnich  had  been  given  by  the  publication  of  Mr. 
Darwin's  (  Origizi  of  Species.'  Yet  it  was  surprising  how  much  fundamental  mis- 
apprehension still  surrounds  Mr.  Darwin's  views.  Thus  Browning,  in  one  of  his 
most  recent  poems,  said  :— 

That  mass  man  sprung  from  was  a  jelly  lump 
Once  on  a  time ;  he  kept  an  after  course 
Through  fish  and  insect,  reptile,  bird,  or  beast, 
Till  ho  attained  to  be  an  ape  at  last, 
Or  last  but  ono. 

It  was  hardly  necessary  to  point  out  that  Mr.  Darwin  would  be  the  first  to  repu- 
diate such  a  theorv.  These  types  of  structure  might  be  derived  from  one  origin  ; 
they  were  certainly  not  links  in  one  sequence.  It  was  ono  thing  to  recognize  in 
natural  selection  arm*  causa;  it  was  another  to  assume  that  all  animals  were 
descended  from  one  primordial  source.  As  to  the  first  alternative;  lie  could  not 
himself  feel  any  doubt ;  and  whatever  conclusion  might  be  come  to  as  to  the 
latter,  the  publication  of  the  '  Origin  of  Species  '  would  not  the  less  luuo  consti- 
tuted an  epoch  in  biology.  How  tar  the  present  condition  of  In  ing  brings  was  due 
to  natural  selection, — how  far,  on  tho  other  hand,  the  action  of  natural  selection 
has  been  modified  or  checked  by  other  natural  laws,  by  the  unalterability  of  types, 
by  atavism,  £c., — how  many  types  originally  came  into  being,  whether  they  had 
arisen  simultaneously  or  successively, — these  and  many  other  similar  questions 
remained  to  be  solved,  even  if  we  admitted  tho  theory  of  natural  selection,  All 
this,  indeed,  had  been  clearly  pointed  out  by  Mr.  Darwin  himself,  and  would  not 
have  needed  repetition  but  for  the  careless  criticism  by  which,  in  too  many  cases, 
the  true  question  had  been  obscured.  Without,  however,  discussing  the  argument 
for  and  against  Mr.  Darwin's  conclusion,  we  so  often  meet  with  travesties  of  it  like 
that  which  he  had  quoted,  that  it  might  bo  worth  while  to  consider  tho  stages 
through  which  some  one  group  (say  that  of  insects)  had  come  to  be  what  they 
were,  assuming  them  to  have  developed  from  simpler  organisms  under  the  influence 
of  natural  laws.  The  question  was  ono  of  great  difficulty.  It  was  hardly  neces- 
sary to  say  that  they  cannot  have  passed  through  all  the  forms  of  animal  life,  and 
the  true  line  of  development  would  not  be  agreed  upon  by  all  naturalists.  Almost 
every  one  would,  however,  admit  that  embryology  and  development  were  our 
best  guides.  The  various  groups  of  Crustacea,  for  instance,  however  different 
the  mature  conditions,  were  for  the  most  part  very  similar  when  they  quitted 
the  egg, 

So,  again,  in  the  case  of  insects;  the  differences  between  the  different  groups  of 
insects  were  indeed  great.  The  stag-beetle,  the  dragonfly,  the  moth,  the  bee,  tbo 
ant,  the  gnat,  the  grasshopper ;  these,  and  other  less  familiar  types,  seemed  at  first 
to  have  little  indeed  in  common.  They  di tiered  in  size,  in  form,  in  colour,  in 
habits,  and  modes  of  life;  yet,  following  the  clue  of  the  illustrious  Savignv,  it  had 
been  shown,  not  only  that  they  were  constructed  on  one  common  plan,  but  that 
other  groups,  such  as  Crustacea  and  Arachnida,  could  be  shown  to  be  fundamentally 
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similar.  If  we  compared  the  larvae,  tins  fact  became  mucli  more  OA  ideut.  It-  Imd 
been  pointed  out  by  Brauer  and  aho  by  himself  that  the  two  types  of  lame  which 
Packard  had  proposed  to  call  the  cruciform  and  leptiibrm  ran  through  the  principal 
groups  of  insects.  This  was  obviously  a  fact  of  great  importance.  If  individual  beetles 
were  derived  from  a  form  very  similar  to  that  of  the  existing  genus  Cumpodea,  it 
was  surely  no  rash  hypothesis  to  suggest  that  the  Coleoptera  as  a  group  might  bo 
so.  If  he,  were  asked  to  describe  the  insect  type,  he  would  say  it  was  an  animal 
composed  of  head  with  mouth-parts,  eyes,  and  antenme,  a  thorax  nmdd  up  of  tlirco 
segments,  each  with  a  pair  ot  legs,  and  a  many-fegmented  abdomen  with  anal 
appendages.  This,  for  instance,  would  describe  the  lima  <>f  a  small  beetle  named 
Sitaris\  and,  speakiug  generally,  it  might  be  said  that  (excepting  the  weevils) 
Coleoptera  generally  were  derived  from  larue  of  this  t\pe.  The  same  was  also 
true  of  Neuroptera,  Orthoptera,  and  Trichoptera.  The  larvre  of  Lcpidoptora,  from 
tho  large  si/.e  of  thoVbdomen,  had  been  genmdly,  and,  as  he  thought,  wrongly, 
classed  with  the  maggots  of  Jlies,  bees,  tS:c.  Tlie  three  thoracic  segments  were, 
ou  the  contrary,  marked  by  legs,  and,  excepting  greater  clumsiness  in  general 
appearance,  they  essentially  agreed  with  the  type  already  described.  No  Dipterous 
larvjo  belonged,  howe\  cr,  to  this  typo.  Insects,  thru,  widely  different  in  their 
mature  state  closely  agreed  in  their  larval  states.  Was  there  any  matuie  form 
which  also  corresponded  to  tho  hex  apod  larva*  of  insects?  We  need  not  havo 
been  surprised  if  this  type,  through  which  it  would  appear  that  insects  mint  have 
passed  so  many  ages  since  (for  winged  Xeuroptera  have  been  found  in  carboniferous 
strata),  had  long  ag;o  become  extinct.  But  the  gunus  ('timpwlea  still  represented 
it.  It  seemed  to  him  also  highly  significant  that  its  mouth-parts  were  intermediate 
between  the  haustellato  and  mandibulate  types.  Tin  TO  were  good  grounds,  there- 
fore, for  considering  the  various  types  of  insects  t->  h.ne  defended  from  ancestors 
more  or  less  resembling  the  genus  Cnmpodca. 

This  ancient  type  may  have  been  po^iblv  derived  from  one  loss  highly  developed, 
resembling  the  modern  Tardigrade*,  such  a^  Mm-ivl'iutus.  Further  still,  such 
genera  as  Lindia  closely  resembled  the  v'Tiiiil'onn  type  of  larva  general  in  Diptera 
and  occurring  in  other  group.  There  was  reason  to  think  that  amongst  injects 
the  segments  preceded  the  appendages  in  appearance,  which  was  the  reverse  of 
what  was  the  case  in  Crustacea,  although  this  stage  of  development  might  have 
eluded  observation  from  its  transitorim^s.  Frit/  Muller  jiml  other*  cm^idcrtd  iho 
vermiform  typo  of  larva  more  recent  than  the  hoxajmd.  1 1onsiderin«r, ,  however, 
that  the  vermiform  type  was  altogether  lower  in  org.mi/ationand  less  differentiated 
than  the  Cnntpodt  n  (hoxapod)  form,  he  considered  that  the  latter  was  derived  from 
vermiform  ancestors:  and  ISicolas  \Yapnor  had  SUOAAII.  in  the  case  of  a  small  gnat 
allied  to  CccidoHiyiti,  that  these  vermiform  larva1  still,  in  some  cases,  retain  reproduc- 
tive powers.  Such  a  lar\a  very  closely  resembled  some  of  the  llotutoria,  such  as 
Lintlia,  in  which  both  cilia  aiid  legs  "were  altogether  absent,  lie  agreed  with 
Herbert  Spencer  in  regarding  this  \crnriiorin  type  a<  the,  result  of  a  modified 
segmentation.  For  the  next  descending  stage  v  e  must  look  amongst  the  Infusoria. 
Other  forms  of  Uotatoria,  such  as  the  Aery  remarkable,  Pctlulion  discovered  last 
year  by  Mr.  Hudson,  seemed  to  lead  to  Crustacea  through  the  yaupltus  form. 
(The  true  worms  appeared  to  constitute  a  separate  brunch  of  the  animal  kingdom.) 

Probably,  again,  in  some  such  forms  as  Hackers  Mayosphccra  and  Prohtnwcba, 
the  primitive  ancestors  of  even  such  lowly  organized  types  as  MttcrMotits  and 
Limlia  must  be  looked  for.  And  if  it  were  said  to  bo  incredible  that  even  tho 
lapse  of  geological  time  should  Iwe  been  sufficient  to  bridge  over  the  immense 
interval  between  such  creatures  as  these  and  Campodca,  or  even  tho  Tardigrades, 
we  might  consider  what  happened  under  our  eyes  in  the  development  of  each  one 
of  these  creatures  in  tho  proverbially  short  space  of  an  insect's  individual  lite.  The 
development  of  the  egg  of  a  Tardigrade,  went  through  tho  same  course  as  tho 
Maqo*phtera ;  and  from  tho  colls  which  were  the  result  of  the  process  of  yolk- 
segmentation,  tho  body  of  the  Tardigrade  AA-OS  built  up.  Similar  processes  occurred 
in  the  development  of  many  other  species  belonging  ^to  most  distinct  groups. 
Yolk-segmentation  occurred  in  Entozon,  in  Kotifera,  Echinodermata,  Mollusca,  and 
Vertebrata,  as  Avas  illustrated  by  the  diagrams  which  AA'orp  shown.  It  \vas  true 
that  yolk-segmentation  was  not  universal  in  the  animal ;  kingdom  but  its  absence 
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might  be  attributed  to  that  suppression  of  stages  of  embryological  development 
•which  might  be  illustrated  from  many  cases  both  in  zoology  and  in  botany, 

Of  course  it  might  be  argued  that  these  facts  have  not  really  the  significance 
•which  to  him  they  seemed  to  possess,  It  might  be  said  that  when  the  Divine 
power  created  insects  they  wero  created  with  these  remarkable  developmental 
processes.  So  it  had  been  said  that  when  God  created  the  rocks  he  created  the 
fossils  in  them.  Probably  no  one  would  now  maintain  such  a  theory ;  and  he 
believed  the  time  would  come  when  the  contents  of  the  egg  and  its  developmental 
changes  would  be  held  to  teach  as  truly  the  course  of  organic  development  in 
ancient  times  as  the  contents  of  the  rocks  told  us  the  past  history  of  the  earth 
itself. 

In  conclusion,  there  was  one  matter  which  he  could  not  but  touch  upon,  but 
which  he  yot  could  not  properly  treat  at  length.  Great  anxiety  had  been  felt 
during  the  last  few  months  lest  changes  should  be  made  at  Kew  which  would 
prove  prejudicial  to  its  scientitic  work,  and  lead  to  the  retirement  of  Dr.  Hooker. 
He  felt  sure  that  he  only  expressed  the  feeling  of  the  scientific  world  when  he 
said  that  such  an  event  would  be  a  misfortune  to  science,  and  when  he  stated  lri<* 
hope  that  the  Government  would  do  nothing  to  retard  or  impede  the  valuable 
scientific  work  now  going  on  at  Kew. 


"BOTAXY. 

On  Traquairia,  a  Radiolarian  llluzopod  ft'Oin  the  Coal -measures. 

By  W.  CAIUHJTHERS,  F.R.8. 

In  the  investigation  of  a  large  series  of  sections  of  fossil  plants,  prepared  by  Mr. 
Norman,  Mr.  Carruthurs  had  detected  several  sphoric.nl  spiniferous  bodies  not 
unliko  Xantlndia,  but  having  a  very  different  structure  and  a  much  greater  size. 
The  hollow  globular  cavity  is  included  in  a  clearly  defined  structure,  which  Mr. 
Carruthers  thinks  is  a  fenestrated  shell ;  but  ho  had  not  been  able  to  secure  sections 
which  completely  established  this  point.  Beyond  thin  there  is  a  considerable 
thickness  of  a  spongy  substance  which  rises  externally  into  numerous  cones,  the 
bases  of  which  are  In  close  proximity.  From  the  apex  "of  each  cone  there  proceeds 
a  hollow  eclnnate  spine.  The  echinationg  arc  also  hollow;  and  at  the  apparent 
base  of  the  spine  these  echinations  are  produced  into  hollow  tubes,  which,  repeatedly 
branching  and  anastomosing  and  increasing  in  number  downwards,  enclose  the 
radial  hollow  spino  in  the  ma«s.  The  whole  arrangement  of  the  parts  agreed 
with  what  is  found  in  some  existing  forms  of  Kadiolarians,  especially  in  some  with 
solid  spines  ;  but  the  hollow  structure  of  these  organs  in  the  fossil  indicated  rela- 
tions with  a  small  section  of  the  recent  group.  No  certain  indication  had  yet  been 
detected  of  the  central  capsule ;  but  Mr.  Camithers  having  found  starch  and  other 
readily  perishable  substances  perfectly  preserved  in  some  fossils,  had  hopes  that  the 
central  capsule  mav  have  left  traces  behind  in  some  specimens.  Ilhizopods  of  the 
Radiolarian  type,  tmt  without  the  ccrttral  capsule,  had  been  described  by  Cien- 
kowski,  and  especially  by  Archer.  Perhaps  amongst  them  this  palaeozoic  form 
may  at  last  bo  placed,  ("hie  would  expect  it  to  be  a  freshwater  organism  ;  yet  it 
intent,  as  a  marine  animal,  indicate  the  first  trace  of  one  of  the  changes  of  level 
which  were  not  unfrequent  in  the  Carboniferous  period.  Mr.  Carruthers  had  asso- 
ciated with  this  interesting  animal  the  name  of  his  friend  Prof.  Tvaquair,  of 
Dublin,  to  whom  he  was  indebted  for  assistance  in  working  out  its  structure.  He 
proposed  to  name  it  Traquairia. 

Ramie,  a  new  Textile  Plant ;  with  Description  of  its  Uses,  Mode  of  Propa- 
gation, Cultivation,  as  practised  in  tJie  Southern  United  States  of  America. 
ity  C.  F.  DENICET. 
This  new  textile,  lately  introduced  to  agriculturists  of  the  Southern  States  of 

America,  is  a  native  of  the  island  of  Java,  and  was  first  brought  to  Europe  for 
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investigation  in  1844,  when  it  received  the  botanical  name  of  Bcehmcria 
oissima,  and,  from  the  beauty  and  strength  of  its  fibre,  obtnined  much  attention  in 
manufacturing  circles.  Since  that  time  every  encouragement  lias  been  given  to 
producers  in  the  East  Indies  to  induce  them  to  cultivate  it  in  sufficient  quantity 
to  sunply  the  demand  ;  the  result  is  that  a  considerable  quantity  is  annually  re- 
ceived in  Europe  and  manufactured  into  fabrics  of  tho  finest  quality,  excelling 
linen  of  the  iiuoat  texture  in  strength,  beauty,  and  iinish,  and  rivalling  even  silk 
in  lustre. 

The  author  then  described  the  advantages  of  Ramie  over  cotton  and  othef 
staples  now  cultivated  in  the  Southern  United  States.  He  stated  that  the  fibre, 
when  prepared  for  the  spinner,  is  beautifully  while,  soft,  and  glossy,  closely  resem- 
bling floss  silk  in  apnearauce  —  that  it  is  stronger  than  the  best  11  ax,  mid  readily 
receives  the  most  difficult  dyes  without  injury  to  its  strength  or  lustre. 

A  detailed  account  was  also  fuven  of  the  mode  of  propagating  and  harvesting 
the  plant. 

0,i  the  Cotus  of  Pinu«  pinaster.     Tty  Prof.  DTCKSOX. 

The  author  called  attention  to  a  series  of  cones  of  l^htus  pinaster,  exhibiting 
transitions  from  one  spiral  system  to  another  by  what  ha-»  been  called  "  con- 
vergence of  secondary  spirals."  Such  transitions,  he  pointed  out,  were  due  to  the 
fusion  of  two  consecuthe  scales  in  some  one  of  the  secondary  spirals.  This  fusion 
of  two  scales  dues  not  produce  any  disturbance  in  the  set  of  secondary  spirals  in 
which  it  occurs,  but  causes  a  definite*  diminution  in  the  number  of  all  the  other 
sets  of  secondary  spirals.  The  undisturbed  set  of  secondary  spirals,  as  running 
continuously  through  the  two  sj  >tems,  Prof.  Dirk^m  terms  "constants."'  That 
the  above  explanation  of  tho  phenomenon  of  convergence  is  really  correct  he  holds 
to  be  virtually  proved  :  —  1st,  by  the  fact  that  in  a  j»ood  many  Va*ea  a  distinctly 
double  scale1,  formed  by  coalescence  of  the  two,  actually  occur?  at  the  point  of  con- 
vergence ;  ihid,  that  all  gradations  of  fusion  from  n  distinctly  double  to  apparently 
single  scale  occur;  and,  .*Jrdf  that  in  «//  ca>e*  of  iran>itiou  by  convergence,  whether 
with  or  without  u  distinctly  double  f-cale,  the  iv-'ultinjr  spiral  is  invariably  iden- 
tical with  that  which,  if  the  system  of  the  lower  spiral  and  the  number"  of  the 
constants  be  given,  would  theoretically  result  from  fusion  of  the  consecutive 
scales  in  one  of  tho  constants.  * 


Gn  Sligmnriie  yVorn  tJte  Fopstfifcrous  Rlradt  at  A 

J3y  Prof.  lhcx  sox. 

Tho  author  exhibited  a  number  of  larpc  Mifinwrirr1  obtained  by  him  from  tho 
fossiliferous  strata  intercalated  between  beds  of  various  traps  (Porphyrile,  tircen- 
stone,  &e.)  at  Aucluintorlie,  near  Bowling,  on  the  river  Chile.  These  appeared 
for  the  most  part  to  occur  in  niudstone,  which  doubtless  represents  the  soil  in 
which  these  rhizomes  wen*  imbedded.  The  fossil-*  in  question  hud  their  structure 
beautifully  presened  by  initiation  with  calcium  carbonate.  Besides  plant- 
remains  in  the  mudstonrs,  shales,  and  impure  coal  of  this  locality,  there  occur  in  the 
shales  (as  has  been  pointed  out  by  Mr.  John  Young  of  (ilapgow)  the  teeth  and  scales 
of  Lower-Carboniferous  fi«hos  referable  to  the  genera  PaftrwiiwH*  and  A 


Cn  Phylloxera  vnstatiix.  ft  if  Prof.  TmsuTox-IhTK,  Tt.A.,  7?.£V. 
The  author  gave  a  brief  account  of  the  rnvngrs  which  this  insect  is  producing 
in  the  vineyards  of  Europe,  entailing,  in  many  cases,  their  complete  destruction. 
From  a  recent  dispatch  to  the  Foreign  Office  it  appeared  that  the  Phylloxera  had 
now  reached  Portugal — one  vineyard  producing  an  average  quantity  of  CO  pipe* 
produced  only  two,  owing  to  its  effects.  It  was  not  too  much  to  say  that  one  of 
the  most  important  cultures  in  Europe  was  seriously  menaced.  The  Phylloxera 
was  of  North- American  origin.  It  was  a  conspicuous  instance  of  the  well-known 
fact  that  organisms  which  in  their  native  homos  were  kept  in  tbcck  by  the 
stress  of  competition,  increased  in  an  altogether  disproportionate  rate  when  trans* 
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ported  to  new  situations  where  the  struggle  waa  absent.  The  Rev.  M,  J.  Berkeley 
believed  that  he  had  lately  ascertained  the  connexion  of  a  hitherto  mysterious 
disease  of  the  roots  of  peach-trees  with  au  insect  very  sinvlar  to  the  Phylloxera* 


On  the  Flora  of  Moa1*.     By  A.  W.  HAYNE,  M.A. 

The  2-50  plants  found  in  Moab  from  the  beginning  of  February  to  the  middle  of 
March  belong  to  58  natural  orders,  of  which  by  far  the  best  represented  are : — Legu- 
minosae  with  35  species,  Composite  and  Crucifera?  each  with  20,  and  Graminacero 
23.  The  remainder  belonged  to  Liliacerc,  Scrophulnriacca?,  Labiatro,  Boraginaccje, 
Umbelliferne,  £c.  From  the  great  abundance  of  springs,  the  eastern  shore  of  the 
Dead  Sea  is  comparatively  fertile.  The  most  conspicuous  difference  which  results 
is  the  abundance  of  the  date-palm,  of  which,  on  the  west,  only  a  single  clump  sur- 
vives near  Jericho. 


Summary  Analysis  of  the  Flora  of  Sussex  (P/uenoyams  and  Fcnis). 
%  W.  B/HEMSLEY. 

The  total  number  of  indigenous  specie6*  (after  Babington's  'Manual ')  is  about 
1000.  This  number  would  be  reduced  by  about  100  if  we  take  Hooker's  '  Student's 
Flora '  for  our  authority  on  species. 

To  the  above  number  we  may  add  59  fully  established   introduced  species, 
bringing  the  total  up  to  1054). 
Separating  this  number  into  the  three  primary  divisions,  we  have:  — 

Dicotyledons 77(5  species,  or  7%"2£  per  cent. 

Monocotyledons    2oO         ,,  U.'VOl         „ 

Acotyledous ,'5,'J        „  3-11        ,, 

lOoO  100*00 

Herbaceous  species   J).'J7         „          ^  -17  por  cent. 

Woody  specie^ \'2'2        ,,  11  •»>.'}        „ 

1051)  100-00 


Perennial  species 7^7         „          72-42  per  cent. 

Annual  or  biennial  species i'0:J         ,,  '27 '5S        „ 

10-y.)  100-00 

A  few  of  the  more  interesting  features  of  the  Flora  are  :— number  of  species  to 
ea  (14(J1  square  miles),  species  peculiar  to  certain  formations,  maritime  specie*, 
id  rare  species,  especially  those  of  the  l(  Atlantic  ''  and  ik Scottish'1  types. 


Maritime  and  salt-marsh  species  ..................  70 

Peculiar  to  the  chalk     ..........................  50 

Essentially  bog-plants  ..........................  3(5 

Aquatic  and  marsh  -plants    ......................  21  3 


area 
and 


Amongst  rare  water-  and  marsh-plants  may  be  mentioned  :—  lAnardin  pnhtttrix, 
Jjiinnantheinwn  nyniph&oide*)  Scuynts  carituitus^  8.  triqueterj  and  Potamoycton 
acutifoliiis* 

•  Belonging  to  the  "  Scottish  "  type   of  Watson  :  —  *Pyrola  media,  *Ifabentirm 
allida,  and  *Festw.a  sylvatica,  with  several  others,  all  very  rare  and  local. 

Cicendia  filifornm,  *Kibthorpia  europaa,  *Vicialufoa9  Bartsia  risco&a,  *  Genista 
pilosa,  and  Mdittis  Mdiswphyllum  may  be  noted  as  south-western  types  extending 
to  Sussex, 

Alchemilla  vulyaris  and  Carex  montana  are  interesting  on  account  of  their  distri- 
bution. 

A  prominent  feature  of  the  Wealden  flora  is  the  extent  of  heath  land  and  the 
great  size  the  heath  attains. 
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The  apparent  absence  of  Hypericum  montammi,  Saxifraga  granulata,  Chrytospk- 
nium  allcrni folium,  Pyrola  minor,  Pinf/uicula  vulgaris,  and  about  CO  other  species 
found  in  adjoining  counties  is  noteworthy. 

The  species  peculiar  to  the  county  are  PJiytewna  spicatnntt  Lonicera  xylostcutn, 
and  Trifolium  stellatum,  neither  of  which,  however,  is  admitted,  without  question, 
as  being  indigenous,  though  there  can  be  little  doubt  of  the  first.  The  second, 
Babington  says,  is  indigenous,  and  the  last  is  generally  considered  a  ballast  in- 
troduction, but  it  has  held  its  ground  tor  upwaids  of  half  a  century. 

[Species  preceded  by  an  asterisk  are  not  found  in  the  adjoining  counties.] 


On  some  Specimens  of  Tortilla  inchiiatu.  By  Prof.  LAWSON, 
The  author  said  that  Prof.  Lindberg,  while  staying  at  Oxford,  was  good  enough 
to  go  through  his  collections  of  Mosses  and  correct  all  those  that  were  wrongly  named. 
Amongst  other  mistakes, Prof.  Lindberg  detected  this  specie^,  which  was  new  to  the 
J British  Isles,  mixed  up  with  specimens  of  Tortida  tortuuxa.  This  specimen,  Prof. 
Lawsou  explained,  had  been  gathered  by  himself  two  years  ago,  growing  on  the 
sides  of  the  rocks  in  the  old  stone-pits  at  llolton,  about  four  miles  from  Oxford, 
rmd  had  been  confounded  by  him  with  T.  turfnow.  He  briefly  described  the  points 
in  which  these  two  very  closely  allied  specie^  differed,  and  expressed  an  opinion, 
founded  upon  iis  geographical  distribution,  that  now  the  attention  of  bryologista 
was  called  especially  to  it,  it  would  be  found  elsewhere  in  Britain. 


On  a  c urions  Elm.     Jhj  M.  M<«.Gunxu;. 

This  was  an  elm  growing  in  Kensington  Garden*,  near  the  Engine  House  at  the 
head  of  the  Serpentine.  Its  h»»i«ht  VN  as  oo  feet  and  circumference  7  inches.  At  the 
height  of  about  8  feet  from  the  ground,  above  a  decayed  portion  of  the  trunk,  a 
mass  of  aerial  roots  d'i?ccnded  to  the  ground  without  further  contact  with  the  trunk. 


On  the  Mrndni\  and  Dticlupmcnt  o/Mitraria,  7ty  Prof.  ALLMAX,  J^.It.ti. 
.Several  specimens  of  the  remarkable  larval  form,  to  which  Johann  Muller  gave 
the  name  of  Mtinin'a,  were  obtained  by  Prof.  Alluinn  in  the  Gulf  of  Spezzia,  and 
were  made  the  subject  of  careful  study  of  striu  ture  and  development.  Mecznikoff 
had  recently  examined  another  species  of  the  same  form  ;  and  the  author  was 
enabled  to  confirm  the  main  result  arrived  at  by  him,  that  Mitraritt  was  the  larval 
form  of  an  annelid.  Tn  some  fundamental  points,  however,  regarding  the  pro- 
cess of  de^ elopment,  his  observations  did  not  npnewith  those  of  the  Russian 
zoologist;  'svlnlo  in  structure  there  are  some  important  features  which  have  not 
been  described  by  either  Muller  or  Mecxni)\off — differences  which  may,  in  some 
cases  at  least,  depend  on  actual  differences  between  the  species  examined. 

The  nervous  system  is  well  developed,  and  consists  in  the  principal  central  por- 
tion of  a  large  quadrilateral  ganglion,  formed  by  the  union  of  two  lateral  ones,  and 
situated  on  the  summit  of  the  transparent  dome-like  body  of  which  the  larva 
mainly  consists.  From  this  two  very  distinct  chords  are  sent  downwards,  so  as  to 
form  "a  pair  of  commissures  with  two  small  ganglia  which  are  situated  at  tho 
opposite  side  of  the  alimentary  canal.  Besides  these,  two  other  small  ganglia 
exist  in  the  walls  of  the  dome  at  the  oral  side  of  the  great  apical  ganglion,  and 
two  similar  ones  at  the  aboral  side  ;  these  send  off  numerous  filaments,  which 
dive  at  once  into  the  walls  of  the  dome,  while  each  sends  off  a  long  filament  to  tho 
region  where  the  alimentary  canal  begins  to  bend  downwards  towards  its  aborel 
termination,  The  great  apical  ganglion  supports  two  sessile  ocelli,  with  pigment 
and  lens,  and  two  small  spherical  vesicles,  each  containing  a  clear  spherical  cor- 
puscle, These  last  the  author  regards  as  auditory  capsules. 
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A  system  of  vessels  (probably  water-vasculaf)  was  also  described.  This  con- 
*ist8  mainly  of  a  sinus  which  surrounds  the  ^reat  apical  ganglion,  and  sends  off 
throe  branches,  which  run  in  a  radial  direction  in  the  walls  of  the  dome,  two 
lateral  and  one  aboral,  and  appear  to  open  into  a  sinus  which  surrounds  its  base. 

In  the  progress  of  development  the  aboral  end  of  the  alimentary  canal  becomes 
elongated  in  the  direction  of  the  axis  of  the  dome,  carrying  with  it  the  walls  of 
the  base  of  the  dome,  which  are  to  form  the  proper  body-walls  of  the  future  worm  ; 
and  in  this  way  a  long  cylindrical  appendage  becomes  developed,  and  hangs  from 
the  central  point  of  the  base.  At  tirst  there  is  no  trace  of  segmentation;  and  this 
is  subsequently  induced  on  the  cylindrical  body  of  tile  worm  by  the  formation  of 
consecutive  annular  constructions. 

The  process  of  development,  as  observed  by  the  author  in  the  species  of  Mitraria 
examined  by  him,  thus  differs  in  several  points  from  that  observed  by  Mecznikoif. 
Among  these  the  most  important  is  that  the  ventral  side  of  the  worm  is  formed 
simultaneously  with  the  dorsal  instead  of  subsequently  to  it  and  independently  of 
it,  as  in  the  case  described  by  Mecznikoff  The  development  of  the  worm  was  not 
traced  to  the  ultimate  disappearance  of  the  dome-like  body  of  the  larva. 


On  some  point?  m  the  Development  of  Yorticellidoc.    Ky  Prof.  ALLMAN,  F.R.S. 
The  author  described,   in  a  beautiful  branched  and  clustered  Vorticellidan,  a 

Srocess  different  from  any  which  bad  been  recorded  by  those  observers  who  had 
escribed  the  so-called  encysting  process  and  the  behaviour  of  the  "  nucleus  "  m 
the  Vorticollidrc. 

In  almost  evi  ry  cluster  some  of  the  zooids  composing  it  had  become  greatly  altered 
in  form  ;  they  had  increased  in  size,  and  instead  of  the  bell-shaped  form  of  the 
others,  had  assumed  a  globular  shape,  and  had  lost  both  oral  orifice  and  ciliary 
apparatus,  while  their  supporting  peduncle  had  ceased  to  be  contractile.  In  the 
younger  ones  the  contractile  space  of  the  unchanged  zooid  was  still  very  evident, 
'but  was  fixed,  showing  no  tendency  to  alteration  of  size,  and  the  so-called  nucleus 
was  very  distinct  and  larger  than  in  the  ordinary  zooids.  The  \\  hole  hud  become 
enveloped  in  a  transparent  gelatinous-looking  imestmeut. 

In  a  slightly  more  advanced  stage  another  envelope,  in  the  form  of  a  browa 
horny  capsule,  begins  to  be  secreted  between  the  proper  wall  of  the  zooid  and  the 
external  gelatinous  investment.  It  is  at  first  thin  and  smooth,  but  it  gradually 
acquires  considerable  thickness,  and  becomes  raised  on  its  outer  surface  into  ridges 
enclosing  hexagonal  spaces. 

In  this  stage  the  capsule  has  become  too  opaque  to  admit  of  a  satisfactory  view 
into  its  interior ;  but  if  the  capsule  be  carefully  opened,  its  contents  may  be  libe- 
rated so  as  to  render  apparent  their  real  nature.  It  will  be  then  seen  that  theso 
consist  of  a  minutely  granular  semifluid  plasma  surrounding  the  "  nucleus,"  which 
has  much  increased  in  size  and  occupies  a  large  portion  of  the  cavity  of  the  cap- 
sule. The  cojiditiomof  the  contiactile  space  could  not  be  determined;  it  has  pro- 
bably altogether  Disappeared. 

In  a  further  stage  the  "  nucleus"  has  undergone  an  important  change  ;  for  in- 
stead of  the  long  cylindrical  form  it  had  hitherto  presented,  it  has  become  irregu- 
larly branched,  has  acquired  a  softer  consistence,  arid  has,  moreover,  broken  itself 
up  mfr)  two  or  more  pieces.  This  change  in  the  "  nucleus  "  is  invariably  accom- 
panied by  the  appearance  of  nucleated  cell-like  bodies,  which  are  scattered  through 
the  corpuscular  plasma  which  had  tilled  the  rest  of  the  capsule ;  they  are  of  con- 
siderable size,  of  a  spherical  form,  and  with  their  nucleus  occupying  the  greater 
part  of  their  cavity,  and  having  its  nucleolus  represented  by  a  cluster  of  granules, 

In  obher  capniles,  apparently  the  more  advanced,  no  trace  of  the  so-called  nu- 
cleus of  the  vorticella-body  could  be  detected ;  and  it  seems  to  be  entirely  replaced 
byjthe  spherical  nucleated  culls,  which  had  now  still  further  increased  in  number. 
It  is  impossible  not  to  regard  these  cells  as  the  result  of  the  disintegration  of  the 
"nucleus ;"  and  the  conclusion  is  a  legitimate  one  that  they  are  finally  liberated  by  tho 
natural  dehisce  rice  of  the  capsule,  and  become  developed  into  new  Yorticellidaus, 
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On  the  Structure  of  Noctiiuca.    By  Prof.  ALLMAN,  FJLS. 

The  author  gave  an  account  of  some  researches  he  had  made  on  Noctiluca  mili* 
am.  They  were  mostly  confirmatory  of  the  results  arrived  at  by  other  observers, 
more  especially  by  Krohn,  Quatrefages,  Busch,  Huxley,  and  Webb,  while  they 
further  served  to  supplement  tho  observations  of  these  zoologists. 

At  one  end  of  tne  meridional  depression  is  the  vibratile  fiagellum  with  the 
mouth  at  its  base  ;  and  here  the  depression  becomes  quite  superficial,  while  the 
opposite  end  is  much  deeper,  nnd  is  here  abruptly  terminated  by  a  vertical  wall. 
Just  outside  of  this  deep  end  of  the  depression  there  commences,  by  a  funnel- 
shaped  enlargement,  a  very  slightly  elevated  ridge  of  a  iirmer  consistence  than  the 
rest  of  the  body ;  it  terminates  abruptly  after  running  down,  in  a  meridional  direc- 
tion, over  about  one  third  of  the  circumference  of  the  body.  The  author  had 
reason  to  believe  that  this  ridge  is  traversed  in  its  length  by  a  canal  which  opens 
close  to  tho  aboral  extremity  of  the  meridional  depress,io*n  by  a  funnel-shaped 
orifice.  The  mouth  loads  into  a  short  cylindrical  gullet ;  and  the  author  confirmed 
the  existence  of  the  vibratile  oilium  contained  within  tho  gullet,  as  originally  de- 
scribed by  Krohn,  and  of  the  ridge,  with  its  projecting  tooth,  described  by  Huxley 
as  existing  in  the  gullet-wnlls.  The  lloor  of  the  gullet  is  formed  by  the  central 
masa  of  protoplasm,  here  naked  and  in  direct  contact  with  the  surrounding  medium. 
The  vibratile  cilium  springs  from  this  floor  ;  and  near  the  root  of  the  ciliuni  is  a 
depression  in  tho  floor,  which  can  be  followed  for  a  little  distance  into  the  pro- 
toplasm. 

Besides  the  well-known  branching  processes  which  radiate  from  the  central  masa 
of  protoplasm  to  tho  walls  of  the  body,  there  H  also  sent  oil' from  the  central  masa 
abroad,  irregularly  quadrangular  process,  which  extends  to  the  outer  walls,  where 
it  becomes  attached  along  the  line  of  the  superficial  meridional  ridge.  The  lower 
free  edge  of  this  broad  process  has  the  form  of  a  thickened  border,  and  at  its  upper 
edge  it  becomes  continuous  with  a  plate-like  striated  structure,  which  tho  autaor 
regarded  as  representing  a  duplicature  of  the  body-walls. 

In  contact  with  the  central  protoplasm  is  the  nucleus,  a  clear  spherical  body 
about  >rtl(M)  of  an  inch  in  diameter. 

The  ^body-wall*  are  composed  of  two  layers—an  external  thin,  transparent,  and 
struct uivleU  membrane,  and  an  internal  thin  granular  layer  of  protoplasm,  which 
lilies  tho  structureless  membrane  throughout  its  whole-  extent,  and^ which  receives 
the  extremities  of  the  radiating  processes  from  the  central  ma^s.  Under  the  action 
of  iodine  solution  and  other  reagents,  the  protoplasmic  layer  may  be  seen  to  detach 
itself  from  the  outer  structureless  membrane,  and,  along  with  the  radiating  bands, 
contract  towards  the  centre.  It  admits  of  an  obvious  comparison  with  the  pri- 
mordial utricle  of  the  vegetable  cell.  ,  .  r,  J 

Tho  flagellum,  which  is  given  off  close  to  the  margin  of  the  mouth,  is  a  flattened 
band-like'organ,  gradually  narrowing  towards  its  free  extremity,  and  with  its  axis 
transversely  striated  like  a  voluntary  muscular  fibre  throughout  its  whole  length. 
Jt  seems  to  have  the  power  of  elevating  its  edges,  so  ns  to  render  one  of  its  surfaces 
concave,  and  thus  becomes  converted  into  a  seinitube,  which  may  assist  in  the 
conveyance  of  nutriment  towards  tho  mouth.  . 

The  nucleus  is  a  spherical  vesicle,  with  clear  colourless  contents,  among  which 
minute  transparent  oval  corpuscles  may  usually  be  detected,  "When  acted  on 
by  acetic  acid,  the  difference,  between  the  contents  of  tho  vesicle  and  its  wall  be- 
comes very  apparent;  and  the  contents  may  now  be  seen  accumulated  towards  the 
centre  as  a  minutely  granular  mass,  with  some  of  tho  oval  corpuscles  entangled 

The  radiatin^  offsets,  which  extend  from  tho  central  protoplasm  to  the  peri- 
pheral layer,  contain  well-defined  clear  corpuscles,  which  .-lowly  change  their  rela- 
tive places  ns  if  under  tho  influence  of  very  feeble  currents.  1  hese  orlsets,  indeed, 
closely  resemble  the  radiating  protoplasm-filaments  which  extend  from  the  proto- 
plasm surrounding  tho  nucleus  to  the  walls  of  the  primordial  utricle  in  the  vege- 
table cell  The  peripheral  layer  contains,  scattered  through  it,  numerous  minute 
cell-like  bodies:  these  are  spherical  and  of  various  sizes;  m  tho  larger  ones  a 
distinct  central  nucleus  may  be  detected, 
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It  is  scarcely  correct  to  regard  the  central  mass  of  protoplasm  as  a  true  stomach. 
The  author  had  failed  to  find  any  evidence  of  a  permanent  gastric  or  somatic  cavity  ; 
Tind  he  regarded  the  protoplasm  mass  to  which  the  gullet  leads  as  representing  tlie 
"  parenchyma  "  of  the  Infusoria,  and,  like  this,  allowing  of  the  solid  food  being 
forced  down  into  it  from  the  gullet  and  there  encysted  in  extemporaneously  formed 
vacuoke.  The  food  also  frequently  forces  its  way  from  the  central  mass 'into  the 
radiating  processes ;  and  diatoms  and  other  microscopic  organisms  may  be  seen  in 
these  processes  enclosed  in  cyst-like  dilatations  of  them,  extemporaneously  formed 
for  their  reception  at  various  distances  from  the  central  protoplasm. 

It  was  considered  probable  that  the  canal  which  seems  to  exist  in  the  superficial 
ridge  ailbrds  exit  for  certain  effete  matters,  which  may  he  conveyed  to  it  through 
the  process  by  which  it  is  kept  in  connexion  with  the  central  protoplasm. 

Our  knowledge  of  the  phenomena  of  reproduction  and  development  in  Noctihica 
is  still  veryjmperfect,  and  the  author  saw  little  which  seemed  capable  of  throwing 
additional  light  on  this  subject.  He  regarded  it,  however,  as  probable  that  the 
nucleated  cell-like  bodies  which  are  present  in  the  peripheral  layer  of  protoplasm 
have  a  reproductive  function,  and  are  destined  after  liberation  to'become  developed 
into  new  individuals. 

From  the  account  now  given  it  will  be  apparent  that  Noctihtca  consists  essen- 
tially of  an  enormously  vacuolated  protoplasm,  involving  a  nucleus  and  enclosed 
in  a  structureless  sac,  the  vacuolation  taking  place  to  such  an  extent  as  to  separate 
the  contents  into  a  peripheral  layer  of  protoplasm  which  remains  adherent  to  the 
outer  sac,  and  into  a  central  mass  which  is  kept  in  communication  with  the  peri- 
pheral layer  by  processes  of  protoplasm  which  pass  from  one  to  the  other.  The 
author  belie\ed  that  the  nucleus  of  Noctihtca  had  a  significance  different  from  that 
of  the  so-called  nucleus  of  the  ordinary  Infusoria,  and  that  it  admitted  of  a  closer 
comparison  with  the  true  cell-nucleus  lie  was  of  opinion  that  the  nearest  ally  of 
Noctihtca  would  be  found  in  the  somewhat  anomalous  infusorial  genus  Pvridinia. 

In  conclusion  the  author  detailed  some  observations  he  had  made  on  the  lumi- 
nosity of  Noctihtca ;  and  he  gave  reasons  for  maintaining  that  the  seat  of  the,  phos- 
phorescence is  entirely  confined  to  tho  peripheral  layer  of  protoplasm  which  lines 
the  external  structureless  membrane. 


0))  tlic  Structure  of  Edward&ia.     By  Prof.  ALLMIN,  F.R.8. 

The  structure  of  this  beautiful  little  Aetinozoon  differs  in  many  important  points 
from  that  of  both  the  Zoantharian  and  Alcyonarian  polypes.  It  was  shown  that 
just  within  the  mouth  the  walls  of  the  stomach-sac  project  into  the  cavity  of  tho 
sac  in  such  a  way  as  to  form  eight  complicated  frill-like  lobes — that  the  eio-ht 
vertical  radiating  lamella)  which  project  into  the  body-cavity  from  the  outer  walls 
and  are  composed  of  parallel  longitudinal  fibres  enclosed  between  two  membranous 
layers,  do  not  reach  the  stomach-sac  in  any  part  of  their  course— and  that  eight 
strong  muscular  bun  dies  pass  symmetrically  through  the  whole  length  of  the  body- 
cavity,  being  attached  at  one  cud  to  the  disk  which  carries  the  tentacles,  and  at 
the  other  to  the  floor  of  the  body-cavity,  while  they  are  free  in  their  intervening 
course. 

Attached  along  the  length  of  about  the  posterior  half  of  each  muscular  bundle  is 
the  long  sinuous  generative  band,  with  its  chord-like  craspedum  loaded  with  thread- 
cells.  Just  before  terminating  at  tho  lower  opening  of  the  stomach-sac  each  of  the 
eight  generative  bands  enters  a  most  remarkable  pectinated  organ,  which  appears  to 
be  quite  unrepresented  in  any  other  group  of  the  Cuelenterata.  It  was  diflfcult  to 
suggest  the  true  significance  of  these  organs  ;  their  relation  to  the  generative  bands 
might  lead  to  the  belief  that  they  are  testes,  or  they  maybe  analogous  to  the  so-called 
cement-glands  which  exist  near  the  outlet  of  the  oviducts  in  some  of  the  lower 
animals.  In  this  case  they  might  supply  some  additional  investment  to  the  ova 
at  the  time  of  extrusion. 

The  author  regarded  Xkhcard&ia  as  presenting  a  very  distinct  t)pe  of  actinozoal 
structure,  which  occupies  an  intermediate  position  between  that  of  the  zoantharinn 
and  that  of  the  alcyonarian  polypes,  He  also  compared  it  with  the  extinct  rugose 
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corals  of  the  palaeozoic  rocks,  to  which  it  corresponds  in  the  numerical  law  of  its 
body-segments/and  of  which  it  might,  in  some  respects,  be  regarded  as  a  living  nou* 
coraligenous  representative. 

On  the  Structure  of  Cyphonautcs.     By  Prof.  ALLMAN,  F.R.8. 

This  remarkable  little  organism,  whose,  structure  and  ultimate  destination  have 
been  variously  described  by  difierent  observers,  was  obtained  by  ths  author  in 
considerable  abundance  in  Moray  Firth.  The  animal  is  enveloped  in  a  mantle, 
and  the  whole  enclosed  in  a  delicate,  transparent,  structureless  test  formed  by  two 
valve-like  triangular  plates,  which  are  in  contact  along  two  edges,  and  separated 
from  one  another  by  a  narrow  intenal  along  the  third.  Its  form  is  thus  that  of  a 
very  much  compressed  pyramid.  The  author  distinguishes  by  the  term  base  the 
broader  edge  wnere  the  two  plates  of  the  test  are  separated  from  one  another, 
while  the  other  two  edges  are  distinguished  as  the  anal  and  nbanal  edges.  The 
apex  is  the  angle  opposite  to  the  ba-<e  ;  and  here  a  narrow  passage  exists,  through 
which  the  fleshy  walls  of  the  mantle  are  brought  into  immediate  contact  with  the 
surrounding  water. 

In  the  base  are  two  large  o\al  openings,  one  (the  larger)  r-ituatcd  towards  the 
anal  edge,  and  the  other  towards  the  abanal.  The  former  leads  directly  into  the 
cavity  of  the  mantle;  its  edges  are  prolonged  by  a  hollow  membranous  lobe, 
ciliuted  on  its  margin,  and  uninterruptedly  continued  round  the  anal  side  of  the 
opening,  but  deficient  on  the  opposite  side. 

A  large  part  of  the  mantle-equity  is  occupied  by  the  pharynx,  a  spacious  thin- 
walled  sac,  which  opens  into  the  mantle-cavity  by  a  long  curved  somewhat 
8-shaped  slit  with  thickened  and  ciliated  margins,  which  at  one  side  are  continued, 
in  the  form  of  two  short  ciliated  tentacles,  beyond  the  lar^e  opening  situated  near 
the  anal  side  of  the  base.  Towards  the  apex  the  plian  nx  becomes  suddenly  narrow, 
and  is  here  lined  by  vibratile  cilia,  and  marked  by  circular  stria*  which  possibly 
indicate  the  presence  of  sphincter  fibres.  It  now  turns  toward-*  the  anal  side,  and 
then  bends  downwards  towaids  the  base  and  enters  a  thick-walled  subcvlindrical 
stomach.  This  runs  towards  the  base  parallel  to  and  a  little  within  the  anal  edge 
of  the  test,  and  is  ultimately  continued  into  a  short  straight  intestine,  which  ter- 
minates by  an  anal  orifice  in  the  mantle-cavity  near  the  outer  opening  of  the  latter. 
From  the  upper  part  of  the  Avails  of  the  pharynx  a  narrow  bundle  of  fibres  passes 
to  the  apex  of  the  mantle-cavity. 

Upon  each  side  of  the  pharynx,  and  hingapainst  the  stomach  and  intestine,  is  a 
large  oval  mass.  Its  situation  would  suggest  the  probability  of  its  being  an  hepatic 
organ  ;  but  it  is  altogether  so  enigmatical  that  it  would  be  rash,  with  our  present 
knowledge  of  it,  to  insist  on  assigning  to  it  any  special  significance, 

In  contact  with  each  of  these  enigmatical  organs  is  a  small  tubercle,  from  which 
a  bundle  of  short  fibres  pass  olFin  a  radiating  direction.  The  resemblance  of  these 
bodies  to  a  pair  of  nervous  ganglia  is  obvious;  but  the  author  was  more  inclined  to 
regard  them  with  Schneider  as  indicating  point's  of  attachment  of  the  contained 
animal  to  the  two  valves  of  the  test. 

The  smaller  of  the  two  openings  in  the  base  (that,  namely,  which  is  situated 
near  the  abanal  edge  of  the  animal)  is,  like  the  other,  surrounded  by  a  hollow 
membranous  lobe  with  ciliated  margin ;  this  is  uninterruptedly  continued  round 
the  abanal  side  of  the  opening,  but  is  deficient  on  the  opposite  side.  The  opening- 
leads  into  a  special  chamber  entirely  shut  ofl'  from  the  cavity  of  the  mantle  and 
from  the  pharynx.  The  walls  of  the  chamber  are  lined  with  cilia,  and  it  has 
within  it,  or  in  immediate  connexion  with  its  walls,  two  peculiar  structures.  One 
of  these  is  a  somewhat  pyriform  organ,  which,  with  the  narrow  end  close  to  the 
orifice  of  the  chamber,  extends  from  this  point  into  its  cavity ;  it  is  composed  of 
a  mass  of  spherical  bodies.  The  other  extends  over  the  roof  of  the  chamber  in 
form  of  a  cap  :  it  consists  of  two  portions,  one  of  which  lies  directly  on  the 
walls  of  the  roof  and  has  a  transversely  laminated  structure,  which,  however,  dis- 
appears towards  the  abanal  side  of  the  chamber;  the  other  is  an  o'sal  mass  of  glo- 
bular cell-like  bo/lies,  and  lies  on  the  free  convex  surface  of  the  laminated  portion. 
Here,  again,  this  part  of  the  Cyphonautcs  is  in  the  highest  degree  enigmatical; 
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and  yet  it  is  difficult  not  to  believe  that  in  the  struct  urea  just  described  we  have 
an  ovary  and  testis  with  associated  accessory  structures. 

The  author  observed  no  further  fact  which  might  tend  to  throw  light  on  the 
ultimate  destination  of  Cyphotiautes,  and  more  especially  nothing  which  might 
tend  to  confirm  the  remarkable  views  lately  published  by" Schneider,  who  believes 
that  he  has  traced  its  development  into  the  polyzoal  Mcuibranipora pilosa.  The 
structure  is  considerably  more  complicated  than'Schnoider  seems  to  be  aware  of ; 
while  the  opinion  of  this  observer,  that  the  whole  of  the,  proper  Ci/phonautes 
structure  becomes  absolutely  obliterated,  and  the  body  of  the  animal  converted 
into  an  amorphous  mass  of  cells,  from  which  the  Membrtmipora  becomes  evolved, 
not  by  a  process  of  budding1,  but  by  a  differentiation  of  structure,  is  so  startling, 
that,  notwithstanding  the  partial  assent  lately  given  to  it  by  Nitsehe,  we  are  com- 
pelled to  wish  for  further  confirmation  of  tho  evidently  careful  observations  of  tho 
Uerraan  zoologist. 

If  the  abanal  chamber  described  above  with  its  associated  structures  really  be- 
longs to  the  generative  system  (and  it  is  hard  to  pay  what  else  it  can  be),  tho  view 
that  Cyphonautcs  is  a  polyzoul  larva  is  scarcely  tenable. 


Les  Baleines  da  Cray  (TAnvcrs.     Par  1e  Prof.  P.  J,  VAN  EKXEDEN,  LL.D, 

Les  travaux  executes  pour  IPS  fortifications  d'Anvers  ont  mis  aiijour  uue  quantito 
innombmblo  d'ossements  fossiles,  provenant  d'animaux  marina,  parmi  lesquels  les 
Cetacts  afanons  ou  les  Jfystweten  dominent  completoment. 

L'on  sait  quo  c'esfc  aur  une  dtciidue  do  plusieura  lieux  que  Ton  a  fouille  le  sol 
pendant  des  amides  et  que  ce  sol  est  le  plus  riche  ossuaire  connu  du  mondo  entier. 
Oette  abondance  d'ossemenls  entasses  rappello  qiielques  localites  ou  les  debris  de 
Ce*taces  vivants  s'accumulont  encore  tons  les  jours.  II  y  en  a  sur  les  cotes  d'Afrique  ; 
et  non  loin  do  la  cote  du  Chili,  la  petite  ile  <ie  Mocha'ost  si  riche,  sous  ce  rapport, 
dit  un  baleinier,  quo  Ton  pourrait  on  meubler  tons  les  musses  de  TEurope.  (J'cst 
ce  que  Ton  pourra  faire  eguleinent  avec  les  osseruents  fossiles  d'An\ers. 

A  cote*  de  debris  do  Sireniens  et  de  Tortues  gi^anlesques,  quo  Ton  no  trouvo  plus 
quo  dans  les  regions  tropicales,  on  y  decouvre  de,>?  restes  d'oiseaux  qui  visitent 
p.'vriodiquement  les  monies  lieux ;  des  Phoques  cnmme  les  Trichcrmfon,  qui  no 
vivent  plus  quo  dans  les  regions  polaires,  des  Gotodontos  sous  la  forme  de  Dau- 
phins a  long  rostre,  des  Ziphioules  do  toules  les  grandeurs  t^t  desCetact^s  a  fanons 
de  toutes  les  dimensions,  C'est  do  ces  derniers  quo  nous  voulons  parler  dans  ce 
moment. 

Au-dessus  d?uno  couche  d'argilo  d'une  grande,  puissance,  quo  Dumont  a  appele*e 
Kuptilicnne  (Miocene),  se  trouvont  des  banes  de  sable,  noir  d'abord,  gris  ensuite, 
jaime  ou  rouge  apres,  dont  lo  premier  re  pond  an  Diostien  de  Diunont  (Miocene),  les 
deux  autres  a  son  »Scaldisien,  c'est-A-dire  an  Crag  (Pliocene).  Au-dessus  de  cen 
sables  nous  trouvons  des  couches  qiutternaires  dana  lesquelles  on  de'couvro  assez 
abondammont  des  restes  drElephaiit,  do  Rhinoceros,  d'Oura,  d'Hyene,  do  Uenne, 
d'Elan,  et  de  Cerf  ordinaire,  etc.  etc.  II  eat  a  remarquer  que  ce  soiit,  a  quelques 
exceptions  pres,tous  animaux  terrestrcs.  Nous  avons  recueilli,  meme  nu  milieu  de  ces 
debris  d'animaux,  un  long-  couteau  do  silex  a  la  profondeur  des  couches  inftSrieures 
de  la  tourbe. 

Le  sable  en  dessous  lie  renferme  que  des  debris  d'animaux  marina.  II  corres- 
pond au  Crag  de  Suffolk;  mais,  contrairement  a  ce  qui  se  voit  en  Angleterre,  ces 
ossements  ne  eout  pas  roules  et  ils  ne  ,?ont  guere  nicies  avec  des  debris  d'animaux 
terrestres. 

On  voit  quo  les  cadavres  ont  £t6  trariquillemcnt  onfouis  sur  lea  lieux,  au'fond  d'un 
estuaire,  tandis  quo  les  ossements  trouvds  en  Angle terre  ont  dvidemnient  6t(5  pen- 
dant lonj^tomps  le  jouet  des  vagucs. 

C'est  dans  les  couches  inferieures,  ou  le  sable  noir,  que  Ton  voit  paraitre,  parmi 
les  Grace's,  les  Dauphins  a  long  rostre,  les  ISurinodelphis  de  mon  collogue  du  Bus, 
les  superbes  Xiphioiaes  qu'il  a  fait  connaitre  dans  les  Bulletins  de  I'AcadiSmie  de 
Belgique,  puis  les  Mysticetes,  c'est-a-dire  les  G^tacds  que  Ton  appette  commundment 
Baleines.  Mais  presque  toutes  ces  Baleines  sont  des  animaux  comparativement  de 
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petite  taille,  (mi  rappollent  la  Neobal&na  marginata,  signaled  par  le  Docteur  Gray 
clans  ces  dcrniers  temps,  a  lo'uest  dc  la  Nouvelie  Zelaude. 

L'on  peut  dire,  comme  pour  certains  poisons  fossiles,  quo  des  formes  animates, 
fossiles  aujourd'hui  dans  rhemisphcre  bortSal,  sont  conserves  par  quelques  reprtS- 
sentants  dans  rhdmiaphoro  austral. 

Ces  baleines  names,  de  la  liu  de  la  periode  Miocene  et  du  commencement  de  1ft 
periode  Pliocene,  sont  fort  dittereiitea  entro  elles  et  se  rapportent  respectivement 
aux  types  cunnua  actuellement,  c'est-a-dire  aux  flalftna,  Malenoptera,  et  Meyaptera. 
11  ri 'y  a  que  les  Eri^etocbtes  qui  e'<Sloignent  de  tous  ceux  que  nous  conuai&sona,  par  la 
einguliere  conformation  de  lour  maxillairo  infeYieur.  Le  condylo  articulaire  au 
lieu  de  se  trouver  an  bout,  laisse  derriere  lui  en  dessous  une  longuo  apophy.se, 

Mais  si  ces  cetaces  representent  dojii  no**  typos  actucls,  il  out  a  remarquer  quo 
c'est  par  des  espcces  uuines,  et  ceux  qui  atteignent  la  taille  de  nos  baleines 
actuelles  ne  se  trouvent  qne  dans  le  Orag  le  plus  recent. 

C'est  done,  contrairement  a  ce  quo  nous  montrent  Ks  animaux  terrestres,  pendant 
la  periode  actuelle  quo  les  cetaces  ont  atteint  leur  plus  grande  dimension.  ?ve  peut- 
on  pa>s  dire  que  c'est  aussi  dans  le  cours  des  dernieres  periodes  p^ologiquea,  que 
les  mers  PW  sont  le  plus  accrues  et  se  sont  le  plus  conipleteinent  st^parees  des  con- 
tinents? L'Atlantide  a  fait  place  h  FAtlantique,  et  de  nouvoanx  cetuces  ont  pris  des 
dimensions  en  rapport  uvec  la  nouvelle  etendue  de  leur  milieu. 


La  loi  d'aprrs  laqtiello  It's  formes  fossiles  .sont  d'autant  plus  semblables  aux 
vivantes  qu'elles  snut  plus  ivcentes,  est  parfaitemeut  obsorvee,  absolument  comme 
la  loi  d'apres  laquelle  la  taille  dos  animaux  correspond  avec  le  continent  ou  le 
milieu  qui  le*s  nourrit. 

Les  ossements  K\i  plus  abondants  i\  Anvers  appartionnent  aux  Ualfrnopteridcs 
plutot  qu'aux  lialii'iiides,  imiis  ilsforment  des  t\pes  nux([iiels  il  a  fallu  imposer  des 
norns  nouveaux.  Quelques-uus  de  ces  types  sont  connus,  et  il  y  en  a  que  Ton  a 
trouve  dejTi  dans  une  ^raiule  partio  de  1'Knrope :  en  Portugal,  en  Lombardie,  en 
Crimre,  a  Malte,  rn  Autriehe,  eu  Allemajnie,  en  An^leterre,  dans  les  Pays-Bas  et 
en  lielffique  on  u  trmivt*  clcs  lestes  de  Crfot/wrhnn. 

On  coiuitdt  cependant  aust-i  deja  quelque.s  15ulenides.  M.  Seeley  a  fait  connaitre 
depui^  1S(>.>,  le  Pahcowtus  Secl(fwickii\  et ,  j'ai  recu  ivceniinent  la  nouvelle  d'utio 
tete  de  baleino  n;iine  trou\ee  sin  fond  de  la  mer  sur  la  cote  du  Danemark. 

Nous  ne  \ous  latijriu'rons  pas  en  urns  e.xpo.saut  les  nom.s  nouveaux  quo  nous 
avons  cru  devoir  proposer  pour  cos  noirvclles  formes.  Cos  noms  so  trouvent  dans 
les  Bulletins  do  rAcudr-inie  de  JVIgiqu-'  dumois  de  Juillet  dernier  (u  Les  Baleines 
Fos^iles  d'Anvers''),  mais  jo  domandeiai  d'ajoulor  que  le  Musoe  Jioyal  d'lli.stoiro 
Naturelle  de  Bruxell(\s  roniormo  los  dilte'rents  cot  aces  determines  ju^qu'a  present, 
et  que,  ^race  an  coiKMurs  act  if  du  Directeur,  M.  Dupoiit,  tous  cte  objets  sont 
niijourd'hui  exposes  au  public.  II  y  en  a  parmi  eux,  comme  les  liahcmda  et  les 
lialcrtwtu&i  qui  y  sont  n^presentes  par  dos  tquelottes  pio>cnie  complets;  toun  ]oa 
Cctvthcrium  y  ti^ureiit  par  des  portions  de  crane,  des  os  de  1'oivilie.  des  os  maxil- 
lairos  et  des  coloimod  vertebrales. 


Call's  Losk  Salmon-  pass  or  tiu'iniwiufj-bta'n:     lly  EICHVED  GAIL. 


After  remarking  upon  the  importance  of  the  subject  of  salmon-parses,  and  the 
failure,  more  or  less  decided,  which  bad  hitherto  attended  experiments  in  erecting 
them,  the  author  went  on  to  describe  his  "  Lock  -pan*  or  JSicimf)wu/-8titir."  It  con- 
sists essentially  of  a  series  of  troughs  or  locks  arranged  like  the  stops  of  a  stair; 
they  are  kept  constantly  tilled,  and  comnmnkv.te  with  each  other  through  sub- 
merged apertures. 

The  arrangement  is  such  as  to  connect  in  a  continuous  chain  of  deep  water, 
flowing  at  a  moderate  speed,  the  upper  and  lower  levels  of  a  stream  or  river,  whether 
broken  either  naturally  by  a  fall  or  artificially  by  a  dam.  The  front  of  the  pass  is 
made  high,  so  as  to  divert  all  flood-  water  from  the  dam  or  impounded  water  into 
the  highest  lock.  The  feed-aperture  is  situated  considerably  below  the  apex  of 
the  dam,  and  is  larger  than  any  of  the  other  apertures  which  communicate  between 
lock  and  lock  ;  consequently  all  the  locks  become  full  of  water,  and  the  surplus  over- 
flows at  the  brini  of  each.  The  apertures  which  unite  the  locks  are  therefore  all 
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submerged,  and  they  constitute  a  continuous  line  of  communication  by  water  be- 
tween the  lower  and  upper  stream,  however  great  the  difference  in  level  may  be, 
a  higher  fall  merely  requiring  a  greater  number  of  locks  than  a  lower.  To  mo- 
derate the  velocity  of  the  flow  of  water  through  the  trough-aperture,  the  apertures 
are  not  placed  in  continuous  line,  but  diagonally  opposite,  with  small  jetties.  The 
difference  in  level  between  each  lock  will  generally  bo  about  15  inches,  and  the 
size  of  the  locks  0  or  7  feet  square  ;  the  area  of  the  trough-apertures  about  1  foot, 
that  of  the  feed-apertures  being  about  one  fourth  larger.  "VVhen  space  is  limited 
and  the  height  to  be  surmounted  considerable,  the  locks  may  be  arranged  like  a 
winding  or  spiral  stair,  The  plan  of  construction  is  not  costly ;  generally  it  may 
be  made  of  timber. 

Mr.  H,  E.  DRESSKH  exhibited  British  Specimens  of  Hypolah  fcfcnua. 


tiur  hs  Dents  du  Maenmchcnia  et  leur  Mode  de  llemplacewcnt. 
Par  M.  PAUL  GEKVAIS. 

Le  Prof.  Paul  Gervais  rappelle  d'abord  les  caracteres  speciaux  de  la  fiume  qua- 
tcrnairo  propre  a  rAmerique  meridional e,  et  les  principaux  travaux  dont  elle  a  eto 
1'objet  dans  ces  derniers  tomps.  Le  nouveau  meiuoire  qu'il  su  propose  de  con^aever 
aux  animaux  propres  a  cette  fauno  paraitra  parnii  ceux  de  la  Socle  tc*  (leologiquo 
de  France,  et  comprendra  des  details  relatits  a  plusieurs  des  especes  eteintes  a6- 
couvertes  dans  TAm^rique  du  sud,  partie  iiliorement  an  Macrauchcniu. 

M.  Paul  Gervais  fait  connaitre  en  partie  la  premiere  dentition  de  ce  genre  si 
curieux  de  mammiferes,  et  il  en  decrit  en  meine  temps  les  dents  de  remplaeeinent 
pour  la  machoire  inferieure.  Celles  de  ces  dents  qui  rupondent  aux  incisive*,  aux 
canines,  et  aux  avant-molaires  sont  remarquables  par  la  disposition  festonnee  do 
leur  couronne,  qui  rappelle  d'une  manic  re  inaUendue  la  furmo  earacteristique  de 
¥  If/uanodon.  M.  P.  Gervais  pre.^ente  une  planche  sur  laqiu'llo  ces  curacteres  ?ont 


JEn  ce  qui  concerne  la  classification  du  ^Inrrnncltcma^  il  pense,  avec  M.  Owen, 
que  cet  animal  doit  etre  rapprochd  de  Hhinoce*ros,  et  qu'il  appartient  a  la  nu'me 
famille  que  ces  derniers  •  ce  qui  lui  narait  resulter  dr  1'ensemble  dfjs  caracteres  pro- 
pros  a  ce  genre  qui  rdpete  dans  la  £ene  do  Jumeutds,  ou  Anisodactyloa,  une  condition 
comparable  a  celle  des  Anoplotheriums  parmi  les  Poroins,  et  fournit,  parmi  les 
E-hinocerides,  1'example  d'une  formule  dentaire  ramenee  a  son  expression  typiquo. 

Les  nouvelles  etudes  de  M.  P.  Gervais  cornpleterout  a  certains  egards  lea  notions 
publiees  par  MM.  11.  Owen,  Bravard,  et  liurmeisttn',  ainsi  quo  par  lui-meme,  rela- 
tivement  a  ce  genre  singulier  de  Mammiferes.  Les  pieces  qu'il  a  examinees  font 
partie  des  acquisitions  re*cemment  accomplies  par  le  Museum  de  Paris. 

of  Evolution  under  ow  set  of  Javier  nil  Conditions. 
Jit/  the  Kev.  JOHN  T.  GULJC  K. 


Note  on  the  employment  of  Yaclits  in  Deep-sea  HesearcJtes. 
By  Capt.  MAHSHALL  HALL,  F.G.S.,  F.C.S.,  $c. 

Having  had  some  experience  in  dredging  &c.  from  a  yacht,  and  having  met 
with  suudry  yacht-owners  who  would  like  to  join  in  such  pursuits,  the  author  sug- 
gests that  the  British  Association  would  be  a  proper  body  to  form  a  Committee  to 
encourage,  organize,  direct,  and  inform  yachting  naturalists  with  regard  to  the 
mode  in  which  they  could  be  of  most  use.  He  considers  that  though  no  single 
small  vessel  without  steam  and  experienced  men  could  investigate  a  locality 
thoroughly,  yet,  by  an  interchange  of  apparatus  and  a  division  of  the  work  to  be 
done  (one  yacht  taking  current  observations  and  sounding,  another  the  dredging, 


TRANSACTIONS  OP  THE  SECTIONS.  137 

lie  suggests  that  a  yacht  of,  say,  150  tons  is  the  most  practically  useful  size,  not 
being  too  large  to  get  under  weigh  quickly,  and  yet  of  sufficient  size  io  carry  stores, 
gear,  a  steam-launch,  fuel,  and  engine,  the  last  to'be  equally  available  for  the  launch- 
screw  and  a  winch  on  the  ship's  deck. 

But  he  also  considers  smaller  craft  to  be  equally  useful  in  some  ways. 

The  Committee  might  be  empowered  to  communicate  with  the  Royal  Yacht 
Clubs  and  ask  the  support  of  naturalist  members ;  they  might  also  consider  the 
advisability  of  voting  grants  for  attaching  "experts"  to  such  squadrons  to  describe 
the  more  perishable  animals  &c.  on  the  spot. 

In  conclusion  the  author  points  out  the  assistance  to  the  supply  of  large  aquaria 
which  the  development  of  tastes  for  dredging  would  be — yachts  visiting  fishing- 
stations  and  saving  alive  the  prizes  allowed  by  fishermen  to  IK*  wasted,  dredging 
with  the  yachts  and  boats  themselves,  making  the  nearest  British  port  with  a 
valuable  cargo  in  portable  tanks,  and  sending  them  alive  to  their  inland  or  coast 
homos. 

Mr.  J.  Wasdall,  of  Scarborough,  considers  that  the  education  of  a  body  of  sailors  to 
zoological  work,  the  keeping  of  a  ILst  of  them,  so  that  yacht  owners  mi^ht  know  where 
to  find  buch  skilled  hands,  would  be  one  of  the  valuable  results  of  the  labours  of  such 
a  Committee.  The  interchange  of  expensive  apparatus  and  gear  would  be  another. 


On  tlic  Molln$c<(  of  Europe  compared  \vllh  tho$e  of  Euxtcrn  North  America. 
'By  J.  Gwvx  JI:FFKJ:YH,  F.R.8.,  F.G.X. 

The  author  lulfl  dredged  last  autumn  on  the  coast  of  Xew  England,  in  a  steamer 
provided  by  the  Government  of  the  United  States,  and  had  inspected  all  the  prin- 
cipal collections  of  Mollusea  made  in  Eastern  North  Anieiica.  The  author  com- 
pared the  Mollusoa  of  Kurope  with  those,  of  Massachusetts.  He  estimated  the 
former  to  contain  about  1000  species  (viz.  200  Luid  and  fre>hwater,  and  $00  ma- 
rine), and  the  latter  to  contain  about  400  species  (viz.  110  land  and  freshwater, 
and  l;00  marine)  ;  and  he  took  Mr.  Bimiey's  edition  of  the  late  Prof.  Gould's 
'  Report  on  the  Mollusra  of  Massachusetts'  as  the  standard  of  comparison.  That  work 
gives  407  species,  of  which  the  author  considered  40  to  be  varieties,  leaving  367 
apparently  distinct  species.  About  *'X)  species  may  bo  added  to  this  number  in 
consequence  of  the  recent  researches  of  Prof.  Yerrill  and  Mr.  AVhileaves  on  the 
coast  of  Xew  England  ami  in  the  Gulf  of  St.  Lawrence.  He  identified  173  out  of 
the  ot>7  Massachusetts  species  as  European,  viz.  land  and  freshwater  30  (out  of  110), 
and  marine  l.'U  (out  of  ~">7),  the  proportion  in  the  former  case  being  i?8  per  cent., 
and  in  the  hitter  h'2  per  cent. ;  and  he  produced  tabulated  lists  of  the  species  in  sup- 
port of  his  statement,  lie  proposed  to  account  for  the  distribution  of  the  North- 
American  Mollusca  thus  identified  by  showing  that  the  land  and  freshwater  species 
had  probablv  migrated  from  Europe  to  Canada  through  Northern  Asia,  and  that 
most  of  the  marine  species  must  1m  e  been  transported  by  the  Arctic  current  through 
l)a\is\s  Strait  southward  to  Capo  Cod,  and  the  remainder  by  the  Gulf-stream  from 
the  Mediterranean  and  western  coasts  of  the  Atlantic  in  a  northerly  direction. 


On  ilic  Theory  of  the  Sen  ntijic   lvalue  of  Beauty  ni  relation  to  the  doctrines 
0/M/i-.  '/)irwin  an<l  Mr.  Gallon.     11  y  F.  T.  Morr,  F.R.G.S. 


Itytort  on  fircdyinys  in  Lake  Ontario.  By  IL  ALLEYNE 
NICHOLSON,  J/./).,  7).Sc.,  M.A*,  F.H.8.E.,  Professor  of  Natural  History 
in  University  College,  Toronto. 
In  this  communication  the  author  gave,  a  short  preliminary  account  of  a  series 
of  dredgings  carried  out  in  June  and  July  in  Lake  Ontario.  This  lake  had  not, 
up  to  this  time,  boon  explored  by  the  dredge  ;  and  SOUK;  valuable  facts  having  been 
brought  to  light  in  Lake  Superior  in  1871,  by  systematic  dredging,  he  was  there- 
fore induced  to  apply  to  the  Government  of  the  Province  of  Ontario  for  a  grant  of 
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m  oney  to  te  expanded  in  dredging  Lake  Ontario*  With  a  praiseworthy  appre- 
o  iation  of  the  true  value  of  such  researches,  the  Government  at  once  generously 
g  ranted  the  necessary  assistance.  The  dredgings  were  carried  on  partly  in  a  vacht 
a  nd  partly  in  a  steamer,  and  were  prosecuted  by  hand,  the  apparatus  employed 
being  similar  to  that  used  in  marine  dredging,  except  that  a  bag  of  embroidery 
canvas  was  placed  outside  the  ordinary  net — an  addition  rendered  necessary  by  the 
extremely  fine  nature  of  the  mud  at  great  depths.  Upon  the  whole,  the  results 
obtained  in  Lake  Ontario  agreed  very  fairly  with  those  obtained  in  Lake  Superior, 
there  being  a  general  conformity  in  the  phenomena  observed,  The  fauna  of  Lake 
Superior,  however,  so  far  as  deep  water  is  concerned,  is  decidedly  richer  than  that 
of  Lake  Ontario ;  whilst  some  of  the  more  remarkable  species  discovered  in  the 
former  appear  to  be  absent  in  the  latter,  As  might  have  been  anticipated,  the 
fauna  of  Lake  Ontario  is  not  extensive,  though  some  forms  occur  in  great  profusion. 
The  shallow-water  fauna  is  very  rich  in  individuals,  and  the  number  of  species  is 
quite  considerable  for  fresh  water.  Beyond  eight  or  ten  fathoms  the  fauna  oecomes 
very  scanty ;  and  when  depths  of  from  twenty  to  fifty  fathoms  are  reached  the  list 
becomes  reduced  to  some  Annelides  and  Amphipoa  Crustaceans.  The  nature  of 
the  bottom,  also,  at  great  depths  is  very  unfavourable  to  life,  consisting  almost 
everywhere  of  a  fine,  unpalpable,  grej'ish-blue  clayey  mud,  the  temperature  of 
which  is  very  low. 

Out  of  thirty-one  forms,  in  all,  discovered  by  the  author  in  Lake  Ontario,  the 
most  interesting  were  the  Annelides  and  Crustaceans.  The  Anneiides  were  very 
abundant,  and  consist  of  species  of  Ncphclis  and  C/epsine,  Sanuriu  and  Chirodrillusj 
some  of  the  leeches  presenting  phenomena  of  especial  interest.  Qf  the  Crustacea, 
the  most  important  is  a  little  Ainphipod,  which  occurred  in  depths  of  from  thirty 
to  forty-five  fathoms,  and  which  the  author  identified  with  the  Pontoporeia  affimd 
of  the  Swedish  lakes.  This  species  and  the  Stomapod,  Mysis  relicta,  are  found 
in  Lakes  Wetter  and  Wener  in  Sweden ;  and  it  is  well  known  that  they  have  been 
believed,  upon  good  grounds,  to  support  the  view  that  these  lakes  had  been  at  one 
time  connected  with  the  sea.  It  is  therefore  a  very  interesting"  fact  that  these 
species  should  both  have  been  detected  in  Lakes  Michigan  and  Superior.  The 
Pontoporeia  the  author  had  now  detected  in  Lake  Ontario ;  but  it  is  a  singular  fact 
that  tne  Mysis  (which  is  common  in  Lake  Superior)  had  not  been  found  to  occur 
at  all  in  the  dredgings  carried  on  by  the  author. 


How  ct  National  Natural- History  Museum  might  le  built  and  arranged 
with  advantage.     By  R.  A.  PEACOCK,  C.E.,  F.O.S. 

The  mUseUm  now  building  at  Kensington  is  about  800  feet  long  by  200  feet 
wide ;  its  area,  therefore,  is  about  8§  acres,  the  market  value  of  which  is  about 
£44,000.  Its  cost  will  be  nearly  £350,000.  The  circumference  of  the  building  is 
2000  feet,  which,  multiplied  by  the  three  floors,  gives  a  length  of  galleries  of  about 
6000  feet*.  A  complete  collection  of  whales  and  dolphins  would  fill  all  thi*  and 
there  would  be  no  space  for  any  other  animals,  much  less  for  the  botanical  and 
other  specimens.  The  known  species  of  whales  are  thirty- two,  of  from  50  to  110 
feet  long,  and  seventy-two  dolphins,  from  12  to  25  feet  j  and  the  number  of  these 
Oetacea,  Dr.  Gray  says,  "  will  be  very  much  extended."  Taking  the  whales  at  the 
average  moderate  length  of  60  feet  and  the  dolphins  at  15  feet,  we  have  a  total  length 
of  3000  feet.  But  the  writer  believes  a  National  Museum  ought  to  contain  a  m  ale  skin 
and  skeleton  and  a  female  skin  and  skeleton  of  every  species  of  Vertebrata,  and  the 
younjar  of  the  same,  also  a  sectional  drawing  of  each  species,  showing  the  skeleton 
within  the  skin.  And  Dr.  Sclater  is  probably  right  in  proposing  that  the  young  of  all 

*  Since  this  paper  was  written,  the  author  has  seen  a  perspective  view  and  ground-plan 
of  the  Government  Museum,  the  building  of  which  is  let  for  £352,000.  It  averages  600 
fret  long  by  about  267  feet  wide,  and  is  four  stories  high  including  tho  basement,  and 
affords  about  half  the  requisite  space  for  a  complete  museum.  The  building  as  to  its  ex- 
terior will  be  very  elegant.  The  view  and  plan  are  in  '  The  Builder '  of  January  4  and  11. 
The  drawings  of  the  building  proposed  by  the  author  are  at  the  Geological  Society*! 
Room*, 
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ages,  examples  of  variation,  and  preparations  of  the  internal  structure  should  also 
appear.  It  would  therefore  seem  at  first  sight  as  if  a  length  of  at  least  12,000 
feet  would  be  required ;  but  this  may  be  very  much  reduced.  The  spaces  provided 
for  the  Cetacea  in  the  sequel  of  tliis  paper  are  20  feet  wide  and  from  20  down 
to  12  feet  high  ;  therefore  all  but  the  largest  whales  can  be  placed  side  bty  side, 
with  their  respective  skeletons  suspended  over  them,  and  the  young,  varieties, 
and  preparations  can  be  placed  alongside  without  requiring  additional  lengths. 
But  allowing  for  the  numbers  being  "very  much  extended/'  the  total  length 
will  certainly  exceed  a  mile,  and  will  therefore,  as  stated  above,  fill  the  museum 
now  building.  The  number  of  volumes  now  iu  the  British.  Museum  Library  ex- 
ceeds a  million,  and  is  said  to  double  itself  in  iifteen  years.  Thus  in  half  a  gene- 
ration hence  the  books  will  have1  so  much  increased  as  not  to  leave  room  for  either 
of  the  great  collections,  viz.  (a)  the  Arts  and  Curiosities,  and  (b)  the  Natural 
llistorv,  which  will  also  have  increased ;  and  especially  so  it'  the  present  unex- 
hibiteu1  portions  of  the  collections  should  bo  exhibited,  ns  they  oupht  to  be. 
Dr.  J.  E.  Gray  says,  in  a  letter  to  the  present  writer: — "The  space  proposed  [at 
S.  Kensington]  is  very  small,  not  more  th.ni  we  have  at  present ;  and  there  is  a  Great 
want  of  room  for  the  unexhibited  portion  of  the  collection,  not  nearly  as  much  as 
we  have  here11  (Brit.  Mus.).  And  ho  advocates  the  Arts  and  Cun optics  being 
placed  in  the  museum  now  building  :  and,  in  truth,  that  appears  to  be  the  judicious 
and  inevitable  conclusion,  because  it  i^  simply  impossible  to  build  at  S.  Kensington 
one  of  the  usual  rectangular  museums  of  only  threo  ('?  four)  stories,  which  shall 
hold  all  the  specimens  illustrating  Zoology,  Botany,  Mineralogy,  and  Palaeontology > 
without  spreading  it  over  some  8  or  i)  acres  (worth  £100,000),  and  an  unneces- 
sarily vast  space  to  walk  over.  It  would  cause  sad  confusion  to  lit  up  the  present 
new  building  for  Natural  History,  and  afterwards  to  alter  it  for  the  reception  of 
the  Arts  and  Curiosities. 

Proposed  -AV?r  Mmettm. — This  will  contain  2J  miles  nearly  (in  addition  to  the 
auxiliary  Cetacea-room  of  l.V>(>  feet)  of  spaces  ami  plass  case*,  for  the  Yertebrata 
nnd  fossils,  and  to  be,  called  the  Animal  Gallery.  This  gallery  will  also  contain 
880  window-cases  covered  with  plate  glass,  en  eh  (>  feet  long  by  tt  feet  wide  (t  c,  a 
mile  long  by  a  yard  wide),  the  whole  well  lighted  by  880  large  non-transparent 
glass  windows — mainly  for  the  Invertebrate,  For  Plants,  Lecture-rooms,  nnd 
Library,  an  area  of  />7,000  superficial  feet  is  provided  (  =  J-J  acre  nearly),  and  for 
Mineralogy  o(),000  superficial  feet  ( 1 1  acre  and  more)  :  these  would  be  lighted  by  a 
circular  non-transparent  glass  roof,  .'5^0  feet  in  diameter.  All  these  spaces  will  be 
diuded  into  a  suitable  number  of  separate  rooms  by  non-transparent  glass  parti- 
tions, so  that  (for  example)  only  one  species  of  Cetacean  can  be  seen  by  each 
person  at  once,  to  a\oid  confu>ion  ;  and  galleries  would  be  pnnided  at  half  the 
Jieight  for  seeing  closelv  all  the  very  large  specimens,  The  writer  therefore  pro- 
poses to  take  oj  acres  at  the  angle  formed  by  Prince  Albert  Road  with  Gore  Ilond, 
and  forming  a  square  of  400  feet ;  of  this  area  the  angles  would  be  occupied  by  various 
auxiliary  olKces,  &c.  The  central  circular  museum  would  be  carried  up  to  the 
height  of  twehe  stones  or  1(  0  feet,  and  would  be  344  feet  in  diameter;  and  access 
could  be  gained  up  or  down  in  a  low  seconds,  to  any  floor,  at  a  cost  of  a  £r/.,  by 
means  of  an  hydraulic  hoist  worked  by  a  small  steam-engine.  The  entrance  would 
be  by  a  porch  20  feet  square,  lighted  %  a  glass  roof,  niul  containing  in  plate-glass 
cases  busts  in  marble  of  the  most  eminent  naturalists,  dead  and  living.  On  en- 
tering the  museum,  to  the  right  would  be  the  Animal  Gallery,  which  would  form 
an  inclined  plane,  rising  1  in  47,  and  afterwards  1  in  91-,  and  the  heights  of  gallery 
varying  from  20  down  to  0  feet.  On  the  rij»ht  as  you  ascend  would  be  the  windows 
ana  window-cases,  and  on  the  loft  spaces  surrounded  by  brass  railings  for  the 
Cctacca:  next  in  order  all  the  other  living  animals  being  Vertebrates;  when 
they  have  all  been  placed,  the  extinct  animals  will  succeed  in  plate-glass  cases, 
behind  which  would  be  the  work-rooms  all  the  way  to  the  top  of  the  building. 
The  order  would  be,  first,  the  latest  vertebrate  fossils,  then  the  other  vertebrate  fossils 
according  to  age,  the  oldest  being  at  the  top.  Those  who  wished  to  see  the  fossils 
in  the  usual  order  would  always  have  tho  option  of  ascending  by  the  hoist  to  begin. 
The  circular  form  has  been  chosen  because  a  square  of  equal  area  would  have  a  cir- 
cumference of  130  feet  greater  length  of  wall  and  window,  which,  multiplied  by  the 
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height,  160  feet,  gives  an  area  of  wall  and  window  saved  by  the  circle  of  21,700 
superficial  feet.  There  would  also  be  a  saving  in  the  distances  to  be  walked  over. 
The  whole  museum  would  be  lightning-proof  and  also  fire-proof,  as  no  wood  would 
be  used.  The  building  to  be  faced  with  vermilion-coloured  bricks  with  stone 
dressings,  the  walls  being  strong  and  well  bonded.  A  three-story  museum  of  3§ 
acres  costing  £350,000,  one  of  8^  acres  would  cost  proportionably  £795,000.  The 
expense  of  the  twelve-story  museum  and  its  appendages,  worked  out  in  detail  at 
the  prices  current  in  April  1872,  would  be  £^54,788,  which  includes  £0471  for 
kamptulicon  fioor-cloths,  seats,  tables,  and  desks ;  but  it  includes  nothing  for  the 
3$  acres  of  land.  This  twelve-story  museum  could  be  built  equally  well  on  any 
other  site  where  the  square  of  400  feet  had  two  of  its  adjoining  sides  bounded  by 
roads,  if  no  other  lofty  buildings  were  erected  too  near  it.  [Messrs.  Spun  of 
Charing  Cross  have  published  the  paper  in  ' 


On  the  Perforating  Instruments  of  Pholas  Candida.     By  JOHN  ROBERTSON. 


On  a  new  Rhinoceros,  ivlth  Remarks  on  the  Recent  Species  of  this  Genus  and 
their  Distribution.  By  P.  L.  SCLATEK,  ALA.,  Ph.]).,  F.R.8.,  Secretary 
to  the  Zoological  Society  of  London, 

On  the  14th  of  February  last  the  Zoological  Society  of  London  received  in  their 
Gardens  a  female  two-horned  Rhinoceros,  which  had  been  captured  near  Chitta- 

fong  four  years  previously,  and  had  been  since  kept  in  captivity  at  that  station  in 
ndia.     This  animal  had  been  referred  to  Rhinoceros  sumatrensis  of  Olivier  by  the 
author   and  by  other  writers  who  had  spoken  of  it,  that  being  the  only  species  of 
the  Asiatic  two-horned  section  of  rhinoceroses  hitherto  recognized  by  naturalists. 

The  recent  acquisition  of  a  female  of  the  veritable  It.  sumatrcttsis  from  Malacca 
had  enabled  the  author  to  compare  the  two  animals  together,  and  had  led  him  to 
the  conclusion  that  the  first-mentioned  specimen  belonged  to  a  dillVrent  species, 
which  he  proposed  to  call  Rhinoceros  hisiotis,  or  Hairy-eared  Rhinoceros,  its  most 
obvious  external  peculiarity  being  the  long  hairs  which  fringe  the  oars. 

The  existing  species  of  llhinoceros  certainly  known  were  considered  by  the 
author  to  be  six  in  number,  viz. : — 

a.  Asiatici :  dentes  incisivi  superiors  duo. 

a',  cornu  nasali  unico. 
L  R.  unicorn**,  Linn.    Ex  Assam. 

2.  R.  sondamts,  Cuv.     Ex  Java,  Borneo  et  penins.  Malay  aim. 

bf.  cornibus  duobus. 

3.  R.  sumaircnsi*)  Cuv.     Ex  Sumatra  et  penins.  Malayana. 

4.  R.  lasiotiSj  rnihi.    Ex  Chittagong. 

I.  African! :  dentes  incisivi  nulli. 

5.  R.  bicornis,  Linn.     Ex  Afr.  trop.  me  rid.  et  or, 
0.  -R.  8WW8,  Burch.     Ex  Air.  trop.  merid. 


Notice  of  an  apparently  new  Marine  Animal  from  the  Northern  Pacific.  By 
P.  L.  SCLATUR,  M.A.9  Ph.D.,  F.R.S.,  Secretary  to  the  Zoological  Society 
of  London. 

The  author  exhibited  specimens  of  bodies  bearing  the  general  external  shape 
and  appearance  of  long  thin  tapering  white  willow  wands  from  4  to  0  feet  m 
length,  which  he  had  received  from  Captain  David  Herd,  of  the  Hudson's  Bay 
Company's  service,  with  the  information  that  they  had  been  brought  by  that 
company's  vessel  from  Barraud's  Inlet,  Washington  Territory,  North-west  America. 
The  captain  who  brought  them  stated  that  they  were  the  "  backbones"  of  a  gelatinous 
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fish  shaped  like  a  conger  eel,  which  was  very  common  in  Barraud's  Inlet,  and 
which  swam  about  in  shoals  along  with  the  dogfishes,  that  in  the  living  animal 
these  "  backbones  "  were  transparent  like  the  rest  of  the  animal,  but  became  ossified 
when  dried  on  the  beach. 

^  Dr.  Gray  having  obtained  one  of  these  rods  had  recently  described  it  as  being 
either  the  axis  of  a  Pennatulid  animal  or  the  "  bone,  of  a  Cephalopod,"  under  the 
name  OsteoceUa  septetitrtonalis.  But  Mr.  Sclater  was  of  opinion  that,  supposing  tho 
facts  above  stated  to  bo  true,  these  rods  must  be  regarded  as  the  ossified  notochords 
of  some  low  organized  fish  with  the  skeleton  wholly  cartilaginous,  probably  belonging 
to  the  Lampreys  or  to  the  Chimaeroid  group. 


Instinct — with  orighi'tl  Observations  on  YoiMy  Animals.    7>y  1).  A.  SPALDWG*. 

With  regard  to  instinct,  we  have  yet  to  ascertain  tho  facts, — Do  the  animals 
exhibit  untaught  skill  and  innate  knowledge  ?  May  not  the  snppposed  cases  of 
instinct  be,  after  all,  but  the  results  of  rapid  learning  and  imitation  ?  The  contro- 
versy on  this  subject  lias  been  chielly  concerning  the  perceptions  <,f  distance  and 
direction  by  the  eye  and  the  ear.  Against  the  instinctive  nature  of  these  percep- 
tions it  is  argued  that  as  distance  means  movement,  locomotion,  the  very  essence 
of  the  idea  is  such  as  cannot  be  taken  in  by  the  eye  or  the  ear — that  what  the 
varying  sensation*  of  sight  and  hearing  correspond  to  must  be  got  at  by  moving 
over  the  ground,  by  experience.  The  results,  however,  of  experiments  on  chickens 
were  wholly  in  favour  of  the  instinctive  character  of  these  perceptions.  Chickens 
kept  in  a  state  of  blindness,  by  various  devices,  from  one  to  three  days,  when 
placed  in  the  light  under  a  set  of  carefully  prepared  conditions,  gave  conclusive 
evidence  against  the  theory  that  the  perceptions  of  distance  and  direction  by  the 
eye  are  tho  result  of  associations  formed  iu  the  experience  of  each  individual  life. 
Often  at  the  end  of  two  minutes  they  followed  with  their  eyes  the  movements  of 
crawling  insects,  turning  their  heads  with  all  the  precision  of  an  old  fowl.  In 
from  two  to  fifteen  minutes  they  pecked  at  some  object,  showing  not  merely  an 
instinctive  perception  of  distance,  but  an  original  ability  to  judge  distance  and 
direction  with  something  like  infallible  accuracy.  If  beyond  the  reach  of  their 
necks  they  ran  up  to  tho  object  of  their  imrsuit,  and  may  be  said  to  have  invariably 
struck  it,  never  missing  by  more  than  a  hair's  breadth  ;  this,  too,  when  the  specks 
at  which  they  struck  were  no  bigger  than  the  smallest  visible  dot  of  mi  i.  To  seize 
between  the  points  of  the  mandibles  at  the  very  instant  of  striking  seemed  a  more 
difiicult  operation.  Though  at  times  they  seized  and  swallowed  an  insect  at  the 
very  first  attempt,  most  frequently  they  struck  live  or  six  times,  lifting  once  or 
twice  before  they  succeeded  in  swallowing  their  first  food.  To  take,  by  way  of 
illustration,  the  observations  on  an  individual  case  a  little  more  in  detail :  a  chicken 
at  the  end  of  six  minutes,  after  having  its  eyes  unveiled,  followed  with  its  head  tho 
movements  of  a  ily  twelve  inches  distant ;  at  ten  minutes  the  fly  coming  within 
reach  of  its  neck  was  seized  and  swallowed  at  the  first  stroke  ;  at  the  end  of  twenty 
minutes  it  had  not  attempted  to  walk  a  step.  It  was  then  placed  on  rough  ground 
within  sight  and  call  of  a  hen  with  chickens  of  its  own  age.  After  standing  chirp- 
ing for  about  a  minute,  it  went  straight  towards  the  hen,  displaying  as  keen  a  per- 
ception of  the  qualities  of  the  outer  world  as  it  was  ever  likely  to  possess  in  after 
lite.  It  never  required  to  knock  its  head  against  a  stone  to  discover  that  there 
was  "no  road  that  way."  It  leaped  over  the  smaller  obstacles  that  lay  in  its 
path,  and  ran  round  the  larger,  reaching  the  mother  in  as  nearly  a  straight  line  as 
the  nature  of  the  ground  would  permit.  Thus  it  would  seem  that  prior  to  expe- 
rience the  eye,  at  least  the  eye  of  the  chicken,  perceives  the  primary  qualities  of 
tho  external  world — all  arguments  of  the  purely  analytical  school  of  psychology  to 
the  contrary  notwithstanding. 

No  less  decisive  were  experiments  on  hearing.     Chickens  hatched  and  kept  in 

tho  dark  for  a  day  or  two,  on  being  placed  in  the  light  nine  or  ten  feet  from  a  box 

in  which  a  brooding  hen  was  concealed,  after  standing  chirping  fora  minute  or 

two,  uniformly  set  off  straight  to  the  box,  in  answer  to  the  call  of  the  hen,  which 

*  Printed  in  cxhnso  in  *  Macmillau's  Magazine,'  March  1873. 
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they  had  never  seen  and  never  before  heard.  This  they  did,  struggling  through 
grass  and  over  rough  ground,  "when  not  yet  able  to  stand  on  their  legs*  Again, 
chickens  that  from  the  first  had  been  denied  the  nee  of  their  eyes  by  having  hoods 
drawn  over  their  heads  while  yet  in  the  shell,  were,  while  thus  blind,  made  the 
subjects  of  experiment.  These,  when  left  to  themselves,  seldom  made  a  for- 
ward step,  their  movements  were  round  and  round  and  backward;  but  when 
placed  within  live  or  six  feet  of  the  hen-mother,  they  in  answer  to  her  call  became 
much  more  lively,  began  to  make  little  forward  journeys,  and  soon  followed  her  by 
flouud  alone,  though  of  course  blindly.  Another  experiment  consisted  in  rendering 
chickens  deaf  for  a  time,  by  sealing  their  ears  with  several  folds  of  gum-paper 
before  they  had  escaped  from  the  shell.  The^e,  on  having  their  ears  opened  when 
two  or  three  days  old,  mid  being  placed  within  call  of  the  mother,  concealed  in  a 
box  or  on  the  other  side  of  a  door,  after  turning  round  a  few  times  ran  straight 
to  the  spot  whence  came  the  first  sound  they  had  ever  heard.  Clearly  of  these 
chickens  it  cannot  be  said  that  sounds  were  to  them  at  first  but  meaningless  sen- 
sations. 

One  or  two  observations  favourable  to  the  opinion  that  animals  have  an  instinc- 
tive knowledge  of  their  enemies  may  be  taken  for  what  they  are  worth,  When 
twelve  days  old,  one  of  my  little  prottats,  running  about  beside  me,  gave  the  pecu- 
liar chirr  whereby  they  announce  the  approach  of  danger.  On  looking  up,  a 
hawk  was  seen  hovering  at  a  great  height  overhead.  Ajjain,  a  young  hawk 
was  made  to  fly  over  a  hen  with  her  first  brood  of  chickens,  then  about  a 
week  old.  In  the  twinkling  of  an  eye  most  of  the  chickens  were  hid  among  grass 
and  bushes ;  and  scarcely  had  the  hawk  touched  the  ground  about  twelve  yards 
from  where  the  hen  had  been  sitting,  when  she  fell  upon  and  would  soon  have 
killed  it  outright.  Even  more  striking  evidence  was  furnished  by  a  young 
turkey.  When  ten  days  old,  it  heard  the  voice  of  the  hawk  for  the  first  time,  and  just 
beside  it.  Like  an  arrow  from  the  bow  it  darted  off  in  the  opposite  direction,  and 
crouched  in  a  corner,  remained  for  ten  minutes  motionless  and  dumb  with  fear, 
Out  of  a  great  number  of  experiments  with  chickens  and  bees,  though  the  results 
were  not  uniform,  yet  iu  the  vast  majority  of  instances  the  chickens  manifested 
instinctive  fear  of  these  sting-bearing  insects. 

But  to  return  to  examples  of  instinctive  skill  and  knowledge,  concerning  which 
I  think  no  doubt  can  remain.  A  very  useful  instinct  may  be  observed  in  the  early 
attention  that  chickens  pay  to  their  toilet.  As  soon  as  they  can  hold  up  their 
heads,  when  only  from  four  to  five  hours  old,  they  attempt  dressing  at  their  wings, 
that,  too,  when  they  have  been  denied  the  use  of  their  eyes.  Another  incontestable 
case  of  instinct  may  be  seen  in  the  art  of  scraping  in  search  of  food.  Without  any 
opportunities  of  imitation  chickens  begin  to  scrape  when  from  two  to  six  days  ola. 
Most  frequently  the  circumstances  were  suggestive,  at  other  times,  however,  the 
first  attempt,  which  generally  consisted  of  a  sort  of  nervous  dance,  was  made  on  a. 
smooth  table.  The  unacquired  dexterity  shown  in  the  capture  of  insects  is  very 
remarkable.  A  duckling  one  day  old,  on  being  placed  in  the  open  air  for  the  first 
time,  almost  immediately  snapt  at  and  caught  a  fly  on  the  wing.  Still  more 
interesting  is  the  art  of  catching  flies  peculiar  to  the  turkey.  When  not  a  day 
and  a  half  old,  I  observed  a  young  turkey,  which  I  had  adopted  while  yet  in 
the  shell,  pointing  its  beak  slowly  and  deliberately  at  flies  and  other  small  insects 
without  actually  pecking  at  them.  In  doing  this  its  head  could  be  seen  to  shake 
like  a  hand  that  is  attempted  to  be  held  steady  by  a  visible  effort.  This  I  recorded 
when  I  did  not  understand  its  meaning ;  for  it  was  not  until  after  that  I  observed 
that  a  turkey  when  it  sees  a  fly  settled  on  any  object  steals  on  the  unwary  insect 
with  slow  and  measured  step,  that  when  sufficiently  near  it  advances  its  head  very 
slowly  and  steadily  until  within  an  inch  or  so  of  its  prey,  which  is  then  seized  by 
a  sudden  dart.  In  still  further  confirmation  of  the  opinion  that  such  wonderful 
examples  of  dexterity  and  cunning  are  instinctive  and  not  acquired,  maybe  adduced 
the  significant  fact  that  the  individuals  of  each  species  have  but  little  capacity  to 
learn  any  thing  not  found  in  the  lives  of  their  progenitors.  A  chicken  was  xnad^o 
from  the  first  and  for  several  months  the  sole  companion  of  a  young  turkey ;  yet  it 
never  showed  the  slightest  tendency  to  adopt  the  admirable  art  of  catching  flies 
that  it  saw  practised  before  its  eyes  every  hour  of  the  day. 
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The  only  theory  in  explanation  of  the  phenomena  of  instinct  that  has  an  air  of 
science  about  it  is  the  doctrine  of  inherited  association.  Instinct  in  the  present 
generation  is  the  product  of  the  accumulated  experiences  of  pa.«t  generations.  Great 
difficulty,  however,  is  felt  hy  many  in  conceiving  how  any  thing  so  impalpable  as 
fear  at  the  sight  of  a  bee  should  pass  by  inheritance  from  parent  to  oilspring.  It 
should  be  remembered,  however,  that  me  permanence  of  such  associations  in  the 
history  of  an  individual  life  depends  on  tho  corresponding  impress  fjiven  to  tho 
nervous  organism.  We  cannot,  strictly  speaking,  experience  any  individual  fact  of 
consciousness  twice  over;  but,  as  by  pulling  the  bell-cord  to-clay  we  can,  in  the 
language  of  ordinary  discourse,  produce  tho  same  sound  we  heard  yesterday,  so, 
while  the  established  connexions  among  the  nerves  and  nerve-centres  hold,  we  are 
enabled  to  live  our  experiences  over  again .  Now,  why  should  not  these  modifications 
of  brain-matter  (that,  enduring  from  hour  to  hour  and  from  dny  to  day,  render 
acquisition  possible)  be,  like  any  other  physical  peculiarity,  transmitted  from  parent 
to  offspring  K  That  they  are  so  transmitted  is  Jill  but  proved  by  the  facts  of 
instinct,  while  these  in  their  turn  receive  their  only  rational  explanation  in  this 
theory  of  Inherited  Association. 

Notes  of  a  Deep-sea  Dr&lrimy-Rrpedition  roiwd  tlie  Man<l  of  Anticosti,  in 
the  Gulf  of  St.  Lawrence.  By  J.  F.  WHITEAVHS,  F.G.X. 

Through  the  kindness  of  the  Hon.  Peter  Mitchell,  Minister  of  Marine  and 
Fisheries  for  tho  Dominion  of  Canada,  who  not  only  gave  the  author  facilities  for 
dredging  on  board  Government  vessel?,  but  caused  rope  enough  to  bo  placed  athia 
disposal  to  enable  him  to  examine  the  greatest  depths,  the  expedition,  of  which 
a  brief  descriptive  rfottmt  is  hero  ofYered,  was  undertaken.  Five  weeks  were  spent 
at  sea,  and  depths  of  from  100  to  2~>0  fathoms  were  success-full y  explored  during 
the  months  of  July  and  August  1871. 

The  area  investigated  includes  an  entire  circuit  of  the  island  of  Anticosti,  as  far 
to  the  N.W.  as  Point  des  MunLs  (on  the  north  shore  of  the  Kiver  St.  Lawrence), 
and  to  tho  S.\V.  as  the  Magdalen  Islands.  It  was  the  author's  intention  to 
have  tried  to  dredge  in  the  deepest  part  of  the  gulf,  in  a  spot  situated  halfway 
between  the  east  end  of  the  island  of  AutiroMi  and  tho  Bird  Hocks,  where,  ac- 
cording to  the  Admiralty  charts,  the  bottom  is  ,'U;5  fathoms  deep.  Unfortunately, 
however,  when  this  particular  point  was  reached,  and  every  thing  got  ready,  a  galo 
from  the  N.W.  sprung  up,  which  made  dredging  quite  impracticable. 

Attempts  were  made  (by  using  a  common  thermometer  with  a  metal  case  and 
perforated  base)  to  ascertain  the  temperature  of  the  deep-sea  mud.  When  im- 
mersed in  tho  mud,  and  the  whole  carefully  shaded,  the  mercury  sank  almost 
invariably  to  JJ7°  or  08°  Fahr.  The  word  a  almost  "  is  used  ad\  isedly  ;  for  deep-sea 
mud  brought  up  from  200  fathoms,  in  the  centre  of  the  river,  between  Anticosti 
and  the  south  shore,  on  one  occasion,  only  made  the  mercury  fall  to  from  4*2°  to 
45°  Fahr.  Sand  brought  up  from  2o  fathoms  011  the  north  shore  also  made  the 
mercury  sink  to  about  37°  or  .18°  Fahr. 

It  is  estimated  that  upwards  of  100  species  of  marine  invertebrates  new  to  the 
Gulf  of  St.  Lawrence  weie  collected.  Of  these,  oO  or  40  have  never  been  taken 
before  on  the  American  side  of  the  Atlantic,  and  se-verul  are  new  to  science.  The 
number  is  made  up  as  follows  : — • 

Foraminifera 12 

Polycystinn 3 

Sponges 5 

Ilydfozoii (about)  10 

Actinozoa    4 

Echmodermatn 2 

Annelida    (at  least)  20 

Crustacea 10 

Polyzoa   12 

Mollusca 24 

K'2 

11* 
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The  Ilydrozoa  and  Annelida  have  not  yet  been  determined,  and  only  a  small 
portion  01  the  Foraminifera  have  boon  critically  examined. 

The  following  is  a  brief  descriptive  sketch  or  a  few  of  tho  most  interesting  speci- 
mens collected.  More  minute  details  of  the  results  of  tho  Expedition  will  shortly 
"be  published  by  the  author. 

The  most  curious  of  the  Foraminifera  is  a  Marginulina,  about  |  of  an  inch  in 
length,  from  the  iirst  chamber  of  which  spinous  processes  project  at  various 
angles.  These  vary  in  number  in  the  two  specimens  collected,  and  when  perfect 
were  probably  as  long  as  the  shell  itself. 

Among  the  sponges  are  Grantia  ciliata  of  O.  Fabricius  (the  first  sponge  with 
calcareous  spicules  recorded  from  the  Gulf  of  St.  Lawrence),  a  fine  species  of 
Polymastia,  and  a  massive  Hatichondria  with  retentive  bihamato  spiculos.  Among 
the  Actinozoa  the  most  conspicuous  novelty  is  a  beautiful  species  of  Pennatida, 
near  to  the  European  P.  pho&phorea,  but  sufficiently  distinct  from  it,  for  which 
the  author  proposes  the  name  Pennatula  canadoms.  Upwards  of  forty  living 
examples  were  dredged  in  deep  water,  some  of  which  arc  8  inches  long.  The 
genus  is  new  to  the  American  side  of  the  Atlantic.  Other  interesting  Ccelenterates 
from  the  deep  sea  are  a  little  social  anemone,  a  species  of  Zuanthus,  a  new  genus  of 
Alcyonoids  near  to  Cormdaria,  and  Eunephthya  ylomerata,  tho  latter  only  known 
previously  from  Greenland  and  the  banks  of  Newfoundland.  Two  rare  echino- 
dernis  were  collected  :  one  of  them  is  a  well-known  Norwegian  heart  urchin,  the 
Brissm  f raff  His  of  Diiben  and  Koron,  the  Schizastcr  frayilii  of  more  modern  writers  : 
the  other,  Prof.  A.  Agassiz  informs  the  author,  is  the  "  curious  Asterid  allied  to 
Pteraster"  which  Prof.  Wyviilo  Thomson  named  Calveria  hi/tfrijc;  the  name 
has,  however,  been  proposed  for  two  widely  different  species  in  the  same  journal. 
The  Canadian  starfish  Prof.  A.  Agassiz  thinks  may  bo  the  Solaster  fursifer  of 
Diiben  and  Koren. 

No  large  crabs  or  lobsters  were  taken  in  deep  water.  The  group  is  only  repre- 
sented apparently  in  the  greater  depths  by  a  few  curious  arctic  shrimps.  In  12»5 
fathoms,  oft'  Cap-Hosier  lighthouse,  fine  specimens  of  Ni/mphont/if/tuitcttm,  Goods! r, 
and  Munnopsis  typica  of  Sars  were  taken,  Several  living  examples  of  a  P'ycno- 
yonum,  undistinguishable  from  the  European  P.  littoral? }  were  brought  up  by 
hempen  tangles  from  212  fathoms. 

The  deep-water  Poly/oa  are  very  interesting  and  curious.  The  most  striking 
among  them  are : — ])efrancia  Incernariaj  Sars ;  Jictepora  ccllidosa,  var.  elotit/ata, 
Smitt;  Flu*tra  Burled,  Busk;  Biccllaria  ciliata,  Linn.;  and  Alcyonidium  yelati- 
nosttm,  Pallas. 

With  the  exception  of  a  purple  Botryllus,  apparently  new,  the  few  Tuuicates 
obtained  are  well-known  northern  New-England  species. 

,  The  following  species  of  shell*  collected  are  new  to  the  western  side  of  the 
Atlantic : — 

Area  pectunculoicles,  Scacchi.  \  Utriculus  hyalinus,  Turton. 

Portlandia  frigida,  Tor  ell.  \  Dental!  um  abysfloruni,  tiars. 

„          lucida,  Loven.  I  Siphoiiodontaliurn  vitroum,  Sum, 

Astarte,  two  new  species.  !  Eulima  stenostoma,  Jeffreys. 

Neoera  arctica,  Sars.  Sipho  spitz bergensis, 

„      lucida,  Lovtn.  „     Sarsii,  Jeffreys. 

Tho  following  rare  species  were  also  dredged  in  various  localities  : — 


Terebratula  caput-serpentis  ? 

„          spitzbergensis,  Dae, 
Pecten  groenlandicus,  ChcmH, 
Lima  subauriculata. 
Portlandia  thraciaeformis,  Storer. 
Dacrydium  vitreum,  Matter, 
Astarte  lactea,  JJrod.  fy  Sow. 
Macoma  inflata,  Stimps.  MSS. 


Philine  quadrata,  Wood. 
Lacuna  glacialis,  Moller. 
liissoa  carinata,  Miff  hols. 
liiseoella  cbnrnea,  titimps. 
Buccinum  cyaneum  ?,  Bruy. 
,;          ciliatinn,  O.  Fab. 
Fasciolaria  li^ata,  Mit/hels. 
Trophon  craticulatus,  O.  Fab. 


Three  small  fishes  were  on  separate  occasions  taken  in  the  dredge.  Of  these, 
one  is  a  small  example  of  the  Norway  haddock  (Scbastcs  norvct/icuii),  one  a  young- 
wolf  fish  (Anarrhkhas  lupus) y  and  the  other  a  gurnard  of  the  genus  Ayonm, 
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Nearly  all  the  marine  invertebrates  of  the  northern  part  of  the  Gulf  of  the  St. 
Lawrence  arc  purely  arctic  species. 

Three  fourths  of  the  Mollusc  a  of  Greenland,  for  example,  range  as  far  south  as 
Gaape*  Bay.  Quite  a  number  of  characteristic  New-En  gland  species  are  found  off 
the  coasts  of  Nova  Scotia  and  New  Brunswick  :  a  few  of  these,  such  as  the  oyster, 
find  their  northern  limit  in  the  southern  part  of  the  Bay  of  Chaleurs. 

An  irregular  lino  of  shallow  soundings  extends  from  near  the  northern  extremity 
of  the  island  of  Cape  Breton,  round  the  Magdalen  group,  and  thence  in  a  westerly 
direction  to  Bonaventure  Island.  To  the  north,  north-vast,  and  north-west  of  this 
line  the  water  deepens  suddenly,  and  perhaps  even  precipitously.  To  the  south 
and  south-west  of  this  line  the  water  is  shallow,  and  never  exceeds  60  fathoms  in 
depth.  Principal  Dawson  suggests  that  possibly  the  Subcarboniferous  limestone 
(of  which  the  Magdalen  Islands  are  composed,  and  which  appears  again  on  the 
main  shore  in  Bonaventure  County  and  elsewhere)  may  crop  up  under  the  pea 
in  this  shallow  area.  The  line  of  shallow  soundings  may  form  a  natural  barrier  to 
those  arctic  currents,  if  there  be  such,  which  sweep  down  tho  straits  of  Belle  Isle 
in  a  south-westerly  direction,  nnd  may  deflect  their  course  in  a  bold  curve  into 
and  up  the  river  ^t.  Lawrence.  In  the  some  way  this  lino  may  form  the  sepa- 
ration between  a  purely  arctic  fauna  nnd  one  of  a  more  southern  character. 

The  species  which  belong  exrlushely  to  the  deep  sea  in  Canada  have  a  decidedly 
Hcandiwu  ian  aspect.  IMoMt  of  the  specimens  collected,  which  are  new  to  the 
American  side  of  the  Atlantic,  are  well-known  Norwegian,  Spitzbergen,  or  Scotch 
species. 

It  is  proposed  to  continue  these  investigations  through  the  present  summer,  the 
Canadian  Government  hiding  voted  ft  small  tuni  of  money  to  defray  the  expenses 
of  the  expedition. 


ANATOMY  AND  PHYSIOLOGY. 

to  tlic  DrjHtrtincnt  of  Anatomy  and  PJn/siology. 
Jly  Professor  JJucnox  SANDJSRSON,  ALD.,  F. U.S. 

"NVe  are  met  here  for  the  purpose  of  hearing  papers  on  Anatomy  and  Physiology. 
It  would  not  have  been  inappropriate  to  have  ghen  >ou  some  account  of  the  limits 
of  the  two  very  distinct  sciences  which  are  so  designated  ;  but  ns  I  am  anxious  to 
o«'upy  your  time  for  as  short  a  period  as  possible,  1  shall  content  myself  with 
saj  ing  that  the  few  observations  I  have  to  make  will  have  reference  only  to  the 
science  to  which  I  nm  myself  attached.  1  make  this  preliminary  explanation,  for 
fhe,  positions  of  tho  h\o  M-ienrcs  in  England  ore  to  dUUrent  that  much  that  I  may 
say  about  Physiology  is  not  applicable  to  Anatomy. 

1  should  have  been  glad  if  it  had  been  possible  to  have  occupied  the  time  in 
giving  you  a  retrospective  account  of  the  progress  of  physiological  research  during 
the  past  year.  1  had  intended  to  do  so,  but  was  led  to  abandon  my  intentions  on  tho 
ground  that  although  tho  work  done  has  not  been  inconsiderable,  we  in  England  have 
taken  very  little  part  in  it.  If  I  had  attempted  the  task,  I  should  have  been  but 
chronicling  the  doings  of  our  friends  in  Geiinany,  who  are  now  holding  their  own 
scientific  assembly  in  Leipzig.  As  I  do  not  wish  to  talk  about  German  physio- 
logists to-day,  I  find  it  moro  agreeable  and  more  encouraging  to  look  forward 
than  lo  look'  back;  for  although  we  English  physiologists  (I  say  physiologists 
advisedly,  because  the  anatomists  are  not  in  the  same  position)  must  admit  with 
regret  that  wo  have  had  ^ery  little  to  do  with  the  unprecedented  development  of 
our  science  during  the  last  two  decades,  we  do  not  intend  to  continue  in  the  game 
inactrve  condition  in  future. 

Considering  that  half  the  purpose  of  our  meeting  in  this  Section  is  to  promote 
the  progress  of  physiology,  I  do  not  think  I  can  more  properly  occupy  your  time 
than  in  endeavouring  to  show  in  what  direction  efforts  must  b*e  made  to  improve 
its  position,  and  particularly  to  secure  a  future  moro  fruitful  of  substantial  results 
tli an  the  past  has  been. 

I  shall  begin  by  asserting  a" general  principle,  which,  as  I  go  on,  I  shall  endea- 
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vour  to  justify-— that  one  great  reason  why  nhysiological  research  is  less  success- 
fully pursued  in  England  than  we  could  wish,  it  to  be,  lies  in  the  general  want  of 
scientific  education.  In  illustration  of  this  position,  I  shall  refer  first  to  that 
higher  training  which  is  required  for  the  production  of  scientific  workers  or 
investigators  ;  secondly,  to  what  may  be  called  the  education  of  public  opinion,  by 
the  popularizing  agency  of  books  and  lectures ;  and,  lastly,  to  the  introduction 
of  Natural  Science  as  an  element  of  education  in  our  great  schools  and  uni- 
versities. 

If  a  man  wants  to  be  a  physiologist  he  must,  as  things  at  present  stand,  study 
medicine.  There  is  no  logical  reason  for  this  j  for  although  medicine  ought  to  bo 
built  on  physiology,  there  is  no  reason  why  a  physiologist  should  know  any  thing 
about  the  art  of  curing  diseases.  Practically,  however,  it  is  the  case  that  the  kind 
of  education  which  a  man  requires  in  order  to  bo  a  physiologist  is  best  obtained 
through  a  course  of  medical  study.  I  confess  myself  to  be  of  the  opinion  that  this 
close  relation  between  medicine  and  physiology  is  likely  to  be  a  permanent  one,  on 
the  general  ground  that  any  science  is  likely  to  be  studied  with  more  earnestness 
by  those  who  have  to  practise  an  art  founded  upon  it  than  by  others.  For  example, 
in  England  there  can  be  little  doubt  that  it  is  to  our  preeminence  over  all  countries 
in  the  mechanical  arts  that  our  possession  of  exceptionally  great  men  in  the  phy- 
sical sciences  on  which  those  arts  are  built  is  due.  The  reason  why  the  same  sort 
of  beneficial  reaction  of  art  upon  science  has  not  manifested  itself  in  onr  own 
sphere  is,  that  the  connexion  between  the  two,  i.  e.  between  physiology  and  medi- 
cine, is  much  less  substantial.  Wo  physiologists  are  not  yet  in  a  position  to  advise 
the  doctors,  and  they,  resting  on  the  more  reliable  teaching  of  experience,  are  quite 
willing  to  do  without  us, 

If  I  am  right  in  supposing  that  the  pursuit  of  physiological  research  will  always 
be  closely  connected  with  medical  study,  it  becomes  a  matter  of  interest  to  us  to 
know  in  how  far  the  existing  institutions  for  teaching  are  fitted  for  the  training  of 
scientific  men. 

Wo  who  are  personally  concerned  in  the  teaching  of  medicine  must,  I  think, 
admit  that,  as  regards  English  schools,  an  ordinary  medical  course  is  not  a  vi  ry 
good  preparation  for  scientific  work.  The  reason  of  this  is  that  the  "  medical 
s-iences,7'  as  they  are  called — chemistry,  anatomy,  and  physiology — have  developed 
far  too  fast  lor  the  resources  of  our  schools.  Physiology,  which  twenty  years 
ago  might  (without  very  flagrant  absurdity)  have  "been  called  the  handmaid  of 
medicine,  lias  become  a  great  science  quite  independent  of  the  art  which  brought 
her  into  existence.  No  longer  learning  from  medicine  as  she  used  to  do,  but  based 
entirely  on  experiment,  she  claims  much  closer  relationship  with  the  other  expe- 
rimental sciences,  and  particularly  with  physics  and  chemistry,  than  with  her 
parent  art. 

Let  us  suppose  ourselves  carried  back,  say  twenty  years.  Twenty  years  ago  a 
lecture-room,  with  a  gallery  for  showing  preparations  under  the  microscope,  was 
all  that  was  thought  necessary  for  teaching  pnjsiology,  even  in  the  best  appointed 
schools ;  but  then  how  different  was  that  time  from  the  present  as  regards  the 
position  of  the  science.  I  can  only  refer  to  one  or  two  of  the  directions  in  which 
progress  has  been  made.  Take,  for  example,  the  exchange  of  gases  in  respiration. 
In  1852  all  that  we  knew  on  this  subject  was  founded  on  the  imperfect  methods  and 
analyses  of  the  physicist  Magnus,  Now  Ludwig  and  his  pupils  have  put  us  in 
possession  of  a  knowledge  which  for  exactitude  may  be  compared  with  that  of  th« 
fundamental  facts  of  physics.  In  185-J  Ludwig  had  but  lately  written  his  earliest 
papers  on  arterial  pressure,  and  had  thus,  by  the  introduction  of  new  methods,  in- 
augurated a  new  era  in  the  physiology  of  the  mechanical  functions.  Uii  Bois-Iiey- 
mond  had  scarcely  begun  that  series  of  researches  by  which  he,  like  Ludwig,  rather 
founded  a  new  science  than  extended  the  limits  of  an  old  one.  In  France  Brown- 
Sequard  had  discovered  the  functions  of  vasomotor  nerves,  and  Bernard  the  glyco- 
genic  function  of  the  liver. 

Great  as  was  the  intrinsic  value  of  all  these  investigations,  it  was  surpassed  by 
that  of  the  influence  which  they  exercised  on  the  future  progress  of  science.  How 
rapid  that  progress  has  been  may  be  readily  judged  of  by  any  one  who  chooses 
to  read  any  of  the  text-books  of  twenty  years  ago  in  the  light  of  recent  researches. 
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With,  tho  exception  of  the  somewhat  ohscure  region  of  what  is  called  aniinal 
chemistry,  every  chapter  has  been  rewritten  on  the  sure  basis  of  direct  observation 
and  experiment — tho  mechanics  of  the  circulation,  the  chemical  changes  in  the 
blood  and  tissues  in  respiration,  the  relation  between  muscular  movements  and  the 
central  organs  of  tho  nervous  system  which  preside  over  them,  tho  electrical 
changes  which  go  on  in  nerves  and  muscles  when  in  and  out  of  action,  and,  in 
physiological  histology,  the  mode  of  central  and  peripheral  termination  of  norve- 
librcB,  and  tho  anatomy  of  the  lymphatic  glands  and  the  mode  of  origin  of  the 
absorbent  system  in  the  tissues, 

In  this  great  progress  one  would  rather  not  have  lo  admit  that  Germany  has 
done  so  large  a  proportion  of  the  work,  France,  notwithstanding  her  great 
loaders  in  science  and  her  great  scientific  institutions,  has  accomplished  much  less 
than  she  ought  to  have  done.  In  taking  her  part,  England  has  been  represented  by 
us,  the  teachers  in  her  medical  schools;  but  we,  possessing  neither  space  nor  appli- 
ances for  the  prosecution  of  experimental  inquiries,  have  contented  ourselves  only 
too  readily  with  reaping  the  fruits  of  other  men's  labours. 

It  would  not  be  pleasant  to  make  this  admission,  were  it  not  possible  to  look 
forward  with  considerable  confidence  to  something  better.  In  the  great  medical 
schools  of  London,  in  the  old  universities,  and  in  one  or  two,  at  least,  of  the  pro- 
vincial schools  groat  efforts  are  now  being  made  to  provide  adequate  buildings  and 
competent  persons  for  the  experimental  teaching  and  study  of  physiology.  It  is, 
I  think,  a  most  encouraging  sign  of  the  times  that  the  initiative  in  this  movement 
has  been  taken  by  Trinity  College,  Cambridge.  That  wealthy  corporation,  whoso 
very  name  recalls  to  our  recollection  the  intellectual  glories  of  our  conn  try,  has  con- 
descended to  provide  a  place  for  physiologists  to  study  and  labour  in,  from  which 
(short  as  the  time  is  during  which  it  ha?  existed)  one  or  two  valuable  researches 
have  already  sprung.  To  what  the  University  of  London  has  done  during  the  last 
twelve  mouths,  in  establishing  a  laboratory  for  inquiries  into  that  most  important 
though  comparatively  new  branch  of  physiology  which  relates  to  the  origin  and 
nature  of  diseases,  it'is  scarcely  possible  for  me  to  refer,  excepting  in  so  far  as  to 
express  my  liopo  that  its  influence  will  eventually  be  felt  in  strengthening  the  hold 
of  physiology  on  practical  medicine, 

Notwithstanding  theso  e Hurts,  it  will  take  years  to  regain  the  position  which  wo 
in  England  once  had,  and  ought  never  to  have  lost.  The  appliances  and  places 
for  work  are  now  forthcoming,  and  can  be  extended  as  they  are  required.  This  is  a 
great  step  forwards  ;  but  we  still  want  the  pecuniary  resources  requisite  for  carry- 
ing out  systematic  and  continuous  researches,  and,  above  all,  we  have  still  to 
educate  workers. 

Of  tho  two  wants  I  have  mentioned,  the  want  of  money  and  the  want  of 
workers,  the  second  is  the  most  important.  Tho  difficulties  which  lie  in  our  way 
in  this  respect  are  vory  great  indeed,  The  obvious  difficulty — the  objection,  I 
mean — which  is  always  adduced  by  young  men  as  a  sufficient  reason  for  not  giving 
up  their  time  to  scientific  research  is  that  it  does  not  pay ;  but  it  need  scarcely  be 
said  that  the  real  difficulty  is  a  more  general  one.  It  lies  in  that  practical  ten- 
dency of  the  national  mind  which  leads  us  Englishmen  to  underrate  or  depreciate 
any  kind  of  knowledge  which  docs  not  minister  directly  to  personal  comfort  or 
advantage,  a  tendency  which  was  embodied  in  the  philosophy  of  Bacon,  and  has 
been  thought  by  some  to  constitute  its  great  weakness.  1  have  no  doubt  thero 
are  as  many  in  England  as  in  Germany  who  would  not  be  deterred  by  the  prospect 
of  comparative  poverty,  which  in  every  country  must  be  the  part  of  those  who 
devote  themselves  to  abstract  science ;  but  there 'are  very  few  who  have  the  courage 
and  resolution  to  follow  this  course  in  spite  of  a  public  opinion,  which  estimates 
science  on  utilitarian  principles. 

This  leads  mo  naturally  to  my  second  point,  which  is  that  the  most  efficient 
means  we  can  take  to  improve  the  position  of  our  science  in  England  are  those 
which  have  for  their  object  the  enlightenment  of  public  opinion,  and  that  this  is 
to  be  effected  partly  by  'diffusing  this  knowledge  of  our  labours  among  the  public, 
and  so  inducing  them  to  take  an  interest  in  them,  partly  by  introducing  training  in 
physical  science  into  .our  schools. 

In  the  art  of  exposition,  i,e.  of  making  difficult  subjects  plain,  we  havo  one 
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among  us  who  is  a  master — "whose  powers  in  this  respect  have  been  acknowledged, 
not  only  in  England,  but  in  France,  and  still  more  emphatically  in  Germany,  Ilis 
work  on  elementary  physiology  has  been  presented  to  the  German  public  by  one  of 
the  leading  German  physiologists  (who  is  himself  a  model  of  clearness  01  style), 
who  tells  his  countrymen  in  his  preface  that  no  German  writer  could  expound 
the  experimental  facts  which  are  the  basis  of  physiological  knowledge  as 
ITuxley  can. 

In  the  existence  of  such  a  man  as  Huxley  I  find  a  great  source  of  encouragement 
for  the  future  of  English  physiology,  not  only  on  account  of  his  own  work,  largo 
though  that  has  been  (for  no  one  builder  can  lay  many  bricks  in  an  edifice 
where  every  brick  requires  such  careful  laying),  but  also  for  hia  influence  on 
national  life. 

At  one  time  I  confess  that  I  was  disposed  to  underrate  the  value  of  popularizing 
science ;  now  I  see  the  power  of  exposition  to  be  a  great  power  for  good.  "Wo 
have  an  example  of  the  good  it  effects  in  the  history  of  this  Association.  We  have 
another  in  that  of  the  Koyal  Institution,  which  has  lately  been  made  familiar  to 
us  by  the  accounts  which  nave  been  given  of  that  great  and  good  man  who  for  so 
many  years  was  its  life.  Faraday,  the  greatest  physicist  of  his  time,  was  equally 
master  of  the  art  of  exposition.  Of  the  influence  which  his  mind  thereby  exercised 
on  the  minds  of  men,  women,  and  children  there  can  be  no  doubt.  Nor  do 
I  think  that  he  lost  by  it  himself;  for  although  we  cannot  suppose  that  he  taught 
without  some  exhaustion  of  his  energies,  1  cannot  believe  that  the  effort  was  a 
useless  one  even  to  himself. 

One  would  not  venture  to  say  of  such  a  man  that,  in  explaining  to  children  the 
fundamental  conceptions  which  in  his  mind  were  already  so  clear,  these  became 
still  clearer ;  but  I  think  it  may  bo  so. 

I  pass  at  once  to  the  third  part  of  my  position,  that  which  relates  to  the 
teaching  of  science,  and  particularly  physiology,  in  schools,  This  I  may  deal  with 
very  shortly. 

The  teaching  must  necessarily  be  elementary.  If  it  is  thorough  and  genuine, 
it  is  good, 

To  wedge  a  little  bit  of  Bowdlerized  physiology,  something  about  the  structure 
and  functions  of  the  human  body,  into  the  ordinary  course  of  a  school  education 
may  be  an  ornamental  addition  to  it,  but  can  scarcely  be  really  useful.  Our 
reform,  if  it  is  to  be  attempted  at  all,  must  be  much  more  complete  and  radical. 
It  must  consist,  not  in  adding  natural  science  to  the  system  of  instruction  in  which 
we  ourselves  and  our  predecessors  were  brought  up,  but  in  substituting  for  some  of 
the  old  drudgeries  something  better  and  more  substantial. 

As  regards  that  higher  education  which  may  bo  defined  as  introductory  to  the 
studies  of  the  University,  most  people  are  now  disposed  to  recognize  that  there 
exists  at  the  present  clay  a  tendency  to  increase  its  extent  at  the  expense  of  its 
thoroughness.  On  the  one  hand  a  powerful  effort  is  made  by  the  Imtdatores 
teinporia  adi  to  maintain  the  old  disciplines ;  while  on  the  other  a  general  though 
somewhat  vague  notion  prevails  that  no  system  of  education  can  be  regarded  as 
complete  from  which  science  is  excluded.  To  reconcile  these  antagonistic  ten- 
dencies, the  only  method  which  has  been  found  is  that  of  addition  and  accumu- 
lation. Instead  of  displacing  some  of  (he  old  requirements,  an  additional  load  of 
new  subjects  has  been  imposed  on  the  unfortunate  examinee,  in  tho  form  of 
chemistry,  physics,  animal  physiology,  £c.  No  wonder  that  to  the  victim  who 
has  just  passed  through  one  of  our  modern  ordeals  the  very  names  of  these 
sciences  are  sickening;  for  in  addition  to  the  disagreeable  task  of  getting  them  up 
from  text-books  (text-books,  however  excellent,  are  at  beet  but  very  poor 
reading),  the  competitor,  whether  successful  or  not,  has  the  consoling  reflection 
that  he  has  been  doing  treadmill  work  after  all — learning  a  number  of  facts  and 
laws  of  great  value  to  the  man  who  is  able  to  possess  himself  of  them,  but  to  him 
rendered  absolutely  useless  from  the  mode  of  study  to  which  the  present  system 
of  examinations  has  compelled  him. 

The  way  to  obviate  this  I  have  already  hinted  at.  Let  it  be  clearly  understood 
that  if  natural  science  is  to  be  made  a  part  of  our  educational  ay  stem,  it  cannot  bo 
introduced  as  an  ornamental  addition  or  accomplishment,  but  as  part  of  the  ground- 
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work.    To  serve  as  a  groundwork,  we  must  admit  that  physiology  and  anatomy 
are  not  adapted. 

The  corner-atone  must,  of  course,  be  mathematics.  Side  by  side  with  mathe- 
matics the  subjects  which  ought  to  claim  preference  are  jjhvsics  and  chemistry. 
The  latter,  when  taught  and  studied  experimentally,  is  specially  fitted  to  cultivate 
that  certainty,  that  convincedness  of  mind,  that  clear  realization  of  facts  seen  not 
by  the  bodily  but  by  the  intellectual  eye,  which  constitute  the  scientific  spirit. 
A  boy  who  has  J carut  to  feel  the  certainty  of  the  laws  of  chemical  combination 
can  never,  so  long  as  he  retains  his  mental  soundness,  relapse  into  that  state  of 
vague  indifference  about  facts  which  characterizes  mnny  uneducated  persons,  or 
lose  the  habit  of  exactitude  of  conception  and  statement  *to  which  lie  is  compelled 
by  practice  in  chemical  reasoning. 

It  is  clear  that  anatomy  and  physiology  cannot  be  recommended  on  the  same 
ground ;  yet  I  believe  that  it  inuy  be  wisely  included  in  ordinary  education,  not  as 
a  discipline,  and  not  as  a  subject  of  examination,  but  on  the  ground  that  it  is  so 
usefully  applicable  to  the  common  a  flairs  of  life.  It  is  undoubtedly  useful  that 
every  one  should  know  something  of  the  structure  and  functions  of  his  own  body; 
and  this  for  several  reasons :  first,  because  hois  enabled  thereby  to  take  better  care 
of  himself,  and  to  understand  how  to  preserve  himself  by  reasonable  precaxvtions 
against  somo  of  the  well-recognized  causes  of  disease.  "Another  reason  is,  he  is 
thereby  rendered  not  so  liable  ns  he  would  otherwise  be  to  become  the  dupe  of  the 
many  quackeries  which  are  afloat — more  ready  to  take  the  advice  of  the  doctor  as 
regards  the  regulation  of  his  mode  of  life,  less  credulous  about  the  eiticacy  of  drugs. 

Let  as  now,  in  conclusion,  say  one  word  as  to  the  influences  which  the  general 
adoption  of  a  system  ba-*i»d  upon  scientific  training  would  exercise  on  scientific  pro- 
gress, and  particularly  on  the  progress  of  the  science  in  which  we  are  interested. 

I  can  illustrate  this  best  bv  taking-  tho  medical  student  as  an  example.  We 
teachers  of  physiology  to  medical  students  know  that  when  we  begin  first  to  talk 
to  them  about  the  principles  of  tho  subject  (e.  y.  about  chemical  change  as  tho 
essential  condition  of  all  vital  phenomena,  about  the  relation  between  the  pro- 
duction of  heat  and  external  motion,  about  the  exchange  of  phases  in  respiration, 
and  many  other  fundamental  subjects)  the  great  difficulty  is  that  our  auditors  are 
utterly  at  fault  for  want  of  those  conceptions  about  matter  and  its  powers  which 
are  expressed  by  the  words  we  are  constantly  usintr,  such  as  solid,  liquid,  gas, 
vapour,  weight,  density,  volume,  &c.,all  of  which  to  tne  average  finished  schoolboy 
are  perfectly  meaningless.  The  rssult  is  that  these  fundamental  conceptions,  not 
having  been  mastered  at  first,  are  not  mastered  at  all,  and  the  student  begins  to  build 
the  superstructure  without  having  had  any  opportunity  of  laying  the  foundation. 
If  the  Vorbilduny  were  different,  if  students  were  to  come  to  their  work  with  the 
scientific  hubit  of  mind  already  formed,  it  would  not  only  make  them  better 
students,  but  would  retain  its  influence  on  them  through  life.  The  details  might 
fade  from  the  memory,  but  the  spirit  would  remain. 

I  trust  that  it  will  not  appear  to  the  members  of  the  Section  that  I  have,  in  any 
of  the  observations  I  have  made,  forgotten  that  the  object  for  which  we  are 
assembled  here  is  the  promotion  of  the  science  of  anatomy  and  physiolopy. 
Although  I  cannot  claim  for  our  science  a  more  direct  interest  in  scientific  training 
than  for  others,  there  are  reasons  (as  I  have  endeavoured  to  show)  why  it  suffers 
more  from  the  want  of  it  than  others— the  chief  ojie  being  that,  as  compared 
with  what  we  feel  and  know  to  be  its  real  importance  to  the  future  welfare 
of  humanity,  the  practical  benefits  which  immediately  arise  from  it  are  not  very 
obvious. 

I  Inn  e  said  very  little  indeed  of  another  proving  difficulty  which  we  have  now 
and,  I  believe,  will  have  for  many  years  to  contend  with — tne  want  of  pecuniary 
resources ;  because  I  know  that  in  this  country  if  educated  public  opinion  can  bo 
interested  on  behalf  of  any  scientific  object,  and  particularly  if  the  intelligent 
classes  of  the  community  can  be  shown,  on  good  ground,  that  the  furtherance  of 
abstract  science  is  a  matter  of  vital  importance  to  pur  national  existence,  the 
really  trifling  public  expenditure  which  would  be  required  to  enable  us  to  compete 
at  least  on  equal  terms  with  Germany,  Austria,  Bavaria,  and  Russia  will  at  once  be 
forthcoming. 
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In  the  mean  time  it  is  the  function  and  duty  of  all  who  have  the  means  and  are 
interested  in  scientific  progress,  and  especially  of  us,  the  members  of  this  Section  of 
the  British  Association,  to  afford  such  aid  as  we  can  to  those  who,  supported  by 
their  own  enthusiasm  rather  than  by  the  prospect  of  honour  or  emolument,  aru 
willing  to  devote  their  lives  to  physiological  and  anatomical  researches. 


On  the  Arrangement  and  Nomenclature  of  the  Lobes  of  the  Live)'  in  Mammalia. 
By  Prof.  W.  H.  FLOWER,  F.R.8. 

The  descriptions  of  the  livers  of  vaiious  animals  to  be  met  with  in  treatises  or 
memoirs  on  comparative  anatomy  are  generally  very  difficult  to  understand  for 
want  of  a  uniform  system  of  nomenclature.  The  present  communication,  which 
endeavours  to  supply  such  a  system  (and  was  illustrated  at  the  Meeting  by  a  lureo 
series  of  coloured  diagrams),  is  based  upon  an  examination  of  the  condition  of  the 
organ  in  examples  of  every  important  subdivision  of  the  class.  The  difficulty 
usually  met  with  arises  from  the  circumstance  of  the  liver  being  divided  some- 
times, as  in  man,  ruminants,  and  the  cetacea,  into  two  main  lobes,  which  have 
always  been  called  respectively  right  and  left ;  and  in  other  cases,  as  the  lower 
monkeys,  carnivora,  rodentia,  £c.,  into  a  larger  number  of  lobes.  Among  tho 
latter,  the  primary  division  usually  appears  at  first  sight  to  be  tripartite,  the  whole 
organ  consisting  of  a  middle,  called  "  cystic  "  or  u  suspensory  lobe,  and  two 
lateral  lobes,  called  respectively  right  and  left  lobes.  This  introduces  confusion  in 
describing  livers  by  the  same  terms  throughout  the  whole  series  of  mammals,  as 
the  right  and  left  lobes  of  the  monkey  or  dog,  for  instance,  do  not  correspond  with 
the  parts  designated  by  the  same  names  in  man  and  the  sheep.  There  are,  more- 
over, conditions  in  which  neither  the  bipartite  nor  the  tripartite  system  of  nomen- 
clature will  answer,  which  we  should  have  considerable  difficulty  in  describing 
without  some  more  general  system. 

It  appears  desirable  to  consider  all  livers  as  primarily  divided  by  the  umbilical 
vein  into  two  segments,  right  and  left.  This  corresponds  with  its  development, 
and  with  the  condition  characteristic  of  the  organ  in  the  interior  classes  of 
vertebrates.  The  position  of  this  division  can  almost  always  be  recognized  in 
adult  animals  by  the  persistence  of  some  traces  of  the  umbilical  vein  in  the  form  of 
the  round  ligament,  and  by  the  position  of  the  suspensory  ligament. 

When  the  two  main  parts  into  which  the  liver  is  thus  divided  are  entire,  they 
may  be  spoken  of  as  the  right  and  left  lobes ;  when  fissured,  as  the  right  and  left 
segments  of  the  liver,  reserving  the  term  lobe  for  the  subdivisions.  This  will 
involve  no  ambiguity,  for  the  terms  right  and  left  lobes  will  no  longer  be  used  for 
divisions  of  the  more  complex  form  of  liver. 

In  the  large  majority  of  mammals  each  segment  is  further  divided  by  a  fissure, 
more  or  less  deep,  extending  from  the  free  towards  the  attached  border,  which 
the  author  proposed  to  call  rigid  and  left  lateral  fissures.  When  these  are  more  deeply 
cut  than  the  umbilical  fissure,  the  organ  has  that  tripartite  or  trefoil-like  form  just 
spoken  of,  the  part  between  them  being  the  so-called  middle,  cystic,  or  suspensory- 
lobe.  These  terms  the  author  proposed  to  discontinue,  and  to  institute  right  central 
and  left  central  for  the  two  regions  included  between  the  umbilical  and  the  two 
lateral  fissures,  and  to  use  right  lateral  and  left  lateral  for  the  regions  beyond  tho 
lateral  fissures.  The  essentially  bipartite  character  of  the  organ,  and  the  uni- 
formity of  its  construction  throughout  the  class,  is  thus  not  lost  sight  of,  even  in 
the  most  complex  forms. 

The  left  segment  of  the  liver  is  rarely  complicated  to  any  further  extent,  except 
in  some  cases  by  minor  or  secondary  fissures  marking  off  small  lobules,  generally 
inconstant  and  irregular,  and  never  worthy  of  any  special  designation.  The  prin- 
cipal differences  to  be  noted  depend  on  the  degree  of  completeness  of  the  lateral 
fissures  (which  sometimes  extend  quite  across  the  hepatic  tissue,  completely  severing 
the  left  lateral  lobe)  and  the  relative  size  of  the  two  lobes. 

On  the  other  hand,  the  right  segment  is  usually  more  complex.  Tho  right 
lateral  fissure  when  fully  developed  passes  into  the  right  extremity  of  the  portal 
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fissure.  The  right  central  lobe,  therefore,  on  its  under  surface  does  not  reach  to 
the  attached  border  of  the  liver,  hut  is  always  bounded  in  that  direction  by  the 
portal  fissure.  Moreover,  the  gall-bladder  when  present  is  always  in  relation  to 
its  under  surface.  The  position  of  this  receptacle  with  respect  to  the  lobe  may 
vary;  sometimes  it  is  merely  applied  to  its  surface,  loosely  connected  by  con- 
nective tissue;  in  other  cases  it  is  deeply  imbedded  in  a  fossa.  Very  often  it  is 
placed  near  the  middle  of  the  lobe ;  sometimes  close  to  one  or  the  other  of  its 
lateral  boundaries.  In  many  cases  the  fossa  in  which  the  gall-bladder  is  sunk  is 
continued  to  the  free  margin  of  the  liver  as  an  indent,  or  even  a  tolerably  deep 
fissure.  This  is  called  the  cystic  fissure ;  but,  in  consequence  of  its  irregularity 
of  position  and  frequent  absence,  it  is  not  of  the  same  importance  aa  the  other 
fissures  which  have  been  named,  and  does  not  mark  off  any  distinct  divisions  of 
hepatic  substance. 

The  right  lateral  lobe  always  has  the  great  vena  cava  either  grooving  its  surface 
or  tunnelling  through  its  substance  near  the  inner  or  left  end  of  its  attached  border; 
and  a  prolongation  to  the  left,  between  the  vein  and  the  portal  fissure,  has  long 
been  Known  under  the  name  of  the  Spif/elittn  lobe.  This  is  always  a  distinct 
hepatic  region,  sometimes  a  mere  narrow  iiat  track,  but  more  often  a  prominent 
tongue-shaped  process.  Whatever  may  ba  its  form,  it  is  bounded  iu  front,  or 
towards  the  free  surface  of  the  liver,  by  the  portal  fissure  ;  on  the  left  by  the 
fissure  of  the  ductus  venosus  (unless  the  vessel  is  bridged  over  by  hepatic  "sub- 
stance) ;  posteriorly  and  partially  on  the  right  by  the  vena  cava,  but  between  this 
vessel  and  the  right  end  of  the  portal  fissure  it  is  continued  onwards  into  the  ad- 
joining part  of  the  right  lateral  lobe. 

The  main  body  of  the  right  lateral  lobo  is  most  commonly  divided  into  two 
parts,  not  by  a  cleft,  such  as  the  lateral  fissures,  passing  from  the  upper  to  the 
lower  surface  of  the  liver,  but  by  oue  which  severs  a  part  oif  from  the  under 
surface.  This  is  the  caudate  lobe ;  and  the  fissure  which  separates  it  from  the  right 
lateral  lobe  may  be  called  the  "  fissure  of  the  caudate  lobe."  In  man  it  is  almost 
obsolete  j  but  in  most  mammals  it  is  of  very  considerable  magnitude,  and  has  very 
constant  and  characteristic  relations.  It  is  connected  by  an  isthmus  at  the  left 
(narrowest  or  attached  end)  to  the  Spigcliun  lobe,  behind  which  isthmus  the  vena 
cava  is  always  in  relation  to  it,  channelling  through  or  grooving  its  surface.  It 
generally  has  a  pointed  apex,  and  is  deeply  hollowed  to  receive  the  right  kidney, 
to  the  upper  and  inner  wide  of  which  it  is  applied  *. 


On  Ptilse-lfate  and  the  Forces  which  vary  it.     By  A.  H.  GAKROD. 

Tho  number  of  the  heart's  beats  can  be  proved  to  depend  on  variations  in  tho 
resistance  ottered  to  the  flow  of  blood  through  the  small  arteries,  and  not  at  all  on. 
the  blood-pressure.  I'oiseuille  showed  that  the  llow  of  fluids  through  capillary 
tubes  varies  directly  as  the  pressure.  From  these  facts  it  can  be  proved  that  to 
maintain  a  uniform  circulation,  such  as  the  systemic,  it  is  essential  that  the  capa- 
city of  the  arterial  system,  including  the  heart,  must  vary  directly  as  the  blood- 
pressure  j  and  therefore  it  is  necessary  that  the  heart  always  recommences  to  beat 
when  the  tension  or  pressure  of  the  blood  has  fallen  a  certain  invariable  proportion, 
and  then  only.  The  known  variations  in  pulse- frequency  in  health  are  all 
explicable  on  this  supposition,  for  they  can  bo  proved  to  be  caused  by  modifications 
in  the  arterial  peripheral  resistance ;  thus  while  standing  tho  tody-  weight  is 
supported  by  rigid  tissues,  but  while  lying  soft  parts  are  compressed,  and  therefore 
resistance  is  introduced.  The  next  point  considered  is  tho  cardiograph  law  of  the 
author ;  and  an  explanation  is  given  of  its  significance,  which  leads  to  the  results 
that  tho  nutrition  of  the  heart  varies  directly  as  the  blood-pressure  and  as  tho 


For  a  figure  explanatory  of  the  above  paper,  eeo  '  Nature,'  Aug.  29th,  1872. 
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Tlie  Concurrent  Contemporaneous  Progress  of  Innovation  and  ]Fiiste  in  Ani- 
mated Frames,  and  the  extent  to  which  sucJi  Operations  are  controllable  In/ 
Artificial  Means.  By  GEORGE  HAHRIS,  F.&A.,  Vice-President  of  the 
Anthropological  Institute. 

The  writer,  after  throwing  out  a  suggestion  as  to  what  a  perfect  system  of 
pathology  might  be  expected  to  comprehend  in  a  precise  and  complete  knowledge 
of  the  cause  of  each  disease,  and  also  the  counteracting  remedy  to  l>e  applied  for 
its  cure,  proceeded  to  remark  that  corresponding  questions  arose  with  regard  to 
renovation  and  waste,  as  to  whether  the  causes  which  all'ect  them  are  capable  of 
control,  although  we  are  unacquainted  with  many  of  them,  or  whether  they  are 
such  as  to  be  entirely  beyond  control.  He  adverted  to  the  ascertained  fact  oi*  the 
progress  of  renovation  and  waste  in  all  animated  frames,  as  also  to  the  circumstance 
that  certain  of  these  operations  were  known  to  be  controllable.  lie  analyzed  tho 
principle  of  waste  and  decay  in  different  bodies,  both  substantial  anil  liquid,  and 
observed  that  the  fact  of  bodies  being  animated  did  not  exempt  them  from  tho 
laws  of  nature.  Extraordinary  longevity  had  been  attributed  to  certain  wild 
animals ;  and  it  was  remarkable  that  they  were  seldom  found  in  a  state  of  de- 
crepitude from  old  age.  Savages  derived  from  obsenaikm  of  wild  animals  the 
medicinal  properties  of  many  plants  and  springs.  Ossification  of  tho  bones  nnd 
deterioration  of  the  blood  had  been  considered  by  JJuffon*  and  Smellet  to  be  the 
main  causes  of  waste  and  decay  in  animated  frames.  The  opinions  of  Galen,  "Willis, 
Hunter,  and  other  authorities,  ancient  and  recent,  were  cited.  Tho  writer  then 
proceeded  to  contend  that,  as  the  causes  both  of  renovation  and  waste  in  certain 
bodies  are  ascertained  and  are  subject  to  contiol,  these  causes  may  be  both  ascer- 
tained and  subjected  to  control  in  many  other  cases  also,  if  not  univei>ally,  nnd 
in  frames  which  are  animate  as  well  as  those  which  arc  inanimate.  If  you  can 
retard  waste  of  the  same  nature  with  ossification,  you  can  retard  ossification  ul^o ; 
and  if  you  can  retard  ossification  to  a  limited  degree,  according  to  our  present 
limited  means  and  knowledge,  when  that  means  and  knowledge  become  more  ex- 
tended, your  power  to  control  waste  must  necessarily  be  to  a  corresponding  degree 
extended  as  well.  So  also  as  regards  the  condition  of  tho  blood,  and  our  control 
over  that  condition.  As  science  ad\  ances  these  causes  may  be  better  understood,  and 
the  properties  of  various  substances  to  control  them  at  length  perfectly  ascertained. 
He  recommended  experiments  of  various  kinds  as  to  the  nature  of  substances  nnd 
their  effect  on  bodies,  animate  as  well  as  inanimate,  and  with  regard  to  animals  and 
plants  as  well  as  man,  as  essential  to  solve  this  great  problem  satisfactorily. 


On  tlie  Mechanism  of  the  Change  of  Colour  hi  Fishes  und  C 
By  M.  G.  POUCHKT. 

As  is  already  well  known,  tho  change  of  colour  is  due  to  tho  change  in  sixo  of 
contractile  coloured  cells  placed  in  the  f-kin.  Thoe  are  under  the  influonoe  of 
nerves.  The  author  found  that  the  particular  nones  controlling  them  (in  tho 
turbot)  were  nerves  of  the  sympathetic.  By  cutting  the  none  Mippl}ing  a  par- 
ticular area  of  the  skin,  he  had  been  enabled  to  retain  that  area  unchanged  in 
colour,  whilst  the  rest  changed  according  as  the  fish  found  itsolf  on  a  light  or  a  dark 
surface.  That  the  eye  is  the  means  by  which  the  change  in  its  conditions  is  com- 
municated to  the  fish  or  crustacean,  and  that  then  a  roil  ex  action  takes  place,  acting 
through  the  sympathetic  nervos  on  the  colour-colls  of  chromatophors,  is  proved  by 
the  fact  that  when  the  animal  experimented  on  is  blinded,  no  furtlu  r  change  of  colour 
occurs  when  it  is  removed  from  light  to  dark  or  dark  to  light  surroundings. 


On  the  MccJianism  of  Muscular  Contraction.    By  Dr.  KADCLJITK,  F.ll.H. 


*  Jlistoire  Naturellc  do  rilomme,          t  Philosophy  of  Natural  History,  p.  5W. 
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On  the  Graft  Theory  of  Disease. 
Ky  JAMES  lloss,  M.D.,  Waterfoot,  near  Newchitrch. 

The  native  part  of  virulent  fluids  has  been  proved  by  the  experiments  of  Prof. 
Ohauveau  and  those  of  Dr.  tturdon  Sanderson  to  reside  in  particles  not  larger  than 
tno  auo«To  °f  im  ""-'h  in  diameter.  These  particles  are  admitted  to  be  living;  and 
the  question  arises  whether  they  form  a  race  of  independent  beings  like  Bacteriat 
or  are  merely  modifications  of  the  organism  from  which  they  have  become  detached, 
Tho  former  view  constitutes  the  basis  of  what  is  called  the  germ-theory  of  disease, 
while  the  latter  view  is  adopted  here ;  and  this  constitutes  at  once  the  grounds  and 
the  justification  of  the  title— the  Graft  Theory  of  Disease.  In  the  absence  of 
direct  experimental  evidence  to  decide  between"  these  different  opinions,  our  only 
alternative  is  to  develop  as  much  as  possible  the  indirect  evidence.  On  the  sup- 
position that  the  contagion  particle*  are  merely  modified  portions  detached  from 
a  living  organism,  there  is  a  close  similarity  between  them  and  the  reproductive 
particles.  Both  sots  of  particles  are  merely  modi  tied  epithelial  cells;  they  also 
become  detached  because  the  supply  of  nourishment  fails  them,  and  both  are 
characterized  by  being  unspeciahzeu.  In  the  reproductive  particles  there  is  a 
union  between  two  particles  detached  or  semidetached;  but  in  the  case  of  the 
gone^is  of  a  contagious  disease  there  is  a  union  between  a  distinct  individual  and  a 
detached  portion  of  another  individual.  In  this  respect,  therefore,  the  analogy 
fails.  But  the  phenomena  of  ^  egetable  grafting  agree  oven  in  this  respect  with 
those  of  tho  contagious  diseases  Pr.  Masters  says  that lt  case?  have  been  observed 
where  from  the,  stock  below  the  graft  fruits  and  flowers  of  the  same  appearance  aa 
those  borne  on  the  seinn  have  made  their  appearance."  Again,  Mr.  Darwin  says 
that  "when  the  variegated  jessamine  is  budded  on  tho  common  kind  the  stock 
sometimes  produces  buds  bearing  variegated  leaves."  This  shows  that  the  scion 
affects  the  stock  not  only  at  the  point  of  contact,  but  that  it  communicates  to  it  a 
change  which  manifests  itself  throughout  the  entire  organism  of  the  latter;  and 
this  is  one  of  the  most  remarkablt1  features  of  contagions  diseases. 

But  if  virulent  fluids  are  merely  mollifications  of  healthy  tissue*,  the  effects 
produced  by  them  upon  another  organism  should  correspond  in  certain  leading 
particulars  to  those  ot  other  morbid  tissues.  If  we  compare  the  primary  pustule  in 
inoculated  smallpov  wilh  the  pi^tule  caused  by  tartar-emetic  ointment,  we  shall 
find  that  they  go  through  a  more-  or  less  similar  evolution,  An  areola,  or  inflam- 
matory ring,  surrounds  them,  which  is  large  and  well-marked  in  the  former,  but 
is  also  present  in  a  minor  degree  in  the  latter.  The  former  can  bo  communicated 
by  inoculation  to  a  healthy  individual,  but  ordinary  inflammation  IUH  also  been 
communicated  in  a  similar  manner.  Tho  lymphatic*  glands  in  the  vicinity  of  the 
smallpox-pustulo  become  swelled,  but  this  is  only  what  occurs  in  the*  case  of 
almost  all  local  diseases;  and  the  character  of  the  glandular  affection  always  cor- 
responds with  the  local  disease  which  ha<  excited  it.  This  is  well  seen  in  syphilis, 
tubercle,  nml  cancer.  The  lymphatic  enlargement  in  smallpox,  therefore,  presents 
no  peculiarity  which  does  not  occur  in  other  diseases;  but  in  other  diseases,  such  as 
pvjcmirt,  tubercle,  and  cancer,  secondary  affections  occur  in  the  lungs,  liver,  and 
internal  organs  generally.  Tho  secondary  affection  in  inoculated  smallpox,  how- 
ever, takes  place  on  the  surface  of  the  body.  This  is  probably  owing  to  the  special 
affinities  of  tlw  tissues  for  special  substances.  It  is  also  necessary  in  all  highly 
contagious  diseases  that  Hung  particles  should  be  detached  in  large  numbers  from 
the  body ;  hence  secondary  affections  must  occur  in  such  disease's  on  either  the 
external  or  internal  surface*  of  the  body,  otherwise  the  disease  would  die  out.  The 
fever  is  not,  of  course,  peculiar  to  smallpox :  it  is  always  an  accompaniment  of 
rapid  tissue  changes;  and  tho  fever  is  higher  in  smallpox  and  the  contagious 
diseases  generally,  just  because  there  is  more  rapid  cell-multiplication  throughout 
the  bovlv.  Such  changes  moan  an  augmentation  of  the,  molecular  forces  devoted  to 
growth  "at  the  expense  of  thoso  devoted  to  structure  mid  function,  and  what  is  not 
expended  in  the  latter  goes  to  the  genesis  of  heat.  But  rapid  cell-multiplication 
involves  other  morphological  changes  :  these  are  diminished  bulk  of  units,  disap- 
pearance of  cell-wall,  and  discontinuous  growth;  and  such  arc  proved  to  be  tho 
characteristics  of  virulent  lluids.  Smallpox  has,  therefore,  a  close  affinity  with 
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those  diseases  which  arise  within  the  hody  from  ordinary  changes  in  the  environ- 
ment ;  and  this  is  equally  true  of  the  other  zymotic  diseases.  ^  On  the  other  hand 
it  might  easily  bo  shown  that  they  have  very  little  affinity  with  the  true  parasitic 
diseases.  All  these  considerations  tend  to  show  that  the  germ-theory  is  inapplicable 
to  the  zymotic  diseases, 

The  Came  of  the  Respiratory  Variations  of  Arterial  Pressure.  By  Dr.  Btm- 
DON  SANDERSON,  2<\H.S.,  Professor  of  Practical  Physioloyy,  University  Col- 
leye,  London. 

The  purpose  of  this  paper  was  to  show  experimentally  that  the  rhythmical 
variations  of  arterial  pressure,  and  of  the  frequency  of  the  contractions  of  the  heart, 
which  are  normally  associated  with  the  respiratory  movements,  may  occur  in  the 
absence  of  those  movements;  and  that  they  cannot  therefore  be  wholly  dependent 
upon  them.  This  is  proved  by  the  observation  that  in  animals  which  are  gradually 
subjected  to  the  toxic  action  of  curare  while  the  variations  of  arterial  pressure  and 
pulse-rate  are  continuously  recorded  on  the  kymograph,  these  variations  persist 
after  the  respiratory  movements  have  erased. 

The  experimental  results  which  form  the  subject  of  this  communication  were 
obtained  by  the  author  in  the  year  18G7.  They  are  now  published  for  the  first  time, 
by  way  of  supplement  to  certain  recently  published  observations  of  Prof.  He-ring 
on  the  subject. 

The  normal  relation  between  the  curve  of  arterial  pressure  and  that  of  thoracic 
expansion  and  contraction  is  now  well  known.  In  the  dog  each  inspiratory  act  is 
followed  by  an  increase  of  arterial  pressure  with  acceleration  of  the  frequency  of 
the  contractions  of  the  heart.  Dining  the  period  of  expiration,  t.  c.  the  interval 
which  separates  one  inspiration  from  its  successor,  tVie  arterial  pressure  sinks  and 
the  pulse  becomes  much  less  frequent.  In  both  cases  the  phenomena  relating  to 
the  circulation  always  occur  later  than  the  corresponding  respiratory  movements  j 
so  that,  c.  c/.j  the  period  of  increase  of  arterial  pressure  and  pulse-frequency  always 
begins  and  ends  later  than  inspiration,  coinciding  usually  in  the  dog  with  the  latter 
half  or  two  thirds  of  the  inspiratory  act  and  the  beginning  of  the  act  of  expiration. 
Hence  the  interval  between  each  such  period  and  its  successor  coincides  with  tho 
latter  part  of  the  expiratory  period  and  the  beginning  of  inspiration,  t.  /».  begins  a 
little  after  each  expiration  and  lasts  after  the  beginning  of  each  inspiration.  In  a 
dog  previously  narcotized  by  morphia  it  is  possible,  by  employing  a  very  small  dose 
of  curare,  to  arrest  the  respiratory  movements  by  such  slow  degrees  that  tho  ell'ect 
of  their  gradual  cessation  on  the  variations  of  arterial  pressure  may  be  watched  in 
all  its  stages.  For  this  purpose  it  is  necessary  before  injecting  tho  curare  to  connect 
the  carotid  or  crural  artery  of  the  animal  with  the  manometer  of  the  kymograph, 
and  to  record  the  respiratory  movements  simultaneously  on  the  same  cylinder  in 
such  a  way  that  the  two  tracings  may  be  written  one  above  the  other,  and  that 
their  synchronous  points  may  be  always  in  the  same  vertical  line.  Tracings  so 
obtained  corresponding  to  various  stages  in  the  action  of  the  curare  were  exhibited. 
The  first  showed  the  character  of  tne  arterial  and  respiratory  curves,  and  their 
relation  to  each  other  before  any  curare  had  been  given.  The  second  exhibited  the 
state  of  the  circulation  when  the  respiratory  movements,  although  irregular,  were 
still  vigorous.  At  the  third  period  the  respiratory  movements  had  become  very 
shallow,  and  there  was  a  distinct  interval  between  inspiration  and  expiration :  the 
inspiratory  effort  was  then  attended  with  a  slight  twitching  of  the  external  muscles 
of  the  larynx,  and  expiration  with  a  similar  twitching  of  certain  muscles  of  the  limbs. 
Finally,  in  the  last  tracing  of  the  series  it  was  seen  that,  although  the  effect  of  tho 
expiratory  effort  was  no  longer  perceptible,  there  was  a  slight  jerk  downwards  of  tho 
lever  which  represented  inspiration. 

Corresponding  to  these  successive  diminutions  of  respiratory  movements,  it  was 
seen  that  the  variations  of  arterial  pressure,  although  they  diminished,  did  not  dis- 
appear. Throughout  the  whole  period  of  observation  it  was  observed  not  only  that 
tne  variations  of  pressure  and  pulse-rate  continued,  but  that  they  preserved  the 
same  relation  precisely  to  the  slight  movements  which  represented  inspiration  and 
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expiration.  After  those  movements  had  entirely  ceased  they  still  preserved  the 
same  character  and  rhythm.  -  • 

From  the  fact  thus  proved  tliartne  rhythmical  variations  of  arterial  pressure  and 
pulse-frequency  persist  in  the  curarized  animal  after  the  respiratory  movements  have 
ceased,  the  author  concludes  that  these  movements  cannot  bo  regarded  as  their 
cause  ;  and  ho  regards  them  both  as  attributable  to  rhythmical  motor  impulses 
originating  from  the  medulla  oblongata,  in  which  the  three  centres  which  preside 
over  the  respiratory  movements  and  those  of  the  circulation  alike  participate,  viz, 
the  centre  of  the  cardiac  vagus,  the  respiratory  centre,  and  the  vasomotor  centre. 
He  supposes  that  with  each  period  of  increased  activity  of  the  inspiratory  centre  a 
period  of  increased  activity  of  the  vasomotor  centre  coincides,  and  that  both  of  these 
centres  act  antagonistically  to  the  centre  of  the  cardiac  vagus.  Each  rhythmical 
excitation  of  the  respiratory  centre  determines  corresponding  excitation  of  tho 
vasomotor  centre,  which  manifests  itself  in  increase  of  arterial  pressure  and  suspen- 
sion of  the  activity  of  tho  cardiac  vagus. 

The  author  adheres  to  the  conclusion  arrived  at  from  his  previous  experiment* 
(Phil.  Trans.  1^(58),  that  in  tho  dog  the  respiratory  movements  of  the  chest  exercise 
a  considerable  direct  and  mechanical  influence  on  the  heart,  and  thereby  on  the 
arterial  pressure. 

Kvptrimentn  refuting  w  the  Coagulation  oftJtc  Blood.   By  E.  A.  SCHAFEH. 

In  tho  course  of  a  scries  of  experiments  upon  tho  coagulability  of  frog's  blood, 
performed  in  the  Physiological  Laboratory  of  L'liivt'r&ity  College,  the  author 


tho  following  facts  :  — 

Tho  blood  of  the  frog  frequently  exhibit  £,  especially  during  the  winter  months, 
but  a  very  slight  tendency  to  coagulate,  so  much  s-o,  that  when  drawn  it  not  unfre- 
quently  remains  completely  liquid,  with  the  exception  of  a  film  in  immediate 
contact  with  the  sides  of  the  ghiss  vessel.  On  standing  such  blood  soon  separates 
into  two  layers,  the  upper  a  clear  plasma,  the  lower  a  mass  of  corpuscles.  If 
undisturbed  the  blood  may  remain  in  this  condition  an  indefinite  time  without 
undergoing  coagulation  ;  although  if  a  little  of  the  clear  supernatant  liquid  be  taken 
up  into  a  vcrv  line  glass  tube  it  speedily  solidities,  owing  to  the  large  relative 
amount  of  surface  to  which  it  is  exposed. 

In  a  fow  cases,  on  the  other  hand,  tho  blood  when  drawn  coagulates  throughout. 
If  examined  after  n  few  hours  it  may  appear  as  if  coagulation  had  not  occurred  at 
all,  since  wo  have  the  vessel  tilled,  as  before,  with  fluid  blood  separated  into  two 
strata.  In  these  coses,  however,  the  clear  supernatant  liquid  yields  no  further 
roagulum  in  a  iine  glass  tube,  thus  showing  that  it  contains  no  iibrin  in  solution, 
i.  e.  that  it  is  m»ruw\  not  plasma;  besides,  the  contracted  remains  of  the  clot  maj 
always  be  found.  The  appearance  of  reliquefnction  of  tho  blood  here  presented  is 
duo  entirely  to  tho  astonishing  amount  of  contraction  which  tho  fibrin  undergoes, 
the  result  of  this  contraction  being  that  not  only  the  serum  but  even  the  corpuscles 
themselves  are  expressed  from  its  meshes*. 

That  the  diminution  in  bulk  of  the  clot  (which  may  proceed  to  such  an  extent  as 
to  leave  but  a  slight  trace)  is  due  to  this  cause  only,  and  not  to  a  roliquefaction  of 
iibrin,  as  v.  Kecklinghausen  supposed,  is  shown  by  the  fact  that  when  the  primary 
congulation  is  complete  no  further  coagiilum  is  obtainable  from  the  serum,  even 
under  the  most  favourable  circumstances. 

But  there  is  a  source  of  error  to  guard  against.  The  blood  may  appear  to  have 
coagulated  throughout,  when  all  tho  while  its  central  portions  may  not  have  par- 
ticipated ;  indeed  this  occurs  in  the  majority  of  cases.  It  is  easy  to  see  that,  under 
such  circumstances,  when  the  fibrin  contracts  the  serum  which  is  expressed  will 
have  mixed  with  it  a  greater  or  less  amount  of  liquor  sanguiuis,  and  hence  will  be 
found  to  be  cougulable. 

*  This  prooops  may  readily  be  observed  microscopically  as  it  occurs  in  a  very  thin* 
walled  capillary  tube.  An  immersion  objective  should  be  used  for  the  purpose  of 
observation. 
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On  tliQ  Normal  an  I  Abnormal  Growth  o/Limmmis. 
By  Professor  CAUL  SEMPER. 


On  the  Occurrence  of  the  Sujpracondyloid  Process  in  Man. 

By  Prof.  SmuTHKRS,  JI/*,/),,  of  Aberdeen, 

The  author  showed  dissections  of  this  part  in  several  animals.  An  arch  of  bono 
is  thrown,  like  a  bridge,  over  the  great  nerve,  and  generally  also  the  {Treat  artery 
of  the  limb,  a  little  above  the  elbow,  protecting  them  from  pressure  and  injury.  No 
such  structure  exists  normally  in  the  human  arm,  but  it  occurs  occasionally  as  a 
variation.  When  it  exists,  the  process  grows  from  exactly  the  same  spot  as  in 
animals  which  possess  it,  and  the  arch  is  completed  by  a  ligament,  the  nerve  and 
generally  also  the  artery  passing  under  the  arch.  This  variety  had  attracted 
some  notice  lately,  and  is  supposed  to  be  very  rare ;  but  the  author  has  found  it 
often,  and  he  exhibited  a  large  number  of  specimens  of  it  from  the  human  arm,  in 
its  various  degrees  of  development.  JZe  had  also  met  with  it  occasionally  in  the 
living  body,  and  had  lately  been  able  to  prove  the  correctness  of  his  previous  sup- 
position that  it  may  be  hereditary,  having  met  with  it  in  the  members  of  a  family, 
in  the  father  and  in  four  sons.  The  author  remarked  on  the  great  interest  attach- 
ing to  this  variation.  In  animals  which  possess  it,  it  is  what,  in  olden  phra- 
seology, would  be  called  a  contrivance  specially  designed  for  the  protection  of  the 
nerve  in  them.  But  why  should  the  same  contrivance  occur  as  a  variety  in  man  ? 
The  old  argument  from  final  cause,  and  no  less  its  successor  the  theory  of"  type,"  be- 
sides being  metaphysical,  become  untenable  in  the  face  of  the  existence  of  these  rudi- 
mentary structures.  The  theory  of  so-called  type  has  a  great  deal  to  answer  for 
in  obscuring  the  natural  interpretation.  If  species  are  of  independent  origin,  how 
comes  it  that  animals  have  in  their  bodies  parts  of  other  animals,  parts  which  are 
of  no  use  to  them,  sometimes  even  dangerous  to  them  r*  To  those  who  are  able  to 
overcome  the  prejudices  of  their  early  education,  the  e\idence  comos  with  irresistible 
force  in  support  of  the  hypothesis  of  the  origin  of  species  by  evolution. 


On  the  Sternum  and  Pelvic  Bone,  in  the  Jtujht  Whale  and  In  Great  Fin- 
Whales.     .By  Prof,  SnumiKiis,  M.I). 

The  sternum  exhibited  showed  a  very  different  form  from  that  of  the  same  species 
of  Fin-Whale  which  Prof.  Struthers  had  brought  under  the  notice  of  the  Associa- 
tion last  year.  Instead  of  a  single  median  cervical  process,  it  has  a  deep  median 
notch  with  a  broad  crest  on  each  side,  and  the  posterior  process  is  very  narrow. 
IVo  sterna  of  the  Greenland  llight  Whale  exhibited  were  large.  The  author 
divides  the  sternum  into  three  parts.  The  middle,  between  the  first  ribs,  is  thick, 
completing  the  thoracic  girdle,  and  essential ;  the,  part  in  front  of  this  and  the 
part  behind  it  vary  greatly,  being  moro  or  less  rudimentary.  The  sternum  of  the 
Finner  has  two  joints  with  the  first  lib,  that  of  tin*  Right  Whale  only  one  joint; 
and  this  difference  in  the  thoracic  adaptation,  together  with  the  great  breadth  of 
the  first  rib  in  the  llight  Whale,  might  explain  tho  very  different  forms  presented 
by  this  bone  in  these  two  kinds  of  whales. 

One  of  these  breast-bones  exhibited  marks  of  former  inflammation  of  the  bones. 
The  author  mentioned  that  he  had  often  met  with  this  condition  in  whales ;  in  some 
cases  ankvlosis  of  the  vertebra)  had  resulted,  and  in  some  there  must  have  been 
considerable  suffering  to  tho  animal.  This  fact  might  bo  commended  to  the  notice 
of  those,  if  there  be  yet  any  such,  who  have  the  notion  that  disease  occurs  in  animals 
only  when  they  come  under  the  influence  of  man. 


On  the  Occurrence  of  Fin yer -muscles  in  the  Bottle-nose  Whale  (Ilyporoodon 

bidens).     By  Prof.  SXRUTUIUHS,  M.D. 

This  bottle-nose  stranded  on  the  Abordocnsliivo  coast  just  after  tho  Meeting  of 
the  Association  last  year  at  Edinburgh,  at  which  the  autlior  read  au  account  of  the 
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finder-muscles  in  the  great  Fin- Whale,  first  noticed  by  Prof.  Flower.  It  had  been 
believed  that  these  muscles  do  not  exist  in  the  toothed  whales ;  but  in  this  bottle- 
nose  they  were  even  better  developed  than  in  the  Finner.  The  extensor  muscles 
especially  were  better  marked,  the  external  extensor,  corresponding  to  the  so-called 
extensor  of  the  little  finger  of  man,  being  also  present.  An  extensor  carpi  radialis 
was  also  present.  Besides  the  muscles  which  are  known  to  exist  at  the  shoulder 
and  arm  in  the  Cetacea,  he  found  a  representative  of  the  biceps  present  here.  These 
muscles  were  mainly  to  be  regarded  as  rudimentary,  but  they  had  a  certain  low 
amount  of  function  by  which  their  presence  as  muscles  is  maintained.  In  some 
other  cetaceans  they  are  represented  entirely  by  fibrous  tissue.  Prof.  Struthers 
exhibited  also  a  dissection  of  the  rudimentary  teeth  concealed  in  the  gum  of  thia 
bottle-nose.  These  teeth  are  alive,  but  useless,  and  their  presence  could  be  rea- 
sonably interpreted  only  by  the  hypothesis  of  evolution. 


ANTHROPOLOGY. 

Address  to  the  Department  of  Anthropology. 
By  Colonel  A.  LANE  Fox.,  F.G.S.,  F.S.A. 

When  the  Council  of  this  Association  did  me  the  honour  of  naming  me  one  of  the 
Vice-Presidents  for  this  Section,  and  the  duty  of  opening  the  proceedings  of  this 
Department  was  committed  to  my'charge,  I  had  before  me  two  alternatives,  which, 
I  suppose,  must  have  suggested  themselves  to  most  of  those  who  have  occupied  the 
Chair  which  I  so  unworthily  fill  uDon  the  present  occasion.  I  had  to  consider 
whether  T  should  prepare  a  communication  upon  some  special  branch  of  study  to 
which  I  had  devoted  my  attention,  or  taking  a  broader  and  more  general  view  of 
anthropological  science  as  a  whole,  I  should  endeavour  to  offer  a  few  remarks  which 
might  oe  useful  in  clearing  the  ground  for  the  valuable  and  interesting  papers  which 
will  be  presented  to  you  in  the  course  of  the  session. 

In  partly  adopting  the  latter  or  more  general  course,  which  I  may  say  is  the  one 
that  is  least  congenial  to  me,  on  account  of  my  conscious  inability  to  deal  satisfac- 
torily with  so  large  a  subject,  and  also  because  I  think  that  in  the  present  state  of 
our  knowledge  we  are  better  employed  in  collecting  evidence  than  in  generalizing, 
I  have  been  influenced  chiefly  by  a  consideration  of  the  many  and  great  defects 
which  have  been  acknowledged  to  exist  in  our  method  of  proceeding  in  this  depart- 
ment of  science — defects  which  are,!  believe,  the  natural  concomitants  of  the  early 
stage  of  development  through  which  we  are  passing,  but  which  we  must  set  pur 
faces  seriously  to  encounter  before  we  can  hope  that  anthropology  will  be  fairly 
admitted  into  the  brotherhood  of  the  established  sciences  which  are  recognized 
under  the  auspices  of  this  Association. 

When  towards  the  conclusion  of  the  last  Meeting  at  Edinburgh  one  of  the  ladies 
present  drew  attention  to  the  generally  unscientific  character  of  the  papers  which 
had  been  read,  she,  I  believe,  said  no  more  than  was  strictly  applicable,  not  only  to 
that  particular  Meeting,  but  to  upwards  of  two  thirds  of  the  papers  which  are  in- 
cluded under  the  head  of  anthropology  elsewhere ;  and  here  I  may  observe  that  if 
no  other  benefit  were  recognized  from  the  participation  of  the  other  sex  in  our  dis- 
cussions, we  should  find  in  it  a  source  from  which  home  truths  of  this  nature  can 
emanate  without  their  setting  our  backs  up.  In  making  these  remarks  I  am  con- 
scious that  I  am  hafting  the  lash  which  may  perhaps  with  some  justice  be  applied  to 
your  Chairman  on  the  present  occasion.  I  cannot,  however,  claim  any  special  ex- 
emption, but  must  share  with  my  brother  anthropologists  any  censure  which  may 
be  justly  due  to  our  shortcomings. 

The  ladies  must  not,  however,  be  too  severe  upon  us  in  this  department,  but 
must  make  allowance  for  the  empiricism  which  is  naturally  attendant  upon  a  new 
study ;  for  the  anthropology  of  to-day  bears,  I  believe,  about  the  same  relationship 
to  the  anthropology  of  the  future  that  alchemy  and  astrology  did  to  the  chemistry 
and  astronomy  of  our  own  times.  •  We  have  established  none  of  the  landmarks, 
the  classifications,  or  the  nomenclature  which  in  other  sciences  serve  to  keep  the 

1872.  12 


158  REPORT — 1872. 

discussions  within  bounds,  and  direct  the  thoughts  of  the  workers  into  useful  chan- 
nels. Anthropology  is  such  a  vast  field  of  study,  it  is  so  impossible  for  any  single 
mind  to  comprehend  the  whole  with  the  precision  that  is  necessary  for  scientific 
purposes,  that  it  demands  more  than  any  other  the  subdivisions  that  are  recognized 
in  the  sister  sciences,  but  which  at  the  present  time  are  absent  in  ours.  Hence  the 
random  range  of  our  discussions ;  each  speaker  naturally  wanders  into  the  path  that 
is  most  familiar  to  him,  and  there  is  no  sufficient  discipline  to  bring  him  tack  into 
the  line  of  march. 

Moreover,  in  dealing  with  anthropological  subjects  we  are  met  with  difficulties 
arising  from  their  closeness  relatively  to  ourselves.  The  same  impediment  which 
in  the  eye  of  the  law  incapacitates  a  man  from  judging-  or  even  from  giving  an 
impartial  evidence  in  his  own  case  meets  us  at  every  turn.  It  is  comparatively  easy 
to  generalize  when  dealing  with  external  nature ;  but  when  the  materials  on  which 
we  have  to  work  are  drawn  from  the  reservoir  of  human  thoughts  and  actions,  we 
cannot  disengage  ourselves  sufficiently  to  take  a  comprehensive  view  of  the  subjects 
we  are  studying.  I  presume  that  even  the  ablest  amongst  us  must  labour  under  a 
sense  of  incapacity  in  dealing  with  anthropological  speculations.  Wo  may  be  said 
to  stand  in  the  position  of  molecules  of  paint  upon  the  surface  of  a  picture  striving 
to  catch  the  artist's  design.  Is  it  surprising  there  should  be  confusion  of  tongues 
in  such  a  Babel  as  we  are  building  ? 

Since,  then,  our  anthropological  field  of  vision  is  so  extremely  limited,  it  behoves 
us  all  the  more  in  this  branch  of  study  to  concern  ourselves  with  the  arrangement 
of  our  subdivisions,  in  order  that  they  may  bear  an  harmonious  relation  to  each  other, 
and  whilst  giving  full  vent  to  individual  thought  and  action,  and  limiting  the  sphere 
of  inquiry  in  each  branch  to  such  matters  as  may  fall  within  the  easy  grasp  of  finite 
minds,  they  may  at  the  same  time  be  rendered  subordinate  to  those  great  general 
objects  which  it  is  the  intention  of  anthropological  science  to  serve ;  for  it  cannot 
be  proclaimed  too  often  that  in  this  country  and  in  this  Association  we  have  not 
adopted  the  term  anthropology  out  of  deference  to  any  particular  dogmas  or  sets  of 
opinions,  or  out  of  regard  for  any  particular  party  or  society,  but  becau.se  that  term 
appears  to  be  etymologically  the  most  accurate  for  embracing  the  whole  of  those 
many  studies  which  are  included  in  the  science  of  man.  As  one  of  those  who  for 
some  years  past  have  taken  part  in  those  practical  measures  which  have  been  as^yet 
only  partially  and  feebly  instrumental  in  promoting  the  union  of  the  anthropological 
sciences,  it  occurs  to  mo  that  the  present  occasion  may  be  a  fitting  one  for  express- 
ing some  of  the  views  which  have  suggested  themselves  to  me  in  the  course  of  my 
experience  whilst  so  engaged.  I  propose,  therefore,  after  considering  briefly  the 
existing  phases  of  one  or  two  of  the  more  important  questions  with  which  anthro- 
pology has  to  deal,  and  saving  a  few  words  on  the  relative  value  of  certain  classes 
of  evidence,  to  speak  of  the  anomalies  and  misadjustments  in  what  may  be  called 
the  machinery  of  anthropological  science,  defects  in  the  existing  constitution  of 
some  of  the  societies  which  either  are  or  ought  to  be  included  amongst  the  branches 
of  our  great  subject.  In  the  remarks  which  I  shall  offer  upon  this  subject  it  is  not 
my  wish  that  any  undue  weight  should  attach  to  the  particular  suggestions  which 
I  may  be  called  upon  to  make  as  in  any  way  emanating  from  this  chair.  My  object 
is  rather  to  draw  the  attention  of  anthropologists  to  the  urgent  necessity  which  exists 
for  better  organization  than  to  propound  any  particular  schemes  of  my  own ;  indeed, 
so  rapidly  do  our  views  change  in  the  infancy  of  a  science,  that  I  should  be  sorry  to 
bind  myself  over  to  accept  many  of  my  own  opinions  a  couple  of  years  hence  ;  for 
there  is,  perhaps,  no  branch  of  study  to  which  we  may  more  truly  apply  the  dictum 
of  Faraday,  that  "  the  only  man  who  ought  really  to  be  looked  upon  as  contemptible 
is  the  man  whose  ideas  are  not  in  a  constant  state  of  transition. 

Amongst  the  questions  which  anthropology  has  to  deal  with,  that  of  the  descent  of 
man  hasbeen  so  elaborately  treated,  and  at  the  same  time  popularized  by  Mr.  Darwin, 
that  it  would  be  serving  no  useful  purpose  were  I  to  allude  to  any  of  the  arguments 
on  which  he  has  based  his  belief  in  the  unbroken  continuity  of  man's  development 
from  the  lower  forms  of  life.  Nor  is  it  necessary  for  one  to  discuss  the  question 
of  the  monogenesis  or  poly  genesis  of  man.  On  this  subject  also  Mr.  Darwin  has 
shown  how  unlikely  it  is  that  races  so  closely  resembling  each  other,  both  physi- 
cally and  mentally,  and  interbreeding  as  they  invariably  do,  should  on  the  theory 
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of  development  have  originated  independently  in  different  localities.  Neither  aro 
we  now^I  think,  in  a  position  to  doubt  that  civilization  has  been  gradually  and 
progressively  developed,  and  that  a  very  extended,  though  not  by  any  means 
Uniterm,  period  of  growth  must  have  elapsed  before  we  could  arrive  at  the  high 
state  of  culture  which  wo  now  enjoy.  The  arguments  of  our  sectional  President, 
Sir  John  Lubbock,  on  this  subject  may,  I  think,  be  accepted  generally  as  those  of 
the  best  exponent  of  these  views  in  our  own  time ;  such  was  the  opinion,  as  we 
loaru  from  various  authorities,  that  was  held  by  most  of  the  ancient  authors,  and 
it  tallies  in  all  respects  with  the  phenomena  of  progress  now  observable  in  the 
world  around  us,  or  which  have  Ixsen  recorded  in  history.  Indeed  it  almost 
appears  probable  that  hail  it  not  been  for  certain  dogmas  inculcated  in  our  youth, 
and  from  the  influence  of  which  in  biasing  our  judgment  it  is  difficult  to  disengage 
ourselves  in  after  years,  we  should  never  for  a  moment  have  thought  it  possiblo 
that  civili/atiou  could  have  arisen  through  any  other  causes  than  those  by  which 
we  actually  see  it  developing  in  our  own  times, 

How  far  the  first  beings  worthy  of  being  called  men  may  have  possessed  superior 
organic  psychical  powers  to  their  predecessors,  and  whether  the  superior  functions 
of  th«i  human  niind  wore  developed  slowly  or  rapidlv  is  a  point  on  which  it  is  more 
difficult  to  form  an  opinion.  In  contrasting  the  psychical  uiflerences  between  man 
find  the  lower  animals,  it  is  so  invariably  the  practice  to  include,  and  indeed  so  impos- 
sible to  a\oid  including,  in  our  estimate  of  the  human  intellect  all  that  conscious 
education  and  unconscious  infantile  culture  has  added  to  the  powers  of  the  mind, 
that  unless  wo  woro  able  to  try  the  expeiiment  of  the  Kgyptian  king,  and  send 
children  to  be  brought  up  with  animals  apart  from  all  intercourse  with  the  human 
race,  we  could  not  place  ourselves  in  a  position  to  compare  truly  the  innate  capacities 
of  the  two,  or  to  form  any  ju.st  estimate  of  the  difficulties  which  prinueval  man, 
even  supposing  him  to  have  possessed  mental  powers  equal  to  our  own,  nuiat  havo 
encountered  in  the  first  stages  of  human  culture.  It  has  Veen  shown  by  Prof. 
Huxlev  and  others  that  there  is  really  no  cerebral  ba:rier  between  men  mul  animals ; 
nor  does  it  appear  beyond  the  pale  of  possibility  that  a  slight  increase  in  the  vivid- 
ness or  permanence  of  the  impressions  of  external  objects  upon  the  mind  cner  that 
possessed  by  the  brutes,  might,  by  marking  more  clearly  the  sequence  of  events, 
be  sufficient  to  initiate  that  faculty  for  improvement  which  is  the  special  charac- 
teristic of  man. 

He  that  as  it  may,  there  is,  I  believe,  nothing  in  the  constitution  of  our  own 
minds  which  can  lead  us  to  doubt  that  the  progress  of  our  first  parents  must  havo 
been  extremely  slow,  or  that  the  slight  improvement  observable  in  the  implements 
of  tho  neolithic  over  those  of  the  palaeolithic  age  did  actually  correspond  to  tho 
continuous  progression  of  human  culture  during  enormous  periods  of  time. 

Now,  if  it  is  true  that  during  the  countless  ages  included  in  the  paleolithic  and 
neolithic  periods  (which  we  know  to  have  been  marked  by  great  geological  changes, 
by  the  union  and  separation  of  great  continents,  by  great  changes  of  climate1,  and 
by  the  migration  of  various  classes  of  fauna  into  distant  parts  of  the  earth)  the 
progress  of  mankind  was  as  slow  and  gradual  as  we  are  warranted  in  supposing  it 
to  have  been  by  the  relics  which  have  been  left  us,  considering  how  short  the 
period  of  history  during  which  the  rapid  development  of  civilization  has  taken 
place  is  in  comparison  with  the  long  periods  of  time  of  which  we  have  been 
speaking,  and  that  progress  is  always  advancing  at  a  rapidly  increasing  ratio,  wo 
need  find  no  difficulty  in  supposing  that  where  savages  are  now  found  in  the 
employment  of  implements  corresponding  to  those  of  the  neolithic  age,  they  pre- 
sent us  with  fairly  correct  pictures  of  neolithic  culture,  being  really  in  ponit  of 
time  ouly  a  little  behind  us  in  the  race  of  improvement.  It  is  reasonable  also  to 
suppose  that  the  use  of  mich  tools  bv  savages,  and  the  culture  associated  with 
them,  was  also,  like  that  of  our  neolithic  parents,  inherited  from  lower  conditions 
of  life,  and  that,  being  slow  and  continuous,  it  was  sufficiently  stable  to  enable  us 
to  trace  connexions  between  people  in  the  same  stage  now  widely  separated,  and 
between  them  and  our  own  neolithic  ancestors. 

The  most  remarkable  analogies  are  in  reality  found  to  exist  between  races  in  the 
same  condition  of  progress ;  and  it  is  to  tho  study  of  these  analogies,  with  the  view 
of  ascertaining  their  causes  and  histories,  that  the  attention  of  anthropologists  has 
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of  late  been  especially  drawn;  and  on  this  subject  I  propose  to  make  a  few  ob- 
servations. 

There  are  two  ways  in  which  it  has  been  attempted  to  account  for  these  ana- 
logous coincidences :  one  by  the  hypothesis  of  inheritance,  to  which  I  have  already 
referred  j  the  other  by  the  view  of  the  independent  origin  of  culture  in  distant 
centres,  assimilated  in  consequence  of  the  similitude  of  the  conditions  under  which 
it  arose.  It  is  said  that  the  wants  of  man  being  identical,  and  the  means  of  sup- 
plying those  wants  by  external  nature  being  alike,  like  causes  would  produce  like 
effects  in  many  cases.  There  can  bo  little  doubt  that  many  remarkable  analogies 
have  arisen  in  this  manner,  especially  amongst  the  very  variable  myths,  customs, 
religions}  and  even  languages  of  savage  races,  and  that  it  would  bo  dangerous  to 
assume  connexion  to  have  existed  except  in  cases  where  a  continuous  distribution 
of  like  arts  can  be  traced.  On  the  other  hand,  we  should  commit  a  grave  error  if 
we  were  to  assume  the  hypothesis  of  independent  origin,  because  no  connexion  is 
found  to  exist  at  the  present  time;  for  we  are  as  yet  almost  entirely  ignorant  of  the 
archaeology  of  savage  and  barbarous  races.  It  is  but  fifteen  years  since  we  began 
to  study  the  prehistoric  archaeology  of  our  own  race,  which  has  already  carried  us 
so  far  on  the  road  towards  connecting  us  with  savages  j  and  can  we  say  what 
further  connexions  may  be  brought  to  light  when  the  river-drifts  of  such  rivers  as 
the  Niger  or  the  Amazons  come  to  be  studied  ?  Nor  can  it  fairly  be  said  that  the 
wants  of  mankind  are  alike  in  all  cases  ;  for  if  we  adopt  the  principle  of  evolution, 
it  is  evident  that  the  wants  of  man  must  have  varied  in  each  successive  stage  of  pro- 
gress, diminished  culture  being  associated  with  reduced  wants,  thus  carrying  us  back 
to  a  condition  of  man  in  which,  being  analogous  to  the  brutes,  he  could  scarcely  be 
said  to  have  any  wants  at  all  of  an  intellectual  or  progressive  character. 

It  would  be  an  error  to  apply  either  of  these  principles  exclusively  to  the  inter- 
pretation of  the  phenomena  of  civilization.  In  considering  the  origin  of  species,  we 
are  under  the  necessity  of  allying  ourselves  either  on  the  side  of  the  monogcnists  or 
that  of  the  polygmists;  but  in  speaking  of  the  origin  of  culture,  both  principles  may 
be,  and  undoubtedly  are,  applicable.  There  is,  in  tact,  no  royal  road  to  knowledge  on 
this  subject  by  the  application  of  general  principles ;  the  history  of  each  art, 
custom,  or  institution  must  be  diligently  worked  out  by  itself,  availing  ourselves 
of  the  clue  afforded  by  race  as  only  the  most  probable  channel  of  communication 
and  development.  Wo  may  be  certain,  however,  that  in  all  cases  culture  was  con- 
tinuously and  slowly  developed.  Wherever  we  find  an  art  or  institution  in  an  ad- 
vanced or  a  conventionalized  state,  we  may  be  certain  that  it  did  not  originate  and 
was  not  invented  in  that  condition,  but  was  the  result  of  slow  growth ;  and  if  the 
evidence  of  such  growth  is  wanting  in  the  locality,  or  amongst  the  people  with 
whom  it  exists,  it  is  rational  to  look  for  it  elsewhere.  Where,  on  the  other  hand, 
the  arts  are  in  a  low  stage  of  development,  closely  allied  to  each  other  in  their 
objects,  forms,  or  appliances,  and  largely  dependent  on  the  unaltered  productions  of 
nature,  we  may  assume  that  they  are  indigenous. 

There  is  but  one  existing  race  the  habits  of  which  are  sufficiently  well  known, 
which  can  be  said  to  present  in  any  great  degree  the  characteristics  of  a  primaeval 
people,  and  that  is  the  Australians.  As  I  have  elsewhere  noticed,  all  the  weapons 
and  tools  of  the  Australians,  whatever  the  uses  to  which  they  are  applied,  are 
closely  allied  to  each  other  in  form.  The  spear,  the  club,  the  malga,  the  boomerang, 
and  the  heileman,  or  rudimentary  shield,  all  pass  into  each  other  by  subvarieties  and 
connecting  links,  and  all  consist  of  the  but  slightly  modified  natural  forms  of  the 
stems  of  trees  and  other  natural  productions.  The  Australian  in  his  arts  corresponds 
the  most  closely  of  any  people  now  living  to  those  of  the  palaeolithic  a^e.  His  stone 
axe  is  sometimes  held  in  the  hand  when  used,  and,  like  the  palaeolithic  man,  he  has 
not  yet  conceived  the  idea  of  boring  a  hole  through  it  for  the  insertion  of  a  handle. 
In  some  cases  he  cannot  without  instruction  even  understand  the  use  of  such  a  hole 
when  he  sees  it  in  the  axes  of  European  manufacture.  A  most  remarkable  instance 
of  this  was  brought  to  my  notice  not  long  ago  by  Mr.  Grimaldi,  who  found  on  tho 
site  of  a  deserted  native  camping-ground  a  European  axe  having  a  hole  for  tho 
handle,  which  the  natives,  unable  to  conceive  the  use  of  this  part,  had  filled  up  with 
gum,  and  hafted  by  means  of  a  withy  bent  round  the  outside  of  the  hole,  in 
accordance  with  their  traditional  custom.  Through  the  kindness  of  the  owner,  I 
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have  here  exhibited  a  drawing  of  this  most  instructive  specimen  of  the  primaeval 
arts  of  the  Australians.  In  the  temporary  museum  established  he»-e  during  the 
meeting  of  the  Association,  you  will  see  a  case  containing  knives  of  stone,  glass,  and 
iron,  all  of  exactly  the  same  form,  and  bafted,  if  one  may  use  such  a  term  for  the 
attempt  to  form  a  handle,  precisely  in  the  same  manner,  showing  with  what 
tenacity  these  people  retain  their  ancient  forms,  even  after  they  have  been  supplied 
with  European  materials. 

Now  it  has  been  shown  in  some  cases;  and  here  I  especially  refer  to  the  account 
lately  published  by  Mrs.  Millet,  of  the  Native  School  e.^tablished,  under  conditions 
only  partially  favourable  to  its  success,  in  the  interim-  of  Western  Australia*.  Tho 
Australians  are  found  in  some  cases  to  be  not  o-ily  capable,  but  e^en  quick  in  re- 
ceiving instruction.  It  is  eudent,  therefore,  that  we  should  be  wrong  if  we  wore  to 
attribute  the  e  A  traordinary  retardation  of  culture  on  the  Australian  continent  to 
racial  incapacity  alone ;  racial  incapacity  is  one.  item,  but  not  the  only  item  to  be  con- 
sidered in  studying  the  de\  elopment  of 'culture. 

The  earliest  inhabitants  of  the  globe,  as  they  spread  themselves  over  the  earth, 
would  carry  with  them  tho  rudiment-*  of  cultiinMvliich  they  nn&»essed,  and  we  should 
naturally  expect  to  find  that  the  most  primitive  arts  were,  in  the  first  instance,  the 
most  widely  disseminated.     Amongst  the  primaeval  weapons  of  the  Australians  I 
have  traced  the  boomerang  ami  the  rudimentary  parrying  shield  (which  latter  is 
especially  a  primitive  implement)  to  the  Drn\idian  races  of  the  Indian  peninsula  and 
to  the  ancient  Egyptians  ;  and  although  this  is  not  a  eircum. stance  to  bo  relied  uuon 
by  itself,  it  is  worthy  of  careful  attention  in  connexion  with  the  circumstance  nwit 
these  races  have  alfboen  traced  by  Prof.  Huxley  to  the  Australoid  stock,  and  that 
a  connexion  between  the  Australian  and  Dravidian  language**  lias  been  stated  to 
exist  by  Mr.  Morris,  the  llov.  It.  (.'nldwell,   Dr.  Bleek,  nhd  otherst.     And  here  I 
mut»t  ask  for  one  moment  to  repeat  the  reply  which  I  have  elsewhere  given  to  the 
objection  which  has  been  made  to  my  including  these  weapons  under  the  same  class, 
viz.  "  that  the  Dravidian  boomerang  does  not  return  like  the  Australian  weapon." 
Tho  return  flight  is  not  a  matter  of  such  primary  importance  as  to  constitute-  a 
generic  difference,  if  1  may  use  the  expression :  the  utility  of  the  return  flight  has 
been  greatly  exaggerated  ;  it  is  owing  simply  to  the  comparative  thinness  and  light- 
ness of  the  Australian  weapon.     All  who  have  witnessed  its  employment  by  the 
natives  concur  in  saying  that  it  has  a  random  range  in  its  return  flight.     Any  one 
who  will  take  the  trouble  to  practise  with  the  different  forms  of  this  weapon  will 
perceive  that  the  essential  principle  of  the  boomerang  (call  it  by  whatever  name  you 
please)  consists  in  its  bent  and  flat  form,  by  means  of  which  if  can  be  thrown  with 
a  rotatory  nunemeiit,  thereby  increasing  the  range  andjtatue**  of  thf  trajectory.     I 
have  practised  with  the  boomerangs  of  di  Heron  t  nations.     I  made  a  facsimile  of  the 
Kgyptian  boomerang  in  the  British  Museum,  and  practised  with  it  for  some  time 
upon  Wormwood  Scrubs,  and  I  fouud  that  in  time  I  could  increase  the  range  from 
fifty  to  one  hundred  paces,  which  is  much  further  than  I  could  throw  an  ordinary 
stick  of  the  same  si/e  with  accuracy.     1  also  succeeded  in  at  last  obtaining  a  return 
Ilight,  so  that  the  weapon,  after  flying  seventy  paces  forward,  returned  to  within 
seven  paces  of  the  position  in  which  I  was  standing.     This  settles  the  question  of 
the  identity  of  the  Egyptian  boomerang;  in  fact  it  flies  better  than  many  Austra- 
lian boomerangs ;  for  they  vary  considerably  in  si/.e,  weight,  and  form,  and  many 
will  not  return  when  thrown.     The  efficacy  of  the  boomerang  consists  entirely  in  th«> 
rotation,  by  means  of  which  it  sails  up  to  a  bird  upon  the  wing  and  knocks  it  down 
with  its  rotating  anus ;  very  fowof  them  have  any  twist  in  their  construction.   The 
stories  about  hitting  an  object  with  accuracy  behind  the  thrower  are  nursery  tales; 
but  a  boomerang  when  thrown  over  a  river  or  swamp  will  return  and  be  saved.    In 
tracing  the  connexion  between  the  arts  of  a  people  it  is  as  necessary  to  study  the  prin- 
ciples of  construction,  as  in  tracing  the  connexion  of  languages  or  any  other  of  tho 
productions  of  human  intellect.   To  deny  tho  affinit  v  of  tho  A  ustrnlian  and  Dravidian 
uoomorang  on  account  of  the,  absence  of  a  return  flight  would  be  the  same  as  deny- 
ing the  affinity  of  two  languages  whose  grammatical  construction  was  the  same 
because  of  their  differing  materiall)  in  their  vocabularies. 

*  Australian  Parsonage,  or  the  Settler  and  tho  Savage,  by  Mrs.  E  Millet,  chap.  vii. 
t  Journal  of  the  Anthropological  Institute,  No.  1.  vol.  i.,  July  1871. 


162  REPORT— 1872. 

Implements  characteristic  of  the  neolithic  stage  of  culture  have  been  found  in 
all  parts  of  the  world,  and  the  identity  of  their  forms  in  regions  remote  from  one 
another  has  attracted  the  notice  of  archaeologists,  By  degrees  some  of  the  most 
primitive  weapons  would  be  superseded  by  others,  and  the  improved  forms  would 
be  rapidly  disseminated.  Community  of  goods,  which  is  characteristic  of  a  primi- 
tive state  of  society,  would  be  a  means  of  disseminating  these  improvements  far 
more  rapidly  than  afterwards,  when  the  idea  of  personal  property  had  been  intro- 
duced, and  before  trade  had  been  established.  It  has  been  found  that  in  Western 
Australia,  whore  no  individual  is  able  long  to  retain  any  thing  as  his  own,  and 
where  members  of  another  tribe  are  supposed  to  have  a  special  claim  on  the  pos- 
sessions of  an  individual,  this  custom  has  been  the  moans  of  conveying  articles  of 
European  manufacture  far  inland  into  districts  where  the  white  man  is  unknown. 
We  nave  also  proof,  in  the  migration  of  the  Malays  into  Madagascar  and  the 
spread  of  the  Polynesian  race  over  the  Pacific  Ocean,  that  oceanic  boundaries  are 
not  sufficient  to  prevent  intercommunication  between  distant  countries,  and  that 
intercourse  between  people  in  a  comparatively  low  state  of  culture  must  frequently 
have  taken  place  in  prehistoric  times.  The  earliest  improvements  would  thus  in 
time  become  the  most  widely  disseminated,  aud  therefore  the  most  difficult  to  trace 
by  their  distribution  at  the  present  time. 

Amongst  the  earliest  improvements  upon  the  primitive  arts  of  man  would  be  the 
substitution  of  the  throwing-stick  by  the  bow  an  a  means  of  accelerating  the  flight 
and  force  of  the  javelin,  JSo  decided  an  advance  in  the  employment  of  missile  force 
would  lead  to  the  discontinuance  of  the  throwing-stiek  for  ordinary  purposes 
wherever  the  bow  wa*  introduced.  The  throwing-stiek  is  now  found  only  in 
distant  and  unconnected  regions,  vix.  in  Australia,  amongst  the  Esquimaux  and  the 
Pur  us  Purus  Indians  of  South  America  ;  and  it  has  been  assumed,  on  account  of 
the  isolated  positions  in  which  it  is  found,  that  it  must  be  indigenous.  On  the 
other  hand,  the  use  of  the  bow  is  almost  universal ;  and  it  has  equally  been  assumed, 
on  account  of  its  world-wide  distribution,  that  it  must  be  indigenous  in  different 
localities,  and  not  derived  from  a  common  centre.  ( Jeo^rnphioal  distribution,  how- 
ever, although  affording  the  best  evidence  obtainable,  cannot  be  relied  upon  with 
certainty  in  the  case  of  so  early  an  invention  us  the  bow  appears  to  have  been. 
I  cannot  concur  in  thinking  that  wo  have  any  sure  e^  idenee  that  the  bow  originated 
in  different  places ;  on  the  contrary,  what  evidence  we  have  appears  to  me  to  be  of 
a  contrary  tendency. 

In  tropical  and  temperate  regions  the  elastic  properties  of  wood  and  its  appli- 
cability to  the  purposes  of  offence  would  force  itself  upon  the  notice  of  the  aboriginal 
mnn  as  he  pushed  his  way  through  the  underwood  of  the  primaeval  forest.  He 
would  perceive  that  by  tying  his  lance  to  the  end  of  an  elastic  stem,  and  by  a  simple 
contrivance  for  retaining  it  in  a  bent  position  until  the  proper  time  arrived  for 
releasing  the  spring,  it  might  be  made  to  pierce  other  animals  as  they  passed 
through  the  wood  ;  hence  the  spring-lance  or  trap,  which  we  find  widely  distri- 
buted in  parts  of  Africa  and  Southern  Asia,  and  which  in  later  years  has  been 
carried  by  the  negroes  into  South  America.  .By  degrees  he  would  see  that,  with 
the  addition  of  a  string,  the  trap  might  be  made  to  project  the  lance  with  great 
force  and  accuracy;  and  the  power  thus  a  f  lorded  of  wounding  a  wild  animal  or  an 
enemy  at  a  distance  would  at  once  commend  it  to  his  adoption.  Where  suitable 
spring  wood  existed,  the  construction  of  the  bow  was  simple  enough  ;  but  when  the 
use  of  this  weapon  penetrated  into  northern  climes,  where  an  arctic  flora  did  not 
supply  wood  of  sufficient  elasticity  for  the  purpose,  it  would  become  necessary  to 
supplement  the  stiff  pine- wood  or  bone  by  some  suitable  material.  It  would  be 
found  that  the  sinews  of  animals  fastened  along  the  back  would  supply  the  elasticity 
that  was  wanting.  By  this  means  he  would  be  led  to  the  use  of  the  composite 
bow,  which  is  the  bow  peculiar  to  the  northern  hemisphere.  A  comparison  of  the 
modern  Persian  composite  bow  with  those  figured  on  the  Greek  vases  proves  that 
this  was  the  form  of  bow  used  by  the  Scythians  and  others  in  ancient  times.  In 
Lapland  we  find  the  same  form,  It  was  'carried  by  the  northern  immigrants  into 
India,  but  it  is  not  indigenous  in  that  country.  By  the  Tartars  it  was  introduced 
into  China.  We  find  it  also  on  the  east  coast  of  Siberia.  Across  Behring  Strait  it 
reappears  amongst  the  Esquimaux  in  its  most  primitive  form ;  but  the  returns  at 
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the  ends  prove  it  to  be  unmistakably  the  same  weapon  as  the  Tartar  bow.  It  is 
found  also  in  British  Columbia,  and  down  the  west  coast  of  America  as  far  as 
California. 

Here,  then,  we  have  the  continuous  distribution  across  two  entire  continents  of 
a  particular  class  of  bow,  of  a  more  complex  form  than  the  southern  bow,  and  one, 
therefore,  which  is  not  likely  to  have  been  adopted  except  by  a  people  to  whom  the 
simpler  but  equally  effective  form  was  known,  but  who  did  not  possess-  the  mate- 
rials necessary  for  its  construction.  It  would  not,  perhaps,  require  a  very  wide 
stretch  of  imagination  to  suppose  that  this  class  of  bow  may  have  originated  at  a 
time  when  an  arctic  flora  similar  to  that  existing  amongst  the  Esquimaux  may 
have  been  more  widely  distributed  in  the  northern  hemisphere  than  at  present,  and 
its  advantages  for  employment  on  horseback  would  be  a  cause  for  retaining?  it.  Be 
that  as  it  may,  we  have  proof  that  this  composite  bow  is  of  great  antiquity,  and  that 
it  has  been  carried  by  intruding  races  into  distant  countries.  May  not  the  use  of 
the  simpler  and  earlier  bow  have  been  spread  in  the  same  manner?  It  may  have 
been,  but  we  cannot  say  that  it  was.  The,  resemblance  between  the  South-Ame- 
rican bows  and  arrows  and  those  from  "New  Guinea  is  ,so  close  that  it  is  sometimes 
difficult  to  distinguish  them.  Even  the  ornamentation  upon  them  is  much  alike; 
and  it  is  well  known  to  all  Prehistorians  th.it  the  arrow-he, -ids  found  on  the  Ame- 
rican continent  present  all  the  four  types  of  leaf-shaped,  lozenge-shaped,  triangular, 
and  barbed,  that  ore  found  in  Europe. 

As  by  degree*  the  use  of  the  bow  spread  over  the  world,  that  of  the  tbrowing- 
stick  would  tend  to  disappear.  \Ve  have  some  grounds  for  supposing  that  the  latter 
instrument  wa*  formerly  in  use  in  the  Pelew  Inlands  ;  and  Mr.  Franks  lias  found  it 
amongst  some  Mexican  relics  probably  preened  in  a  tomb.  May  it  not  also  have 
existed  formerly  in  other  localities  wheiv  it  ha*  not  been  preserved  in  tombs,  and 
where  no  traet*  of  it  now  exists?  If  this  were  the  case,  where  should  we  now 
expect  to  find  it  retained?  In  such  localities  as  the  Arctic  seas,  when*  lack  of 
suitable  material*  still  renders  the  construction  of  the  bow  a  work  of  great  diffi- 
culty, as  is  shown  by  the  manner  in  which  several  pieces  of  hard  bone  are  some- 
times fastened  together  to  form  one,  or  in  Australia,  where  the  knowledge  of  the 
use  of  the  bow  lm«<  inner  penetrated. 

Closely  connected  with  the  bow,  the  harpoon  may  bo  instanced  as  nn  example  of 
early  origin  and  wide  distribution.  The  harpoon  is  found  in  some  of  the  French 
raves,  nmon<r^t  tin4  earliest  bone  relics  of  human  workmanship  that  have  been 
brought  to  light.  Its  present  distribution  is  almost  universal,  being  fountl  in 
Australia,  North  and  .South  Africa,  North  and  South  America,  and  in  ail  regions 
where  its  use  has  not  been  superseded  by  more  suitable  contrivances. 

In  proportion  as  our  investigations  are  carried  into  the  higher  phases  of  civili- 
zation, we  lind  our  areas  of  distribution  more  limited,  and  of  move  and  more  value 
to  us  is  tracing  the  continuity  of  culture  ;  and  when  we  come  to  the  distribution  of 
the  metallurgies  arts,  we  iind  thorn  detined  by  marked  geographical  boundaries 
which  are  not  the  boundaries  of  the  great  primaeval  races  of  mankind. 

If  we  draw  a  Hue  across  the  globe  from  Hohring  Strait  in  a  south-westerly  direction 
through  Wallace's  line,  leaving  Australia  on  the  cn^t,  and  take  for  our  period  the 
date  of  the  first  discovery  of  America,  we  shall  lind  that  (putting  aside  the  metal- 
lurgic  culture  of  Mexico 'and  Peru,  which,  it  may  l>e  observed,  is  grouped  round  a 
single  centre)  this  line  separates  the  aren  of  stone  culture  on  the  east  from  the 
area  of  metallurgic  culture  on  the  west;  but  it  parses  straight  through  the  rmm«3\al 
racial  boundaries.  Turning  to  the  ethnological  map  of  the  world,  we  find  in  the 
southern  hemisphere  the  black  races  of  man  occupying  a  continuous  area,  extending 
from  Australia  on  the  east  to  Africa  on  the  west ;  of  these,  the  eastern  portion  are 
in  the  area  of  stone  culture,  whilst  the  western  have  long  become  acquainted  with 
the  use  of  metals.  Or  if  wft  divide,  these  black  races,  as  Prof.  Huxley  has  divided 
them,  into  Au^traloid  nnd  Negroid  stocks,  including  amongst  the  latter  the  Negritos, 
we  find  equally  that  with  each  of  these  primeval  stocks  the  eastern  half  are  in  the 
stone  area,  while  the  western  are  acquainted  with  tire  use  of  metals.  In  the 
northern  hemisphere  wo  also  Hud  the  great  Mongoloid  stock,  which  includes  the 
inhabitants  of  northern  and  eastern  A>iaand  the  two  continents  of  America,  divided 
by  our  line  in  two  portions,  of  which  the  eastern  arc  in  the  stone  area,  while  the 
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western  have  made  considerable  advance  in  metallurgie  culture.  Hero,  then,  we 
see  that  the  distribution  of  the  metallurgic  art  had,  at  the  time  we  speak  of,  spread 
over  three  continents,  and  been  brought  to  a  stand  by  great  oceanic  boundaries, 
beyond  which  it  had  not  penetrated,  unless,  indeed,  it  had  been  carried  by  some 
vessel  to  the  coast  of  Peru. 

If  we  now  take  what  we  may  call  the  metallurgic  area  more  in  detail,  and  endeavour 
to  trace  the  distribution  of  the  implements  of  the  bronze  period,  we  find  that  the  same 
class  of  weapons  and  tools  extends  over  a  continuous  area,  including  the  whole  of 
the  northern,  western,  and  central  parts  of  Europe,  as  far  as  Siberia  on  the  east  j  these 
implements,  including  palstaves,  leaf-shaped  swords,  and  socket  celts,  with  the  moulds 
for  casting  them,  are  of  a  character  to  prove  that  the  diffusion  of  tho  bronze  culture 
throughout  this  area  must  have  been  connected  and  continuous.  In  Egypt,  Assyria, 
India,  and  China  we  have  also  bronze ;  but  tho  forms  of  the  implements  do  not,  as 
a  rule,  correspond  to  those  of  the  area  above  mentioned :  our  knowledge  of  the 
bronze  weapons  of  India  and  China  is,  however,  extremely  limited  as  yet.  I  have 
elsewhere  given  my  reasons  for  believing  that  tho  knowledge  of  the  use  of  iron  in 
Africa  must  have  been  derived  from  a  common  centre ;  not  only  is  the  mode  of 
working  it  the  same  throughout  that  continent  and  in  India,  but  the  forms  of  the 
weapons  fabricated  in  this  metal,  and  especially  the  corrugated  blades,  are  the  same 
in  every  part,  and  appear  to  have  been  copied  and  retained  through  habit  whore- 
ever  the  use  of  iron  has  penetrated.  I  have  lately  traced  this  peculiar  form  of  blade 
in  several  parts  of  the  Indian  peninsula  and  Bnrmah,  and  I  have  no  doubt  it  will 
eventually  be  found  further  to  the  north,  so  as  to  connect  tho  area  of  its  distribution 
continuously  with  those  of  the  same  identical  construction  that  are  found  in  the 
Saxon  and  Frankish  graves. 

The  distribution  01  megalithic  monuments  extends  in  a  continuous  belt,  as  has 
been  repeatedly  shown,  from  western  Europe  to  eastern  and  southern  India  ;  and 
however  little  disposed  some  of  us  may  be  to  agree  with  Mr.  Fergusson  as  to  the 
age  to  which  he  refers  these  monuments,  for  my  part  I  concur  with  him  in  thinking 
that  their  distribution  denotes  intercommunication  on  the  part  of  the  constructors 
of  them.  The  art  of  enamelling,  which  was  known  to  the  OeJts  and  Komniifl,  as 
well  as  to  the  Chinese,  will,  I  have  no  doubt,  bo  shown  hereafter  to  ha^e  been  de- 
rived from  the  east,  or  at  least  to  have  spread  from  a  single  source.  It  is  worthy 
of  notice  that  the  present  distribution  of  filigree  work,  which  is  closely  connected 
with  enamelling,  and  which  may  be  regarded  as  a  survival  of  that  antique  art,  is 
now  found  to  be  practised  in  a  continuous  belt  from  China  on  the  east  to  Spain  on 
the  west ;  and  with  the  exception  of  some  rough  Scandinavian  work  of  the  same 
character,  it  is  not,  I  believe,  found  out  of  this  channel.  This,  indeed,  appears  to 
have  been  the  high  road  of  communication  in  non-historic  times,  and  indicates  the 
route  through  which  many  of  the  so-called  early  European  discoveries  may  have 
been  derived. 

I  have  thus  briefly  alluded  to  the  distribution  of  some  of  the  arts  associated  with 
early  culture,  with  the  view  of  showing  that  as  our  knowledge  increases  wo  may 
expect  to  be  able  to  trace  many  connexions  that  we  are  now  ignorant  of,  and  that 
we  should  be  careful  how  we  too  readily  assume,  in  accordance  with  the  theory  which 
appears  popular  among  anthropologists  at  the  present  time,  that  coincidences  in  the 
culture  of  people  in  distant  regions  must  invariably  have  originated  independently 
because  no  evidence  of  communication  is  observable  at  the  present  time.  Owing, 
perhaps,  to  a  praiseworthy  desire  to  refute  the  arguments  of  Archbishop  Whately 
and  others,  who  have  erroneously,  as  I  think,  assumed  that  because  no  race  of 
existing  savages  has  been  known  to  elevate  itself  in  the  scale  of  civilization,  therefore 
the  first  steps  in  culture  must  have  resulted  from  supernatural  revelation,  we  have 
now  had  a  run  upon  the  theory  of  what  may  be  called  the  spontaneous  generation 
of  culture  ;  and  the  pages  of  travel  have  been  ransacked  to  find  examples  of  inde- 
pendent origin  and  progress  in  the  arts  and  customs  of  savage  tribes.  Owing  to 
this  cause,  we  have,  I  think,  lost  sight  in  a  great  measure  of  the  important  fact 
which  history  reveals  to  us,  that,  account  for  it  as  we  may  (and  it  is  one  of  the  great, 
problems  of  Anthropology  to  account  for  it  if  we  can),  the  civilization  of  the  world 
has  always  advanced  by  means  of  a  leading  shoot;  and  though  constantly  shifting 
its  area,  it  has  within  historic  times  invariably  grouped  itself  round  a  single  centre. 
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from  which  the  arts  have  been  disseminated  into  distant  lands  or  handed  down  to 
posterity.    In  all  cases  a  continuous  development  must  be  traced  before  the  problem 
of  origin  can  be  considered  solved ;  the  development  may  have  been  slow  or  it  may 
have  been  rapid,  but  the  sequence  of  ideas  must  have  been  continuous,  and  until  that 
sequence  is  established  our  knowledge  i»  at  fault.     As  with  the  distribution  of 
plants,  certain  soils  are  favourable  to  the  growth  of  certain  plants,  but  we  do  not 
on  that  account  assume  thorn  to  be  spontaneous  offspring  of  the  soil,  so  certsdn  arts 
and  phases  of  culture  may  flourish  among  certain  races  or  under  certain  conditions 
of  life.     But  it  is  as  certain  that  each  art,  custom,  and  institution  had  its  history  of 
natural  growth  ;  it  is  that  each  s«>ed  which  sprouts  iu  the  noil  once  fell  from  a  parent 
stein.     The  human  intellect  is  tho  s-oil  in  which  the  arts  and  sciences  may  bo  said 
to  grow  ;  and  this  is  the  only  condition  of  tilings  compatible  with  the  existence  of 
minds  capable  of  adapting  external  nature,  but  possessing  no  power  of  originality. 
If  I  am  right  in  supposing  that  it  is  one  of  the  primary  objects  of  Anthropological 
Science  to  tiaco  out  the  history  and  sources  of  human  culture,  a  consideration  of  the 
relative  value  of  the  various  classes  of  e\idence  on  which  we  rely  for  this  purpose 
will  bo  admitted  to  be  a  que.stion  of  no  Alight  importance  in  connexion  \\ith  our  sub- 
ject.   We  must  distinguish  between  those  brandies  of  study  \\  Inch,  we  are  apt  to  look 
upon  as  intrinsically  the  highest,  and  on  that  account  the  most  s«ttractive,  and  those 
which  ure  of  most  value  as  evidence  of  man  in  a  low  condition  of  culture.   To  the  re- 
ligions, myths,  institutions,  and  language  of  a  people  we  are  naturally  drawn,  as  af- 
fording the  best  indications  oi'  their  mental  endowments  ;  but  it  is  evident  that  these 
carry  us  no  further  bnck  in  time  than  the  historic  period ;  and  howe\  er  necessary  to  be 
.studied  as  branches  of  our  science,  the\  fail  to  afford  us  any  direct  evidence  of  those, 
vast  ages  during  which  our  species  appears  to  ha\e  gradually  taken  upon  itself  the 
characteristics  of  humanity  :  everv  ajie  has,  however,  left  us  the  relies  of  its  material 
arts,  which,  \\ hen  studied  comprehensively  in  connexion  with  the  geological  record, 
may  be  taken  as  evidence  of  mental  development  from  the  earliest  period  of  time. 
Nor  is  it  in  point  of  time  alone,  but  also  by  reason  of  their  stability,  that  tin-  material 
arts  uflbrd  us  the  wires  t  evidence  on  which  to  reconstruct  our  social  edifice.     The 
tendency  to  constant  variation  within  narrow  limits  is  n  psychical  characteristic  of 
the  unculthated  man  ;  but  the  material  arts  are  not  subject  to  those  comparatively 
abrupt  changes  to  which,  prior  to  the  introduction  of  writing,  all  branches  of  culture 
are  liable  which  art*  dependent  for  their  transmissions  on  the  memory,  and  which 
are  communicated  byword  of  mouth. 

lujw  who  have  read  the  work>  of  J'rof.  Max  Muller  or  Mr.  Farrar  can  fail  to  be 
struck  \\ith  the  value  of  theeudencc  a  Horded  by  language,  s*o  far  as  it  goes,  but,  on 
the  other  hand,  with  the  \eryshort  distance  to  which  it  carries  us  backiu  investiga- 
ting the  origin  of  speech  ;  nor  is  this  suriwisiii'jr  \\hcn  it  is  considered  how  constant 
imtet  have  been  tne  changes  to  which  language  was  subject  in  prehistoric  times. 
Amongst  the  one  hundred  islands  occupied  by  the  Melancsian  race,  the  Bishop  of 
Wellington  informs  us  there  are  no  less  than  two  hundred  languages,  differing  from 
each  other  as  much  as  Dutch  and  (lernian  ;  and  this  diversity  of  languages  and  dia- 
lects is  confirmed  by  Mr.  Turner,  in  his  account  of  his  nineteen  years'  residence  in 
Polynesia.  Amongst  t  he  IVnons,  or  savage  tribes  of  Cambodia,  we  read  of  the  great 
number  of  dialects  spoken  by  tribes  whose  manners  and  customs  are  the  same. 
Amongst  the  Musgu  of  Central  Africa,  Barth  tells  us  that,  owing  to  the  absence  of 
friendly  intercourse  between  the  se>  eral  tribes  and  families,  such  a  number  of  dialects 
bad  sprung  up  as  to  render  communication  between  them  difficult.  Upon  the  river 
Amazon  Mr.  nates  mentions  that  in  a  single  canoe  he  found  several  individuals 
speaking  languages  so  different  *ns  to  be  unintelligible  to  the  others.  In  a  state  of 
culture  in  which  such  diversity  of  tongues  existed,  what  could  have  been  the 
chance  of  preserving  unchanged  tho  myths,  religions,  and  all  those  manifestations 
of  intellect  which  are  dependent  on  tradition  Y  it  has,  in  fact,  been  found,  by 
those  most  competent  to  judge,  that  they  are  not  reliable  in  any  great  degree  as 
evidence  of  connexion  between  distant  tribes  and  races  in  an  early  condition  of 
culture.  Even  in  cases  in  which  time  and  dnersity  of  dialect,  as  causes  change, 
have  been  eliminated,  the  experience  of  everyday  life  proves  how  little  reliance  is 
to  be  placed  in  the  verbal  transmission  of  ideas.  In  studying  Gallic  traditions, 
Mr.  Campbell,  of  Islny,  who  has  collected  a  larger  number  of  (iullic  stories  than 
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any  man  living,  informs  me  that  although  the  general  plot  of  a  story,  like  the 
grammatical  construction  of  a  language,  may  with  doubt  and  difficulty  be  traced 
through  many  variations  into  distant  countries,  the  details  in  all  that  relates  to 
names  of  the  heroes,  costumes,  and  implements,  and  all  the  material  events  con- 
nected with  the  stories  are  subject  to  such  radical  changes  as  to  render  them  totally 
untrustworthy  in  point  of  date  and  sequence.  Mr.  Tylor  also,  in  his  interesting 
and  valuable  work  on  primitive  culture,  lias  stated  his  inability,  by  means  of  myths 
and  religions,  to  trace  in  the  majority  of  cases  the  connexion  between  early  races; 
and  this  circumstance,  fairly  and  rationally  as  he  has  placed  it  before  us  in  all  his 
writings,  has,  I  venture  to  think,  led  many  who  rely  mainly  on  this  class  of  evi- 
dence to  incline  too  strongly  towards  the  hypothesis  of  independent  origin  (more 
so  at  least  than  I  should  be  disposed  to  do),  and  to  make  insufficient  allowance  for 
the  rapidly  recurring  changes  produced  bv  the  imperfect  transmission  of  ideas, 
through  the  operation  of  which  all  trace  of  the  channels  of  communication  would 
be  rapidly  obliterated,  and  those  myths  which,  from  being  best  suited  to  the  mental 
condition  of  the  people,  had  survived  in  distant  countries  would  present  the  ap- 
pearance of  spontaneous  and  independent  origin.  In  all  this  class  of  anthropolo- 
gical evidence  Mr.  Tylor  has  shown  that  the  invention  of  writing  and  other  con- 
comitants of  improved  culture  have  been  the  means  of  introducing-  an  element  of 
stability  and  permanence,  so  that  we  are  presented  with  tho  phenomena  of  progress 
in  the  direction  of  unity  and  simplicity  as  opposed  to  diversity  and  complexity. 
On  the  other  hand,  the  language  of  tho  arts  may  be  said  to  have  been  a  written 
language  from  the  time  of  the  first  appearance  of  man  upon  the  earth ;  less  liable 
to  variation  in  transmission,  the  links  of  connexion  between  lower  and  higher 
forms  have  been  preserved  and  handed  down  to  us  from  the  remotest  period  of 
time,  and  by  testifying  to  the  comparatively  steady  and  continuous  development 
which  has  taken  place,  encourage  us  to  hope  that  by  diligently  prosecuting  our 
studies  into  this  department  of  anthropology,  every  relic  of  prehistoric  ages  may 
eventually  be  made  to  mark  its  own  placo  in  sequence,  if  not  in  time. 

The  greater  stability  of  tho  material  arts  as  compared  with  the  11  ucl nations  in 
the  language  of  a  people  in  a  state  of  prinuo^jil  savagery  is  well  shown  by  a  con- 
sideration of  the  weapons  of  the  Australians  and  the  names  by  which  they  are 
known  in  the  several  parts  of  that  continent.  As  I  have  already  mentioned,  these 
people,  from  tho  simplicity  of  their  arts,  afford  UH  the  only  living  examples  of  what 
we  may  presume  to  have  been  the  characteristics  of  a  primitive  people.  Their 
weapons,  respecting  the  distribution  of  which  we  have  more  accurate  information 
than  we  have  of  their  vocabularies,  are  the  same  throughout  the  continent ;  the 
shield,  the  thro  wing-stick,  the  spear,  the  boomerang,  and  their  other  weapons 
differ  only  in  being  thicker,  broader,  Hatter,  or  longer  in  different  localities;  but 
whether  seen  on  the  east  or  tho  west  coast  each  of  these  classes  of  weapons  is 
easily  recognized  by  its  form  and  uses.  On  the  other  hand,  amongst  the  innu- 
merable languages  and  dialects  spoken  by  these  people,  it  would  appear  that  almost 
every  tribe  has  a  different  name  for  the  same  weapon.  The  narrow  parrying-shield, 
which  consists  of  a  piece  of  wood  with  a  place  for  the  hand  in  the  centre,  in  South 
Australia  goes  by  the  name  of  Heileman,  in  other  parts  it  is  known  under  the  name 
of  Mulabakka,  in  Victoria  it  is  Turnmung,  and  on  the  west  coast  we  have  Muru- 
kaiiye  and  Tamaraug  for  the  same  implement  very  slightly  modified  in  size  and 
form.  Referring  to  the  comparative  table  of  Australian  languages  compiled  by  the 
Rev.  George  Taplin,  in  tho  first  Number  of  the  '  Journal  of  the  Anthropological 
Institute,'  we  lind  the  thro  wing-stick,  which  on  the  Murray  River  is  known  by  the 
name  of  Yova,  on  the  Lower  Darling  is  Yarrum,  in  New  South  Wales  it  is  Worn- 
murrur,  in  Victoria  Karrirk,  on  Lake  Alexandrina  Taralye,  amongst  the  Adelaide 
tribes,  South  Australia,  it  is  Midla,  in  other  parts  of  South  Australia  it  is  called 
Ngeweangko,  and  in  King  George's  Hound  Miro.  None  of  the  weapons  show  less 
variety  of  form  than  the  boomerang;  on  the  Murray  River  this  is  known  by  the 
name  of  Wanya,  on  the  Lower  Darling  Yamimba,  on  the  North  Darling  Mulla- 
Murraie,  on  Lake  Pando  Wadna,  on  the  Liverpool  Plains  Burran,  in  Victoria 
Kertom,  on  Lake  Alexandrina  Panketye,  and  m  King  George's  Sound  Kyli. 
Between  the  majority  of  these  names  it  will  be  seen  that  it  is  impossible  to  trace 
the  faintest  resemblance  of  sound.  Yet  no  one,  it  is  presumed;  would  be  so 
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irrational  as  to  suppose  that  so  peculiar  a  weapon  as  the  boomerang,  for  example, 
could  have  been  invented  independently  in  as  many  different  localities  as  there  are 
different  names  for  it ;  nor  is  it  reasonable  to  suppose  that  such  extremely  simple 
weapons  as  those  in  use  by  the  Australians  should  have  spread  from  a  common 
centre,  subsequently  to  the  establishment  of  the  various  languages  as  they  are  now 
spoken.  The  weapons  of  the  Australian,  as  I  have  shown  in  my  paper  on  Primitive 
Warfare,  published  in  the  'Journal  of  the  lloyal  United  Service  Institution/  are 
all  traceable,  like  the  languages,  to  primitive  forms,  which  are  the  natural  forms  of 
stumps  and  stems  of  trees  ;  like  the  languages  they  have  also  varied  and  diverged ; 
but  whilst  the  names  for  them  have  changed  so  completely  as.  to  present  no  signs 
whatever  of  connexion  in  the  different  tribes,  the  weapons* themselves  have  varied 
BO  slightly  as  to  be  recognized  at  a  glance  in  all  parts  of  the  Continent.  Even  in 
modern  times,  since  the  introduction  of  writing  has  given  permanence  to  the  lan- 
guages and  ideas  of  the  people  a.nongst  whom  it  has  been  introduced,  we  find 
instances  of  the  comparative  stability  of  the  material  emblems  and  forms  of  things 
in  the  retention  of  pagan  emblems  in  our  own  religions  and  those  of  other  coun- 
tries, and  notably  the  employment  of  fire  and  water  in  our  religion*  ceremonies, 
which  have  survived  with  so  much  vitality  as  to  be  living  sources  of  controversy 
amongst  parties,  one  and  all  of  whom  would  utterly  repudiate  the  ideas  with  which 
these  emblems  were  associated  at  their  birth. 

Jf,  then,  it  is  evid'-nt  that  much  of  the  history  of  our  prehistoric  ancestors  has 
been  for  e\  er  lost  to  us,  we  may  cousole  ourselves  with  the  reflection  that  in  their 
tools  and  weapons  and  other  relics  of  their  material  arts  the  mo.st  reliable  source 
of  evidence  as  to  their  intellectual  condition  has  continued  to  our  time.  As  to  the 
myths,  religions,  superstitions,  and  languages  with  which  they  were  associated,  \ve 
may  conlent  ourselves  by  devoutly  thanking  Providence  that  they  have  nut  been 
preserved.  As  it  is,  anthropological  studies  are  said  to  have  their  fair  share  in  the 
creation  of  lunatics  :  and  we  can  easily  believe  that  no  sane  intellect  would  have 
survived  the  attempt  to  unravel  such  a  complex  and  tangled  web  of  difficulty  as 
the  study  of  those  subjects  would  have  presented  to  our  minds. 

Two  other  examples,  with  your  permisMon,  I  will  give  for  the  purpose  of  illus- 
trating the  principle  of  variation  and  continuity  as  applied  to  the  customs  and  arts 
of  savage  races,  and  the  relative  superiority  of  material  evidence  in  tracing  the 
changes  effected  by  these  moans.  The  customs  associated  with  the  practice  of 
human  sacrifice  amongst  the  Komls  of  India  have  received  prominent  notice  of 
late  years,  owing  to  the  steps  which  have  been  taken  by  the  Government  to  put 
them  down.  From  the  reports  presented  to  the  Government  of  India  bv  various 
officers,  we  learn  that  these  customs  vary  considerably  in  minor  points  in 
different  localities.  Amongst  those  who  have  written  on  the  ethnology  of  India, 
there  is  no  one  from  whose  accurate  and  scientific  observation  of  the 
habits  of  the,  aborigines  we  have  derived  more  valuable  information  than  Sir 
Walter  Elliot,  From  him  wo  learn  that  similar  customs  prevail  in  every 
village  in  Southern  India.  The  village  customs,  however,  diner  from  the 
Kond  rites  in  this  important  particular,  which  we  can  easily  understand  is  the 
reason  why  the  resemblance  between  them  has  never  been  noticed  by  former 
writers  namely,  that  the  practice  of  human  sacrifice  has  been  abandoned,  and  a 
buffalo  is  substituted  for  a  human  victim  ;  in  the  mode  of  sacrificing  and  disposing 
of  the  tlesh  and  other  matters  connected  with  the  rites,  we  see  that  these  village 
customs  are  in  reality  the  modern  representations  of  the  more  ancient  Kond  sacri- 
fices, and  that  whilst  an  immense  step  has  been  mado  in  the  civilization  of  the 
people  by  the  abandonment  of  the  barbarous  practice  of  human  sacrifice,  the 
parallel  to  which  is  probably  soon  in  the  account  of  Abraham's  sacrifice  in  the  Old 
Testament,  the  continuity  has  boon  kept  up  by  the  preservation  of  some  of  the  minor 
customs  which  are  associated  with  the  more  nncicnt  rites.  Now  Sir  Walter 
Elliot  tolls  us  that  these  modified  village  sacrifices,  like  the  older  human  sacrifices, 
vary  in  tho  details  in  every  village  of  Southern  India.  I  need  hardly  say  how  much 
the  value  and  accuracy  of  these  studios  would  be  promoted  if  we  could  obtain  detailed 
accounts  of  the  varieties  of  those  customs  as  they  are  now  practised  in  the  several 
villages,  with  the  causes  of  variation  in  each  case ;  wo  should  by  this  means  obtain 
an  insight  into  tho  process  of  development  of  those  customs  as  they  are  now  seen 
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actually  on  the  move  at  the  present  time.  Hereafter,  in  all  probability,  as  they 
continue  to  vary  by  the  omission  of  some  portions  of  the  ceremonies  and  the  substitu- 
tion of  others,  some  one  village,  more  advanced  and  more  powerful  than  its  neigh- 
bours, in  the  natural  course  of  things  will  obtain  the  ascendency,  and  will  impose 
its  peculiar  and  greatly  modified  version  of  these  rites  upon  the  neighbouring  vil- 
lages, by  which  means  the  links  of  connexion  will  be  completely  lost.  I  believe 
the  time  is  at  hand  when  we  shall  make  as  much  ado  over  a  variety  of  custom  or 
form  of  implement  as  naturalists  now  do  over  a  new  moth  or  a  beetle,  and  then 
anthropology  will  become  a  science. 

My  next  illustration  is  taken  from  tho  ornamental  paddles  of  the  New-Irelanders, 
one  of  the  Papuan  group  of  islands  adjoining  the  one  in  which  Bishop  Patteson 
was  lately  murdered.  In  none  of  tho  productions  of  savage  art  is  the  tendency  to 
continued  variation  within  narrow  limits  more  strongly  shown  than  in  these  orna- 
mental patterns,  Whilst  the  form  of  a  club  or  a  paddle  appears  to  remain  un- 
changed for  many  generations,  tho  form  of  ornament  upon  it  will  bo  subject  to 
variations,  which,  however,  are  not  tho  less  found  to  be  continuous  and  connected 
when  a  sufficient  number  of  specimens  are  collected,  so  as  to  enable  their  history 
to  be  traced.  The  continuous  looped  coil  and  its  varieties,  and  its  ultimate  deve- 
lopment into  the  continuous  fret  pattern,  may  be  traced  in  its  migrations  through 
distant  regions.  Sometimes  a  particular  variety  of  these  patterns  will  establish 
itself  in  a  tribe  or  a  nation  ;  and  whilst  subject  to  an  infinity  of  subvarieties.  it  will 
be  found  to  be  repeated  over  and  over  apiin  in  all  the  weapons  and  implements 
belonging  to  this  tribe.  The  ornamentation  employed  by  the  tribes  on  the  N,\V. 
coast  of  America  consists  entirely  of  tho  representation  of  a  bird's  head,  the  eyes 
and  beak  of  which  have  been  subject  to  such  variations  in  copying  as  completely 
to  have  lost  all  trace  of  the  original  design.  Tho  New-lrelauuers  ornament  their 
paddles  with  the  figure  of  a  man  painted  in  red  and  black,  carved  upon  the  face  of 
the  blade.  Fig.  42  is  a  good  example  of  this  conventionalized  mode  of  representing 
the  human  figure  in  full ;  fig.  11  is  another  ornament  upon  the  paddle  ot  the  same 
people  ;  and  between  those  two  figures  it  would  not  at  first  night  appear  possible 
that  any  connexion  could  be  traced. 

Ingenious  theories  might,  perhaps,  bo  based  upon  the  occurrence  of  such  a 
figure  as  that  represented  in  tig.  11  amongst  the  Papuan  Islands;  it  might  bo 
assumed  that  Mahomedanism  had  once  penetrated  that  region,  and  they  had 
adopted  the  symbol  of  the  crescent,  or  the  advocates  of  spontaneity  would  find  no 
difficulty  in  at  once  assuming  that  they  had  copied  tho  new  moon.  No  one  who 
had  not  by  previous  experience  been  impressed  with  the  continuity  pervading  all 
savage  ornamentation  would  dream  of  connecting  two  such  widely  different  forms 
as  those  represented  in  those  two  figures.  Those,  however,  who  are  familiar  with 
the  pictographic  changes  which  marked  the  origin  of  the  Phoenician  and  Scandi- 
navian alphabets,  or  who  have  studied  Mr.  K\ana*a  work  on  Ancient  British  Coins, 
or  the  researches  of  Mr.  Edward  Thomas  into  the  Coins  of  India,  will  be  prepared  for 
the  marvellous  transformations  to  which  human  and  other  forms  are  subjected 
when  they  are  copied  and  recopied  by  the  inaccurate  and  uninstructed  eyes  of 
savage  imitators.  They  will  remember  how  the  chariot  and  horses  on  tho 
Greek  coins  of  Philip  of  Macedon,  in  the  hands  of  the  Gaulish  and  British  artists, 
gradually  lost,  first  the  body  of  tho  chariot,  then  tho  body  of  tho  charioteer — how  tho 
wheels  of  the  chariot  became  mixed  up  with  the  body  of  the  horse,  and  the  head 
of  the  driver  appeared  floating  like  a  cherubim  over  the  horse's  ears — and  how,  on  the 
obverse  of  the  coin,  tho  noso  and  features  of  tho  head  gradually  disappeared,  until 
nothing  but  the  wreath  converted  into  a  cruciform  ornament  remained  to  connect 
it  with  the  original  figure  of  tho  Greek  king.  Impressed  with  tho  idea  of  tho  physical 
identity  of  people  in  the  same  condition  of  culture,  I  determined  to  collect  Kow- 
Ireland  paddles,  and  see  whether  a  connexion  would  be  found  to  exist  between  the 
peculiar  patterns  with  which  they  are  ornamented.  Tho  result  is  the  scries  now 
beforo  you,  which  I  have  obtained  at  different  times  during  the  last  Heven  years  as 
they  turned  up  in  curiosity-shops  or  were  brought  over  by  travellers  from  the? 
South  Seas ;  and  it  must  be  understood  that  these  particular  specimens  are  not 
selected  to  serve  my  purpose.  I  have  here  given  the  whole  of  the  collection  of 
patterns  which  have  fallen  into  my  hands.  Let  us  sec  how  far  they  serve  to  sup- 
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Ornamentation  of  New-Ireland  Paddles,  showing  the  Transition  of  Form. 
Fig.  2.  Fig.  3.  Fig.  4. 
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port  our  views  as  to  variation  and  continuity  now  that  they  are  put  together. 
Fig.  1,  it  will  at  once  be  seen,  represents,  both  on  the  handle  and  on  the  face  of 
the  blade,  the  head  of  a  Papuan ;  the  large  black  mass  on  the  head,  like  a  grenadier- 
cap,  is  the  Papuan  head-dress  peculiar  to  these  parts;  the  ears  are  elongated 
according  to  the  custom  of  these  people,  and  pierced  with  an  ear-ornament ;  the 
eyes  are  round  black  dots,  the  nose  a  triangular  red  mark,  and  the  same  colour  is 
spread  over  the  forehead.  Fig.  2  represents  the  full  figure  of  a  Papuan  sitting; 
the  ears  are  drawn  down  towards  the  hands,  the  head  is  somewhat  conven- 
tionalized, the  line  of  the  nose  is  carried  round  tho  eyes  in  a  scroll,  and  there  is  a 
lozenge-shaped  pattern  on  tho  forehead.  Fig.  tt  is  nearly  the  same  liguro  repre- 
sented as  sitting  sideways,  simply  by  lopping  off  an  arm  and  a  leg  on  one  side,  In 
fig.  4  we  have  two  arms,  but  no  logs,  and  the  head  continues  much  the  same  as  in 
the  two  preceding  figures.  In  fig.  5  the  whole  body  is  gone,  and  the  scroll-pattern 
round  the  eyes  is  modified  in  form.  In  fig.  (5  wo  see  a  great  change  in  the  form 
of  the  head/ which  is  much  more  conventionalized  than  in  tho  preceding  figures; 
the  eyes  are  reduced  to  small  dots,  and  are  rendered  subordinate  to  the  scroll 
formed  by  prolongation  of  the  line  of  the  nose ;  the  sides  of  the  face  are  concave, 
and  conform  to  the  line  of  the  nose  ;  the  chin  and  mouth  are  enlarged  ;  the  head 
is  surmounted  by  the  Papuan  head-dress,  as  before  ;  there  is  a  lo/onge-patteru,  as 
before,  on  the  forehead ;  the  elongated  ears  are  there,  but  the  ear-ornament  has 
disappeared ;  in  this  face  tho  nose  has  become  the  prominent  feature,  .and  tho 
other  features  are  subordinate  to  it.  In  fig.  7  a  still  greater  change  has  taken 
place  ;  the  greater  part  of  the  face  and  head  are  gone.  In  the  last  figure  we  saw 
that  the  nose  was  becoming  the  prominent  feature,  here  it  is  nearly  the  only  fea- 
ture left ;  the  elongated  ears  are  drawn  down  the  sides  of  the  nose ;  the  lozenge- 
pattern  on  the  forehead  still  remains  ;  but  the  lines,  which  in  the  previous  figures 
led  to  the  head-dress  and  to  the  scroll-pattern,  have  been  turned  into  a  kind  of 
leaf-shaped  ornament,  resembling  what  appears  to  have  been  the  upper  lobe  of  the 
ear  in  the  previous  figures ;  the  eyes  are  brought  down  on  to  the  nose.  In  fig.  8 
we  have  nearly  the  same  figure  as  the  last:  the  nose  is  divided  in  two;  the  elon- 
gated ears  are  drawn  out  square  with  the  line  of  the  nose  ;  the  lozenge-pattern  on 
the  forehead  is  still  preserved.  In  fig.  0  we  see  the  same,  figure  as  in  the  last 
example,  except  that  the  triangular  nose  has  merged  into  what,  judging  by  tho 
previous  figures,  appears  to  be  the  chin,  or  it  may  be  merely  an  enlargement  of 
the  base  of  the  noso.  Fig.  10  represents  a  further  change  in  this  direction  ; 
the  lozenge-pattern  and  the  ears  are  now  gone,  and  the  leaf-pattern  is  much 
reduced;  the  nose  also  has  almost  disappeared  into  the  chin.  Lastly,  in  fig.  11, 
we  come  to  our  Mahomedan  emblem,  or  copy  of  the  new  moon.  What  is  it  ? 
Who  would  have  believed  it  was  the  chin  of  the  human  figure  ?  Yet  so  it  is.  It 
is  the  last  vestige  of  a  human  face,  copied  and  recopied  until  all  trace  of  tho 
original  had  been  completely  lost.  We  have  hero  a  complete  parallel  to  the  trans- 
formations observable  on  the  Jfritish  coins,  showing  with  what  dose  analogy  the 
minds  of  men  in  the  same  condition  of  culture,  though  of  widely  different  races, 
obey  the  same  laws  and  are  subject  to  the  same  causes  of  variation  and  continuity 
in  the  development  of  their  arts.  Now,  if  we  suppose  the  connecting-links  which 
are  exhibited  in  these  figures  to  represent  the  connecting-links  of  myths,  customs, 
religions,  or  languages,  or  any  other  productions  of  human  ingenuity  which  aro 
not  embodied  in  material  forms  or  committed  to  writtin^,  it  is  evident  thev  would 
have  been  lost ;  they  would  not  have  turned  up  in  curiosity-shops,  or  been  brought 
together  side  by  side  in  an  instructive  series.  The  theory  of  the  spontaneous 
adoption  of  crescent-shaped  patterns,  by  copying  the  moon,  would  have  become 
established  as  an  almost  self-evident  fact  in  our  minds,  and  no  one  could  for  a  mo- 
ment have  seen  reason  to  doubt  it. 

In  omitting  all  mention  of  Psychology  and  Comparative  Anatomy,  it  must  not 
be  supposed  that  I  am  unmindful  of  the  services  which  these  studies  may  be  ex- 
pected to  render  to  our  science  hereafter.  Nor  is  it  unimportant  to  remember  that 
Anthropology  has  its  practical  and  humanitarian  aspect,  and  that,  as  our  race  is 
more  often  brought  in  contact  with  savages  than  any  other,  a  knowledge  of  their 
habits  and  modes  of  thought  may  be  of  the  utmost  value  to  us  in  utilizing  their 
labour,  as  well  as  in  checking  those  inhuman  practices  from  which  they  have  but 
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too  often  suffered  at  our  hands,  These  are  branches  of  the  subject  into  which  I 
have  no  time  to  enter  on  the  present  occasion.  I  believe,  however,  that  for  some 
time  to  come  prehistoric  archeology,  and  the  comparative  study  of  the  arts  of 
races  in  different  conditions  of  culture,  must  continue  to  hold  a  prominent  place 
amongst  the  researches  of  anthropologists,  not  on  account  of  the  greater  importance 
or  interest  attaching  to  the  investigation  of  these  subjects,  but  on  account  of  the 
superior  quality  of  the  evidence  which  these  studies  a'iford. 

The  consideration  of  the  value  of  evidence  naturally  loads  us  to  the  third  part  of 
my  subject — namely,  the  mode  of  collecting  it  and  of  digesting  it  after  it  has  been 
brought  together;  and  as  this  is,  I  believe,  the  most  defective  part  of  our  organiza- 
tion, or,  to  speak  more  properly,  the  part  of  our  exiting  institutions  in  which  our 
want  of  organization  is  most  conspicuous,  I  had  intended  to  have-  spoken  at  greater 
length  on  this  subject ;  but  as  I  have  already  trespassed  upon  your  lime  so  lon^,  I 
am  under  the  necessity  of  curtailing  what  I  had  to  say  on  the  subject  of  organization. 
If  I  am  wrong,  us  I  have  heard  it  suggested  by  some  anthropologists,  in  supposing 
that  the  greatest  difficulties  under  which  we  labour  are  attributable  to  the  absence- 
of  reliable  evidence,  and  if  we  already  possess  as  much  information  about  savages 
and  about  prehistoric  men  as  we  require,  and  we  have  nothing  to  do  but  to  read 
the  books  in  our  libraries,  and  write  papers  calculated  to  promote  discussion  and 
iill  journals  with  interesting  controversies  and  speculations — if,  as  I  gravely  heard 
it  assorted  not  long  ago  at  a  public  meeting,  it  would  bo  a  pity  to  explore  Stone- 
hen  go  for  fear  so  remarkable  a  monument  should  be  divested  of  that  mystery  which 
has  always  attached  to  it,  owing  to  our  entire  ignorance  as  to  its  origin  arid  uses, 
then  to  those  who  entertain  such  views  the  few  remarks  I  shall  venture  to  otter  on 
this  subject  must  npponr  not  only  supertluous  but  mWhievous.  But  if,  on  the 
other  hand,  I  am  right  in  supposing  that  our  existing  evidence  is  lamentably 
deficient,  and  in  many  cas«»s  fal.se — that  it  has  been  collected  by  travellers  manv  of 
whom  have  had  but  little  knowledge  what  to  look  for  and  observe — and  if,  this 
being  the  state  of  our  knowledge,  the  evidence  which  we  desire  to  obtain  is  now 
rapidly  disappearing  from  the-  face  of  the  earth  (the  Ta^mnnians  have  been 
swept  a  way  before  we  know  any  thing  about  them;  the  Xe\v-Zoalanders  and  all  the 
Polynesian-Islanders  are  fast  changing  their  habits  ;  and  it  is  now  difficult  to  lind  a 
North-American  Indian  in  a  state  of  unadulterated  savagery;  whilst  at  homo  our 
prehistoric  monuments  are  broken  up  and  ploughed  down  day  by  day  in  the  con- 
struction of  buildings  and  railroads),  it  is  evident  that  a  set  of  societies  which 
provide  no  organization  whatever  for  promoting  exploration  at  homo  or  abroad 
can  only  bo  regarded  as  fulfilling  very  imperfectly  the  functions  which  institutions 
established  for  the  purpose  of  anthropological  investigation  might  reasonably  bo 
expected  to  serve.  Heyond  the  limits  of  this  Association  there  is  but  one  Society 
in  this  country  which  has  the  funds  necessary  for  promoting  explorations, 
and  that  is  the  Geographical  Society.  Every  expedition  which  goes  out  under  the 
auspices  of  that  Society  is  necessarily  brought  in  contact  with  the  races  in- 
habiting  the  districts  which  are  explored ;  but  it  can  hardly  bo  expected 
that  the  Geographical  Society  should  do  as  much  as  could  bo  desired  in  the 
way  of  promoting  anthropological  investigation,  as  long  as  Anthropology  and 
Ethnology  arc  excluded  from  the  functions  of  that  Society,  A  Geographical 
Society  should  be  regarded  as  the  eyes  and  oars  of  an  Anthropological  Society 
abroad,  in  the  same  way  that  the  Archaeological  Societies  should  fulfil  tho 
functions  of  eyes  and  oars  directed  to  tho  past  history  of  man,  and  the  most  inti- 
mate alliance  ought  to  exist  between  thorn.  A  stop  in  the  right  direction  has  lately 
been  taken,  at  the  suggestion  of  Mr.  Clements  Markham,  by  the  establishment  of  a 
joint  committee  of  tho  Geographical  Society  and  Anthropological  Institute,  to  draw 
up  questions  for  travellers  whom  it  is  proposed  to  send  to  the  Arctic  seas ;  and  this, 
it  is  to  be  hoped,  will  be  the  first  step  towards  a  more  intimate  alliance  in  the  future. 
As  to  the  Arcmeological  Societies,  whose  name  is  legion,  and  the  functions  of  which 
are  necessarily  anthropological  in  a  great  degree,  they  are  as  a  rule  the  most  im- 
potent and  unprogressive  bodies,  living  from  hand  to  mouth,  with  funds  barely 
sufficient  to  maintain  a  secretary  and  to  produce  a  small  volume  of  Transactions 
annually;  without  the  means  of  promoting  exploration,  they  are  dependent  entirely 
upon  the  casual  communications  of  members,  the  substance  of  which  19  sometimes 
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repeated  over  and  over  again  in  the  different  societies.    These  Archaeological  Societies 
and  others  (which  I  do  not  particularize,  because  I  am  anxious  that  my  remarks 
should  not  appear  to  be  directed  pointedly  to  any  one  of  them)  collectively  provide 
libraries  in  the  proportion  of  four  or  five  libraries  to  one  or  two  students  who  habi- 
tually read  the  DOOKS  in  them.     When  museums  form  part  of  the  establishments, 
they  succeed  in  collecting  a  stray  Chinese  umbrella  or  two,  and  a  stuffed  monkey, 
or  a  few  bronzed  implements  in  a  case.    Each  Society  has  separate  apartments  pro- 
vided at  great  cost ;  these  are  empty  at  least  six  days  a  week,  and  usually  thirteen 
days  in  the  fortnight,  during  the  short  period  in  which  the  session  is  held.     One  of 
these  societies  is  in  the  possession  of  a  magnificent  suite  of  apartments,  which  are 
provided  at  the  Government  expense,  and  furnished  with  rows  of  tables  and  benches 
and  a  splendid  throne  for  the  chairman,  in  which  I  have  occasionally  had  the  honour 
to  sit.     It  is  to  -be  hoped  that  whenever  tho  power  of  psychic  force,  or  the  influence 
of  disembodied  spirits  in  vivifying  inanimate  bodies,  comes  to  bo  more  generally 
established  amongst  anthropologists  than  it  is  at  present,  these  chairs  and  tables 
may  proceed  to  deliberate  and  rap  out  archreological  communications  to  each  other 
during  the  weary  days  and  hours  that  the  embodied  spirits  are  absent.     Whenever 
any  undertaking  of  national  interest  has  been  set  on  foot,  such  as  the  Bill  for  the 
Preservation  of  Prehistoric  Monuments,  proposed  by  Sir  John  Lubbock,  inviting 
the  united  interest  of  these  societies  to  bring  it  forward,  the  first  inquiry  has  been 
as  to  which  of  these  societies  has  had  the  credit  of  having  originated  the  measure ; 
and  if  found  to  be  tainted  by  the  support  of  a  rival  society,  it  has  been  at  once  re- 
pudiated, or  only  adopted  after  its  success  has  with  great  difficulty  been  secured  by 
other  means.    If  we  inquire  what  useful  purpose  is  served  by  these  divisions  of  the 
metropolitan  societies,  we  are  told  that  one  is  a  society,  another  is  an  association, 
and  a  third  is  an  institute  ;  and  yet  it  does  not  appear  that  any  one  of  these  societies, 
associations,  or  institutes  perform  any  special  function  which  cannot  equally  well 
be  served  by  the  others.     They  constitute  divisions  of  persons  rather  than  divisions 
of  subjects;  instead  of  promoting  division  of  labour,  they  serve  only  to  promote  re- 
petition of  labour;  and  so  ill  do  any  of  them  answer  the  expectations  of  those  who 
devote  themselves  to  the  close  study  of  any  one  branch  of  archaeology  or  anthro- 
pology, that  it  has  lately  become  necessary  to  establish  an  additional  metropolitan 
society  for  promoting  protohistoric  archaeology,  under  the  title  of  the  Society  of 
Biblical  Archaeology,  embracing  subjects  which  fall  mainly  within  the  domain  of 
anthropology.     Much  as  I  should  feel  disposed  to  condemn  the  multiplication  of 
societies  under  existing  circumstances,  I  cannot  but  think  that  by  promoting  the 
close  study  of  a  particular  branch,  the  establishment  of  this  Society  is  a  step  in  the 
right  direction ;  and  I  therefore  trust  that  it  may  be  found  to  flourish  at  the  expense 
of  those  which  appear  to  have  no  special  function  to  perform.     As  a  prehistoric 
archaeologist,  1  can  only  add  my  humole  testimony  to  that  of  others  who  think  that 
this  branch  of  anthropology  is  very  unsatisfactorily  dealt  with  by  the  metropolitan 
societies  in  which  it  is  discussed.     On  a  recent  occasion,  when  speaking  on  this 
subject,  I  compared  tho  position  which  prehistoric  archaeology  now  holds  in  the 
London  societies  to  that  of  a  poor  relation.     I  ini^ht,  perhaps,  extend  the  simile 
further  by  saying  that,  like  many  poor  relations,  it  is  also  the  most  agreeable  rela- 
tion, and  though  duly  snubbed  in  accordance  with  the  orthodox  custom  in  like 
cases,  its  services  will  not  be  willingly  dispensed  with,  as  it  furnishes  sensational 
topics  for  not  less  than  six  societies  in  London  at  the  present  time.    The  discussions, 
however,  are  for  the  most  part  confined  to  the  most  rudimentary  branches  of  tho 
subject,  and  but  little  importance  attached  to  details,  because  the  principles  are  not 
understood.     Quite  recently  this  happy  family  has  been  increased  by  the  birth  of  a 
fine  child,  under  the  title  of  an  Historic  Society ;  and  I  observe  that,  by  way  of 
specializing  the  functions  of  this  Society,  it  commenced  life  with  a  paper  on  Pre- 
historic Man.    But  there  are  no  signs  of  any  limitation  to  this  improvident  child- 
bearing  ;  it  is  announced  that  a  Psychological  Society  is  confidently  expected,   No 
one  would  be  more  disposed  than  myself  to  welcome  psychology  as  a  special  branch 
of  study  if  this  family  of  gutter-children  is  to  go  on  increasing  ad  libitum  j  but  it 
will  be  admitted  that  a  Psychological  Society  of  all  others  is  liable  to  grow  up 
scatterbrained  if  completely  severed  from  the  influence  of  its  more  experienced 
kinsfolk. 
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But  I  have  said  nothing  as  yet  about  the  country  cousins.  If  the  heads  of  the 
families  arc  such  as  I  have  endeavoured  to  describe  them,  what  must  the  country 
cousins  be  ?  I  have  spoken  of  the  gutter-children  of  the  metropolis;  but  we  must 
follow  the  gutters  into  the  sewers  before  we  can  form  a  just  estimate  of  the  con- 
dition of  the  local  societies;  and  yet  I  believe  that  with  a  very  small  amount  of 
organization  the  local  societies  are  capable  of  performing  the  most  important  func- 
tions in  regard  to  at  least  one  branch  of  our  science.  It  is  hardly  necessary  for  me 
to  observe  that  my  remarks  apply  exclusively  to  the  question  ot  organization,  and 
cannot  for  a  moment  be  supposed  to  have  any  bearing  on  the  abilities  of  the  indi- 
vidual members,  amongst  whom  are  included  many  very  able  men ;  but  we  all 
know  that  the  best  army  in  the  world  may  be  rendered  impotent  tli rough  defective 
organization.  The  conditions  under  which  local  societies  are  estubli.shed  arc  in- 
compatible with  a  very  high  standard  of  efficiency  in  any  special  department  of 
science  ;  owing  to  the  very  various  qualifications  of  a  small  body  of  members,  their 
proceedings  must  necessarily  be  miscellaneous;  but  they  are  usually  supported  by 
local  interests,  which  may  bo  of  the  utmost  value,  and  are  often  indispensable  in 
promoting  the  exploration  of  local  prehistoric  antiquities,  and  they  only  require 
the  prestiye  derivable  from  a  national  organization  to  render  them  efficient  in  this 
resnect.  As  it  is,  local  societies  have  often  reason  to  complain  of  the  metropolitan 
societies,  which  draw  some  of  the  best  correspondence  from  the  counties  and  give 
but  little  in  return, 

I  trust  that  I  have  made  it  apparent  that  anthropology  in  its  various  branches 
includes  some  of  the  most  popular  and  widely  disseminated  scientific  interest  of  tho 
country,  and  that  the  loss  of  power  is  enormous  ;  not  only  is  there  no  means  of 
organized  exploration,  but  the  information  which  is  published  is  either  repeated 
over  and  over  again  in  tho  different  societies,  or  it  is  so  scattered  as  to  be  beyond 
the  roach  of  the  majority  of  tho  students.  They  labour  also  under  the  disadvan- 
tage of  being  supported  chiefly  by  men  of  small  means;  for  the  well-to-do  classes 
in  this  country  do  not,  as  a  rule,  take  any  interest  in  either  scientific  or  anthropo- 
logical investigations.  During  the  past  year  a  single  American  has  done  more  in 
the  way  of  anthropological  exploration  than  the  whole  of  the  .English  societies, 
institutes,  and  associations  together. 

I  will  now  briefly  state  my  views  as  to  the  remedies  for  the  evils  of  which  I 
have  spoken.  I  am  averse  to  the  principle  of  amalgamation  :  the  most  active 
members  are  not  always  the  most  enlightened ;  narrow  views  are  often  the  most 
pronounced,  and  if  they  become  dominant  are  liable  to  bring  down  the  standard  of 
an  amalgamated  society  instead  of  enlarging  its  sphere  of  usefulness ;  besides,  this 
amalgamation  necessarily  entails  a  certain  loss  of  income  by  the  loss  of  doublo 
subscriptions. 

If  mv  experience  as  a  member  of  the  council  of  most  of  the  societies  of  which  I 
speak  does  not  deceive  me,  it  should  be  the  object  of  those  who  have  the  progress 
of  anthropological  studies  at  heart  to  induce  the  metropolitan  societies  to  specialize 
their  functions.  The  following  might  then  become  the  titles  of  the  various  so- 
cieties included  under  the  term  anthropology ;  and  they  would  represent  not  only 
the  natural  divisions  of  the  science,  but  practically  the  divisions  which  are  most 
consonant  with  the  organization  of  the  existing  societies.  Setting  history  and  his- 
toric archneology  aside  as  beyond  our  province,  we  should  have  : — (1)  Proto-historic 
archeology  ;  I  adopt  the  term  proposed  bv  Mr.  Hyde  Clarke  for  this  branch,  which 
practically  includes  all  that  comes  under  tho  'head  of  Biblical  Archaeology  at 
present;  (2)  Prehistoric  Archneology;  (3)  Philology ;  ^(4-)  Biology,  including 
Psychology  and  Comparative  Anatomy,  in  so  far  as  it  relates  to  Man;  (5) 
Descriptive  Ethnology,  viz.  original  reports  of  travellers  on  the  races  of  man, 
conducted  in  association  with  geographical  exploration.  Under  these  heads 
we  should,  I  believe,  include  all  the  various  classes  of  special  workers.  These 
should  constitute  independent,  but  associated  societies—tliat  is  to  say,  the 
members  of  one  should  be  privileged  to  attend  the  meetings  and  take  part  in 
the  discussions  of  the  others,  but  not  to  receive  the  publications  of  any  but 
their  own  society.  By  this  means  each  would  profit  by  the  experience  of  the  other 
societies,  but  the  funds  necessary  for  the  maintenance  of  each  would  be  secured. 
As  branch  sections  of  anthropology  they  would  be  under  tho  control  of  a  general 
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elected  council  only  in  so  far  as  would  be  necessary  to  prevent  their  clashing  with 
each  other,  and  for  the  control  of  any  measures  which  it  might  be  necessary  for 
the  several  sections  to  imdertake  in  concert;  under  the  auspices  of  the  general 
council  might  also  be  held  the  anthropological  meetings  devoted  to  such  general 
subjects  as  either  embraced  the  whole  or  were  not  included  in  the  sections.  By 
this  means  the  standard  of  anthropological  science  as  a  comprehensive  study  of  the 
science  of  man  in  all  its  branches  would  be  secured,  and  the  possibility  of  its 
becoming  narrowed  under  the  influence  of  any  dominant  party  would  be  obviated, 
it  is  hardly  necessary  to  say  that  the  chief  advantage  of  such*  an  arrangement  as  I 
suggest  would  consist  in  the  employment  of  a  single  theatre  und  library  for  these 
cognate  societies  ;  they  would  employ  a  single  printer,  and  the  arrangements  might 
include  one  or  more  artists,  lithographers,  and  map-drawers^  by  which  a  {great 
increase,  and  at  the  same  time  economy,  would  be  effected  in  the  illustrations. 
The  saving  effected  by  the  union  of  these  societies  in  a  single  establishment  might 
be  applied  to  conducting  explorations,  either  at  home  or  abroad,  in  connexion  with 
the  Geographical  Society.  The  question  of  the  utilization  of  apartments  is  one 
which  commends  itself  especially  to  the  notice  of  Government  in  regard  to  those 
societies  for  which  apartments  are  provided  at  the  public  cost.  It  should  bo  made 
a  sine  qud  non  that  the  societies  so  favoured  should  fairly  represent  all  the  branches 
of  their  subject. 

As  regards  the  local  societies,  it  has  been  proposed  to  republish  a  selection  of 
their  papers  under  the  auspices  of  this  Association,  It  is  to  bo  hoped  that  some 
arrangement,  such  as  that  proposed  by  the  committee  of  which  Sir  Walter  Elliot 
is  secretary,  may  be  carried  out.  I  have  only  one  suggestion  to  make  on  this 
point:  republication  is  simply  a  repetition  of  cost  and  labour,  if  the  desired  object 
of  bringing  the  papers  together  can  be  accomplished  by  other  moans.  As  to  selec- 
tion, I  have  no  faith  in  it.  If  local  and  metropolitan  societies  could  be  induced  to 
adopt  a  uniform  size  for  their  publications,  not  necessarily  a  uniform  type,  the 
papers  relating  to  the  same  subjects  might  bo  brought  together  without  the  cost  of 
reprinting.  It  would  only  be  necessary  to  establish  a  classification  of  papers  under 
various  headings,  such  as,  for  example,  those  which  constitute  the  sections  of  this 
Association.  The  societies  might  then  print  additional  copies  of  their  papers  under 
each  heading,  in  the  same  manner  that  additional  copies  are  now  struck  off  for  tho 
use  of  authors.  A  single  metropolitan  society  might  be  recognized  as  the  repre- 
sentative of  each  branch,  and  under  its  auspices  the  whole  of  the  papers  of  the  local 
and  metropolitan  societies  relating  to  its  branch  might  be  brought  together  and 
printed  in  a  single  volume.  Time  does  not  allow  me  to  enter  into  the  details  of 
the  arrangements  which  would  be  necessary  to  carry  out  such  a  measure.  I  believe 
the  difficulties  would  not  be  so  great  as  might  at  first  Bight  appear,  especially  as 
the  evils  of  the  existing  arrangements  are  much  complained  of;  but  it  should  be  a 
primary  object  of  any  arrangement  that  may  hereafter  be  made  that  the  independ- 
ence of  the  several  branches  should  not  be  sacrificed  unnecessarily;  it  should  be 
endeavoured  to  stimulate  them  and  train  them  into  useful  channels  rather  than  to 
bring  them  too  much  under  central  control. 

My  object  in  making  these  remarks  has  been  not  so  much  to  bring  forward  any 
special  recommendation  of  my  own  as  to  ventilate  the  matter  amongst  those  of  tho 
public  who  take  an  interest  in  these  studies,  but  who  are  not  so  intimately  con- 
nected with  the  present  working  of  the  societies  as  to  have  any  personal  interest  in 
them;  and  I  trust  that  the  importance  of  the  subject  will  be  thought  to  justify  me 
in  haying  brought  it  to  the  notice  of  the  meeting. 

It  is  to  be  hoped  that  whenever,  as  anthropologists,  we  parade  for  Dr.  Living- 
stone's inspection  (without,  I  trust,  adhering  too  closely  to  the  costume  which  he 
has  suggested  for  that  occasion),  it  may  be  found  that  if  we  cannot  compete  with 
his  friends  the  anthropophagi  in  point  of  bone  and  muscle,  in  all  that  relates  to 
organized  division  of  labour  end  mutual  cooperation  we  may  not  be  found  wonting 
in  that  superiority  to  our  letters  which  might  naturally  be  expected  from  the 
advanced  civilization  which  we  enjoy. 
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On  the  Predominating  Danish  Aspect  of  tie  Local  Nomenclature  of  Cleveland, 
Yorkshire.  By  the  llev.  J.  C.  ATKINSON. 

A  careful  study  of  the  place-names  in  Cleveland  has  led  the  author  to  the  general 
conclusion  that  upwards  of  80  per  cent,  of  the  genuine  old  forms  in  this  district 
are  certainly  of  Danish  origin.  It  appears  that  only  a  few  of  the  ancient  ^  local 
names  can  be  referred  to  Anglian  sources;  in  fact  the  Anglian  element  in  Cleve- 
land history  may  have  been  altogether  subsidiary. 

From  an  analysis  of  the  names  of  places,  as  preserved  in  the  Domesday  Book  and 
in  writings  of  more  mediaeval  date,  the  author  finds  50  names  ending  in  -bi,  13  in 
-thorp,  12  in  -tlucaitc,  31  in  -dale,  14  in  -twi,  7  in  -grif,  8  in  -cliff  or  -dire,  3  in 
-borg  or  -it/r</,  besides  about  5/5  not  specially  classed  ;  and  from  the  early  date  of 
the  occurrence  of  these  names  hardly  1  in  60  admits  of  any  doubt  as  to  its  essen- 
tially northern  origin.  In  addition  to  these,  there  is  a  very'large  number  of  names, 
belonging  to  the  classes  in  -dale  and  -ctif  and  to  the  groups  in  -nV//7»  -*/&<?,  -holm, 
-kelcl,  -sty,  -tvyke,  -iratk,  &c.,  which  are  not  included  in  the  author's  lists  because 
there  is  no  documentary  proof  of  their  imposition  previously  to  mediaeval  times. 
It  is  almost  certain,  too,  that  not  a  few  of  the  names  in  -ton  &e.  have  a  northern 
origin.  On  the  whole,  out  of  something  under  250  Cleveland  names,  dating  back 
to  mediaeval  times  and  yet  earlier,  upwards  of  210,  or  considerably^  more  than  80 
per  cont.,  must  unhesitatingly  be  ascribed  to  a  Danish  as  contradistinguished  from 
an  English  or  Anglian  source. 

Exploration  of  some  Tumuli  on  Dartmoor.     By  C.  SPEKCB  BATE,  F.R.S, 

The  tumuli  on  Dartmoor  are  generally  cairns  of  stone.  Three  of  these  were  explored 
on  IVnboncon,  and  a  very  large  one  on  ThreeUirrow  Tor.  The  whole  of  these  ap- 
peared to  ha\  e  been  pm  imi>h  rummaged.  In  one  of  those  on  IVnbeaconthc  remains 
of  an  urn  of  coarse  pottery  were  found  scattered  about,  and  the  LisUean  had  tho 
capstone  fallen  in  ;  amongst  the  soil  within  was  found  an  implement  of  along  oval 
form,  made  out  of  white  slate.  The  author  believed  this,  from  its  worn  appearance 
at  the  ends  and  sides,  to  have  been  made  u»-e  of  by  the  potUr  in  foiniing  the  rudely 
shaped  urn,  such  pieces  of  slate  being  still  in  iiK'Yor  that  pin  pose  in  some  parts  of 
Ireland. 

On  Ilamel  Down  are  several  tumuli  that  differ  from  those  of  Dartmoor  generally. 
Among  these  were  three  built  of  earth  only,  marpined  round  by  small  moorland 
stones.  This  neighbourhood  being  associated  with  such  Scandinavian  names  aa 
Grimm,  IFamel,  &<•.,  the  author  thought  that  an  exploration  of  these  barrows 
might  throw  some  light  as  to  whether  or  not  those  old  Vikinper  visited  Dartmoor 
for  that  tin  which  was  essential  for  the  manufacture  of  their  bronze. 

In  the  barrow,  after  removing  a  large  quantity  of  earth,  about  halfwav  between 
the  circumference  and  the  centre,  five  largo  stones  were  found  lying  side  by  side  on 
the  surface  of  the  ground  ;  beneath  one  of  these  stones  wore  found  some  burnt  bones 
and  a  bronze  dagger-blade  chased  with  lines  along  the  sides  nnd  with  dots  at  the  base : 
an  oval  ornament  of  amber  inlaid  with  gold  fits  in  lines  corresponding  with  the 
longer  and  shorter  axes. 

This  feature  in  the  interment,  together  with  the  circumstance  that  the  burnt 
bones  were  not  enclosed  within  an  urn,  oiler  strong  evidence,  the  author  contends, 
of  the  intrusion  of  the  old  Norsemen  into  tin-fee  regions  in  a  very  early  stage  of  the 
Bronze  period. 

Note  on  a  Tint  to  the  Hypogcwn.    By  3.  F.  CAMPBELL,  of  Islay. 
The  author  read  extracts  from  his  diary,  descriptive  of  a  visit  to  the  hypogeum 
i  October  4,  1871.     His   description  was  illustrated  by  several  sketches,  and 
Teed   substantially  with  that  oi  Mr.  Ciumichael.     A  box  of  bones  was  taken 


on 

agreed   8iujjunuiimiy  w*.m  mm*  V«A  A***.  **  ,t.»...--.~--.     -- 

from  the  spot  by  tlic  author  and  submitted  to  1'rofepsor  Owen. 
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Notes  on  ilie  Looshais.    By  ARCHIBALD  CAMPBELL,  M.D. 

For  a  long  time  the  Looshais  were  best  known  to  us  under  the  name  of  Rookies, 
and  it  is  even  now  not  quite  clear  how  far  the  two  terms  are  properly  convertible, 
or  should  be  used  to  designate  separate  tribes  or  the  divisions  of  one  tribe. 

The  Looshais  inhabit  the  hill-tracts  of  Chittagong  and  those  adjoining  that 
British  province,  whence  they  extend  north  and  north-east  till  they  reach  Cachar 
on  the  one  hand  and  the  frontiers  of  Burmah  on  the  other.  They  form  one  of  the 
numerous  tribes  generically  known  as  the  Tounytha,  or  Children  of  the  Hills. 
Their  complexion  is  fairer  than  that  of  the  people  of  the  plains ;  their  features 
resemble  those  of  the  Malays  more  than  the  Tartar-faced  people  of  Munipore ; 
and  their  language  is  said  to  be  remarkable  for  euphonic  sweetness  compared  with 
the  harsh  and  guttural  dialects  of  the  Tartar  races  to  the  north. 

The  Looshais  dry  and  preserve  their  dead;  they  have  no  distinctions  of  caste; 
marriage  is  a  civil  contract  dissoluble  at  the  will  of  the  parties  concerned,  and  there 
is  no  prohibition  against  the  marriage  of  widows,  The  men  live  by  hunting  and 
marauding,  while  cultivation  and  all  household  work  is  left  to  the  women.  -They 
live  in  log-houses  on  the  ridges  of  the  hills,  and  know  enough  of  iron- working  to 
make  spear-heads  and  fish-hooks. 

Hitherto  the  Looshais  have  been  known  only  as  a  savage  and  murderous  race  ; 
"but  the  author  quoted  from  the  recent  official  reports  of  Brigadier-General  Brown- 
low,  C.B.,  Brigadier-General  Bourchier,  O.B.,  and  Mr.  liurland,  who  accom- 
panied the  expedition  against  the  Looshais,  to  prove  the  excellent  character  of 
their  social  organization,  the  mildness  of  their  disposition,  their  general  intelligence 
and  industry,  and  their  aptitude  for  trade.  The  author  expressed  a  hope  that  the 
Looshais  would,  in  the  progress  of  tea-planting  in  Cachar,  be  induced  to  adopt  its 
cultivation  in  their  own  hills,  and  would  also  join  the  coolie  bands  working  in  the 
British  districts.  

On  a  Ilypogcnm  at  Valaqme,  Nortli  Uist.     By  A.  A.  CARMICHAEL. 

In  this  naper  the  author  described  an  underground  dwelling  at  Druim-nah-Vamh, 
in  Valaqme,  on  the  north-west  coast  of  North  Uist,  one  of  the  I  fcbrides.  Although 
the  structure  was  discovered  ton  years  ago,  but  little  was  done  to  ascertain  its 
real  nature  until  last  year  (1871),  when  the  author  caused  the  sand,  which  nearly 
filled  the  building,  to  bo  removed,  and  thus  exposed  the  true  form  of  the  hypo- 
tfeum.  On  the  lloor  of  native  sand  a  largo  quantity  of  bones,  teeth,  and  shells  was 
found :  the  bones  were  chiefly  those  of  the  deer,  ox,  pig,  and  sheep ;  the  shells 
were  those  of  the  limpet,  mussel,  cockle,  and  periwinkle,  with  a  few  broken  scallop- 
shells.  Mingled  with  these  remains  were  charcoal  ashes,  broken  pottery,  the  tine 
and  antlers  of  the  red  deer,  and  the  upper  half  of  a  small  quern. 

The  ground-plan  of  the  hypogeiim  is  crescontic.  The  walls  run  parallel  to  each 
other,  and  two  stone  lintels  cross  the  house  from  side  to  side.  The  west  end  is  at 
right  angles  to  the  sides,  while  the  east  end  is  curved.  A  dome  roof  is  raised  by 
overlapping  stones,  terminating'  in  a  cap,  and  giving  the  roof  the  appearance  of  a 
flattish  oeehive.  The  entrance  is  near  the  middle  of  the  inner  wall.  There  are 
four  recesses  in  the  walls. 

The  form  and  position  of  the  hypogeum  are  peculiar ;  but  the  author  points  out 
its  general  resemblance  to  a  structure  on  Mr.  James  Macpherson'sproperty,  described 
by  the  late  Sir  David  Brewster.  

On  Sussex  River-Names.    By  Dr.  CITARXOCK,  F.S.A. 

The  paper  gives  the  etymology  of  the  principal  Sussex  river-iinmes.  After  a 
dissertation  on  the  rules  relating  to  etymology,  the  author  shows  that  most  of  the 
names  coincide  with  other  European  river-names,  that  many  are  etymologically 
the  same  word,  and  that  most  of  them  have  been  named  by  the  Kelts,  either 
from  a  pure  Keltic  root  or  from  a  word  corrupted  by  thorn  from  the  Greek  or 
Latin.  Among  other  names  traceable  to  the  same  root  are  Adur,  Ilother,  Ouse, 
Asten,  East[bourne],  and  Hitch. 
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Chi  certain  Geographical  Names  hi  the  County  of  Sussex. 

By  Dr.  CHABNOCK,  F.S.A. 

^  Among  other  names,  the  paper  attempted  tlio  etymology  of  the  following : — 
Fail-light  may  translate  in  Saxon  beautiful  meadow  (fager-lcag),  but  is  more  pro- 
bably tlio  same  as  the  English  local  names  Farley,  Farlie,  Farleigh,  from  the 
Danish-Sax  on  faar-kag,  sheep's  meadow.  The  autnor  discards  the  uaial  etymo- 
logy of  Hastings,  and  gives  two  suggestions,  viz.  from  Danish  fast-nig,  horse 
meadow,  nnd  Astcn-^ge^  meadow  of  the  Aston,  a  stream  which  runs  through  the 
battle-field.  Framfichl  is  for  Frantville,  etymologically  the  eame  as  Frant,  which 
gave  the  ancient  appellation  of  Frant  Wells  to  Tunbridge  Wells;  from  Danish 
wind,  water.  The  ancient  name  Senlac  is  from  scen-kay,  beautiful  meadow.  The 
author  ^compares  Aderida  with  Anderitimn  in  Senonia  Lugdunensis,  Andetrium 
in  Illyria  (tne  Androtium  of  the  Peutinger  Table),  and  also  with  the  Auderitum  of 
Ravennas,  a  town  of  Arjuitanian  Gaul  (now  Javols  in  the  Gevaudun),  ^hich  the 
author  derives  from  Keltic  annedd-ar-rid,  a  dwelling  near  a  passage  or  ford.  Mutu- 
antonis  may  be  from  mant-an-ton,  mouth  of  the  water,  or  micth-antt  rapid  river. 


Roumanian  Gipsies.     By  Dr.  CHARNOCK,  F.S.A. 

J3y  the  census  of  1800  the  Roumanian  gipsies  are  put  down  at  300,000.  They 
are  well-formed  and  long-lived,  Thoro  are,  however,  many  cripples  from  artificial 
causes,  Thoy  are  adroit  in  work,  but  work  very  little,  and  pass  whole  days  in 
hleep.  They  are  fond  of  carrion,  and  arc  groat*  cowards.  Chastity  is  scarcely 
known.  Their  ordinary  diet  is  a  polenta  of  maize  called  maindliga.  Men,  women, 
nnd  children  Hiioke  froiu  the  age  of  five.  The  native  dnnce  is  the  Urn  and.  Most 
of  them  have  fixed  residences.  The  Yutra^i  class  are  all  well  built,  have  beauti- 
ful black  oyes  and  long  black  hair.  On  becoming  motheis  the  women  arc  very 
ugly.  The  people  have  entirely  forgotten  their  native  language,  and  ha\o  lost  the 
manners  and  usages  of  gipsies.  The  best  musicians  aie  found  amongst  them. 
Some  arc  engaged  in  agriculture,  and  they  are  more  civilized  than  the  Roumanian 
peasants. 

The  paper  concluded  with  full  remarks  on  the  grammar,  and  a  comparative  voca- 
bulary of  the  dialect  with  other  gipsy  dialects  and  aLso  with  the  Indian  languages. 


On  the  Gipsy  Dialect  called  "  &m."  By  Dr.  CHAKKOCK,  F.S.A, 
The  dialect  in  question  is  spoken  by  Egyptian  gipsies  in  the  presence  of  stran- 
gers and  for  secrecy.  The  author  traces  most  of  the  words  to  the  Arabic,  con- 
cealed by  prefixes  or  Rifiixes  and  sometimes  by  both.  The  Egyptian  suffix  ish 
(under  "various  forms)  is  found  in  a  great  many  words.  Other  suilixes  are  mi,  ma ; 
and  (7/j,  eh  arc  used  as  prefixes.  The  paper  contained  many  examples,  including 
numerals.  The  word  >Smi  is  probably  from  el-si  tnii/ii,  for  el  faniiytif  secrecy. 

On  tlic  Ethnological  ami  PMdlonical  Jlclations  of  the  Caucasus, 

By  HYDE  CLARKE. 

This  paper  communicates  the  further  researches  of  Mr.  Hyde  Clarke  on  the 
classification  of  the  languages  of  the  Caucasus.  It  identifies  : — (1)  the  Ude  with 
the  ancient  Egyptian  and  Coptic  ;  (2)  the  Abkhass  with  the  Agaw,  Falasha,  &c. 
of  the  Upper  Nile;  (3)  the  Circassian  with  the  Dravidian  ;  (4)  the  Georgian, 
Lazian,  ana  Siuan  with  the  Caucaso-Tibetan.  The  Ude  and  Abkhass  are  con- 
nected with  the  statements  of  Herodotus  (Book  II.)  as  to  the  Egyptian  colony 
established  in  Colchis  by  Sesostris.  Mr.  Hyde  Clarke  observed  that  the  Caucasus 
was  not  a  centre  of  population  for  the  world,  but  a  place  of  passage,  and  showed 
the  relations  of  the  Abkhass  (Agaw)  and  Circassians  with  their  congeners  in  Europe, 
Africa,  Asia,  Australasia,  and  America  (Omagua,  Guarani),  illustrating  the  common 
population  of  the  new  and  old  world,  and  tho  knowledge  of  America  by  ancient  na- 
tions, dimly  preserved  though  not  understood  by  the  Greek  and  Roman  geographers. 
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On  tlie  Mangncma  or  Manyema  of  Dr.  Livingstone.     By  HYDE  CLARKE. 

The  author  identifies  this  population  with  the  Niam-Niam  or  Nya-Nya  of  the 
White  Nile,  as  cannibals,  with  saw-teeth  and  the  same  ethnological  characteristics. 
He  referred  to  the  statements  that  some  of  the  men  have  a  deformity  of  the  os 
coccygis.  

Chi  Tumuli  at  Asclieraden  in  Livonia.     By  CHARLES  T.  CROGEU. 
(Communicated  by  Baron  N.  C.  Bogouschovslvy.) 

In  1837  a  fearful  inundation  laid  open,  near  Asoheraden, — so  called,  perhaps, 
because  the  Ask-men  (navigators)  used  to  put  up  their  boats  (Ask)  in  this  place, — 
in  Livonia,  the  contents  of  some  tumuli. 

In  most  of  these  the  following  objects  were  discovered : — Bodies  lying  with  faces 
upwards,  the  arms  placed  crosswise  on  the  breast  and  ornamented  with  spiral-shaped 
bracelets ;  some  of  these  were  dressed  in  a  linen  shirt  made  out  of  very  delicate 
strings  fastened  together ;  over  the  shirt  a  woollen  overcoat  of  a  greenish-brown 
colour,  with  metallic  wire  interwoven  with  the  cloth,  the  whole  tied  round  the 
waist  by  a  leather  girdle  fastened  by  means  of  a  metallic  brooch.  Breeches  (in  some 
cases  of  cloth  and  in  some  of  linen)  fastened  under  the  knees,  and  on  the  finger- 
bones  brass  rings.  The  head  ornamented  with  a  bandage  (sometimes  perfectly 
smooth,  sometimes  pressed  into  the  shape  of  a  zigzag) ;  also  a  kind  of  cap  made 
of  spiral  rings,  which,  being  fixed  on  woollen  bands,  terminate  in  a  point. 

The  ornaments  on  the  neck  consist  chiefly  of  strings  of  glass  and  amber  beads 
and^  gilded  or  silvered  balls  of  clay.  From  the  shoulders  to  the  knees  hang  rows  of 
chains  (sometimes  ninefold)  covered  with  amulets  in  the  form  of  birds,  or  with 
household  implements,  such  as  keys,  knives,  &c.  Spears  with  points  ornamented 
with  silver,  sheaths  for  arrows  made  of  the  bark  of  trees  (such  as  birdies) 
fastened  together  by  bands  of  metal,  £c.  Very  few  iron  swords  were  discovered, 
but  a  large  quantity  of  coins,  of  various  ages,  were  found  with  the  bodies  of  warrior* 
only.  ^  Among  the  coins  were  some  Greek  coins  from  Thasos,  llomnn  coins  from 
the  third  century  B.C.  down  to  Emperor  Yalentinian,  Anglo-Saxon  and  Danish 
coins  from  the  earliest  times  down  to  the  twelfth  century,  German  coins  from  the 
time  of  Otto  I.  to  the  eleventh  century,  coins  of  Wisby,  and  Arabic  Dyrrhems  from 
757  to  1011  are  very  common. 

Note  by  Baron  N.  C.  BOGOUSCHEVSKY. 

To  judge  by  tho  general  appearance  of  these  bodies,  their  dress,  and  the  detestation 
which  the  inhabitants  of  the  country  entertain  even  at  the  present  time  for  those, 
sepulchres,  calling  thorn  "  the  sepulchres  of  monsters,"  they  do  not  belong  to  any 
of  the  Tchudic,  Sclavonic,  or  Wend  nations,  but  to  the  pilfering  Northmen,  who 
made  continual  invasions  into  Greece,  Constantinople,  &c.,  very  often  choosing  (as 
can  be  seen  from  M,  Karamzin's  'Hist,  of  the  Russian  Empire')  this  road,  through 
the  rivers  Dwina  and  Dnieper  into  the  Black  Sea,  and  then  following  the  west 
coast  as  far  as  Constantinople,  but  very  often  proceeding  further,  into  the  Mediter- 
ranean, &c.  As  they  came  back  by  the  same  road,  th«y  left  numerous  traces  of 
their  passages  in  the  shape  of  tumuli,  rows  of  which  cover  tho  whole  length  of 
country  between  Livonia  in  the  north  and  the  delta  of  the  Dnieper  in  the  south, 
and  hidden  deposits  of  Asiatic,  Roman,  and  Greek  coins,  which  in  some  cases  of 
danger  they  were  obliged  to  secrete,  and  afterwards  were  either  prevented  from 
returning  to  these  deposits  by  various  adversities,  or  perished  on  the  way  home,  thus 
carrying  their  secrets  with  them  to  the  grave. 


Report  on  the  Victoria  Cave,  explored  by  the  Settle- Cave- Exploration  Committee. 
By  W.  BOYD  DAWKINS,  M.A.,  F.R.S.,  and  K.  H.  TIDDEMAN,  M.A.>  F.G.8. 

Part  1.-— The  Archaologtcal  and  Zoological  Results.     By  W.  BOYB  DAWKINS. 
Both  geologically  and  historically,  the  results  of  the  labours  of  the  Settle-Cavo- 
Exploration  Committee  in  the  Victoria  Cave  during  the  last  three  years  are  of 
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groat  importance.  The  cave  is  situated  to  the  north  of  Ingleborough,  and  consists 
of  several  large  chambers,  often  nearly  lilled  up  with  earth  and  stones.  The  Com- 
mittee began  work  by  cutting  a  trench  through  a  layer  of  stones  broken  from  the 
cliff  above  ;  it  proved  to  bo  resting  on  a  dark  layer  composed  of  burnt  stones  and 
bones,  fragments  of  pottery,  and  a  few  Roman  coins.  On  following  this  layer 
right  into  the  cave,  several  bronze-gilt  ornaments,  of  Roman  workmanship,  were 
found,  and  others  which  certainly  were  not  Roman,  but  which  bore  a  strong 
resemblance,  in  design  and  execution,  to  Irish  or  Celtic  works  of  art  preserved  in 
various  museums.  The  Celtic  short-horn,  the  goat,  horse,  and  pig  seem  to  have 
been  the  principal  food  of  the  dwellers  in  the  cave,  from  the  great  quantity  of  their 
bones  which  were  discovered. 

The  strange  mixture  of  articles  of  luxury  and  ornament  in  so  wild  a  place  seems 
only  accountable  by  the  supposition  that  the  cave  was  inhabited,  as  a  place,  of 
refuge,  by  some  well-to-do  Romano-Celtic  family,  who  carried  oil*  with  them  into 
their  place  of  retreat  many  of  their  valuables,  cattle,  and  other  property.  The 
date  of  this  occupation  seems  to  lie  between  tlie  fifth  century,  as  bhown  by  tho 
barbarous  imitations  of  Roman  coins,  and  the  first  quarter  of  the  seventh  centur}-, 
when  the  kingdom  of  Strathclyde  was  conquered  by  the  Northumbrians.  But,  be- 
sides this,  evidence  was  found  of  a  much  older  occupation.  Underneath  the  Romano- 
Celtic  layer,  at  the  entrance,  pieces  of  chipped  flints,  broken  bones  of  o?t  and  bear, 
and  rude  bone  implements  prove  that  man  inhabited  the  cave  at  a  lower  level, 
and  therefore  before  the  accumulation  of  the  talus  on  it. 

Tho  prrey  clay  on  which  these  more  ancient  traces  of  men  rested  oflered  a  serious 
obstacle  to  further  examination,  since  it  was  more  than  five  and  twenty  feet  in 
thickness  within  the  cave,  and  contained  uo  remains  of  men  or  of  animals. 
The  Committee  did  not  stop  here,  however,  in  thoir  work.  They  have  lately 
sunk  another  shaft,  and  have  been  rewarded  for  the  great  labour  of  this  last  enter- 
prise by  the  discovery  of  a  still  older  occupation  of  the  cave  by  hyienas  ;  their 
broken  bones,  toeth,  and  coprolites  show  that  they  must  have  lived  there  in  large 
numbers,  and  the  gnawed  bones  of  rhinoceros,  cave-bear,  mammoth,  reindeer, 
&c.  show  on  what  animnls  they  preyed.  It  is  very  probable  that  these  remains  be- 
longed to  animals  that  inhabited  Yorkshire  in  the  preglacial  stage  of  the  Pleisto- 
cene period,  and  that  the  stratum  above  the  cave-earth  is  of  <rlacial  age.  The  fauna 
to  which  they  bulong  invaded  Europe  before  the  refrigeration  of  climate  that  cul- 
minated in  the  ice-sheet  of  Northern  Europe,  and  remained  in  the  area  north  of  the 
Alps  and  Pyrenees  after  the  ice-sheet  had  disappeared  from  the  lower  ground, 

Part  II. — The  Physical  History  of  the  Deposit*  in  the  Victoria  Cave. 
Ill/  R.  II.  TIDDEMAN,  M.A.,  F.G.SJ 

Tho  cavo  was  described  as  consisting  of  three  principal  chambers — a  central 
one  running  N.N.E.,  about  40  yards  long,  and  two  others  branching1  off  from  it  to 
the  right  and  left.  It  is  probable  that  these  chambers  are  really  but  one  cavity 
filled  with  material  up  to  inequalities  in  the  roof  which  now  separate  tho 
chambers,  for  the  floor  has  never  yet  been  reached. 

The  deposits  were  described  in  order  of  succession,  beginning  at  the  surface. 

No.  i,  The  debris  at  the  entrance  is  still  forming  and  is  undoubtedly  derived 
from  the  cliffs  above  by  the,  frosts  of  successive  winters.  The  author  was  of 
opinion  that  no  trustworthy  calculations  of  absolute  or  relative  time  could  be 
based  upon  the  thickness  of  this  deposit,  the  rate  of  its  formation  being 
evidently  far  from  regular. 

Several  floors  of  occupation  are  interbcddod  with  this  outside  the  cave,  and 
inside  they  Ho  unconformably  on  the  surface  of  the  lower  beds  next  to  be  de- 
scribed. They  have  been  treated  of  fully  by  Mr.  Dawkins. 

No.  ii.  Tho  entrance  debris  graduates  below  almost  imperceptibly  into  a  yellow- 
ish-brown clay  full  of  angular  fragments  of  limestone,  with  occasional  beds  of 
stalagmite.  It  is  thinner  at  the  entrance,  but  inside  attains  a  thickness  of  10  or 
12  feet.  Large  masses  of  limestone  lie  on  its  surface,  which  have  evidently  fallen 

*  For  fuller  details  and  later  discoveries,  see  an  article  by  the  author  in  the  '  Geological 
Magazine/  vol.  x.  p,  11  (1873). 
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from  the  roof,  The  fragments  are  angular,  and  show  no  signs  of  rolling-  or  glacial 
scratches. 

No.  iii.  Below  this  Upper  Clay-with-stones,  wherever  penetrated,  we  find  a  thick 
bed  of  fine  dark-brown  laminated  clay.  The  laminations  are  very  distinct  and 
tolerably  regular  j  the  clay  flakes  off  along  the  planes  of  bedding,  the  alternations 
consisting  of  excessively  fine  sand  and  tenacious  clay. 

It  dips  steadily  towards  the  inner  part  of  the  cave,  having  an  inclination  of 
about  1  in  9,  rather  more  than  G°.  It  shows  a  thickness  of  12  ieet  in  a  shaft  sunk 
in  the  left-hand  chamber.  With  acid  it  effervesces  freely,  losing  about  8  per  cent, 
of  its  weight.  Though  very  well  adapted  for  preserving  organic  structures,  it  has 
not  yielded  a  trace  of  any  organism  even  to  the  microscope. 

No.  iv.  The  lowest  set  ot  beds  yet  attained  comes  next  in  order  of  descent. 
They  are  in  all  respects  similar  to  No.  ii.,  the  Upper  Clay-with-stones,  save  that 
in  them,  near  the  entrance,  at  a  depth  of  about  10  feet  from  the  base  of  the  lami- 
nated clay,  the  group  of  older  mammals,  as  mentioned  by  Mr.  Dawkins,  was 
discovered. 

The  origin  of  the  debris  at  the  entrance  is  clearly  subaerial,  and  it  must  all  of  it 
be  postglacial,  for  any  glacier  passing  down  the  valley  would  infallibly  remove  it. 

The  similarity  of  the  deposits  ii.  and  iv.  is  so  great  that  there  can  be  little 
doubt  that  they  were  made  under  similar  conditions  and  aro  due  to  similar 
causes.  The  angularity  of  the  fragments  and  the  absence  of  distinct  bedding, 
save  where  stalagmite  occurs,  forbid  us  referring  thorn  to  the  sea ;  nor  can  they 
be  referred  to  a  river,  for  any  stream  of  sufficient  strength  to  bring  the  blocks 
would  certainly  have  sorted  the  materials.  It  is  not  likely  that  they  are  glacial, 
and  have  been  pushed  into  the  cave  from  the  side  of  an  advancing  glacier  j  for  then 
they  would  have  exhibited  some  scratches,  which  is  not  the  case.  It  seems  more 
probable  that  the  stones  have  fallen  from  the  roof,  and  the  clay  has  been  introduced 
by  water  in  small  volume  coming  down  through  crevices  m  the  limestone  and 
forming,  whore  conditions  were  favourable,  beds  of  stalagmite. 

In  direct  contrast  to  the  beds  above  and  below,  the  laminated  clay  shows  the 
greatest  regularity  of  structure, 

If  it  were  marine,  it  seems  unlikely  that  in  so  good  a  preservative  medium  no 
fragments  or  fibres  of  organisms  should  be  found  ;  nor  against  a  rocky  beach  would 
it  consist  of  such  fine  material  ,•  also,  we  should  not  expect  to  tind  it  dipping  away 
from  the  sea,  but  towards  it  or  lying  horizontal :  neither  have  we  anywhere  in  the 
district,  for  miles  around,  any  indisputable  evidence  of  the  sea  having  been  at  so 
great  a  height  (1450  feet)  during  or  since  the  glacial  period;  any  brook  flowing 
through  the  cave  at  so  high  an  angle  would  not  deposit  fine  mud  but  remove  it. 

The  author  suggested  that  the  moraine  rubbish  of  a  glacier  or  ice-sheet  at  some 
time  blocked  the  entrance*,  that  water  charged  with  mud  by  the  constant  grinding  of 
the  glacier  trickled  through  into  the  cave,  and  that  the  frequent  change  from 
daily  ilow  to  nightly  inaction  gave  rise  to  that  close  lamination  in  the  deposit 
which  is  its  characteristic  feature. 

This  explanation  of  the  glacial  origin  of  the  laminated  clay  was  suggested  to 
the  Settle-Cave  Committee,  in  a  report  in  the  spring  of  1871,  by  the  author. 

Since  then  he  has  found  in  a  shaft  sunk  at  Ingleton,  a  few  miles  to  the,  N.W., 
under  39  feet  of  till,  laminated  clay  undistinguisnable  from  that  in  the  Victoria 
Cave,  save  in  the  presence  of  a  few  well-scratched  small  boulders  and  tho 
crumpling  of  the  beds.  lie  considers  it  probable  that  this  laminated  clay  was  a 
deposit  from  glacier-water  in  some  quiet  hollow  beneath  the  edge  of  the  ice- 
sheet  or  its  waning  representative. 


On  iJie  Primitive  Weapons  of  Ancient  India. 
By  Sir  WAITER  ELLIOT,  K.C.8.L,  F.L.S. 

Tho  earliest  known  inhabitants  of  India  are  now  only  found  in  their  original 
unmixed  state  on  the  mountainous  plateaux  of  Central  India,  on  the  Rajmahnl 
Hills  in  the  north,  and  in  some  other  secluded  situations;  but  their  descendants 

*  This  suggestion  has  since  been  confirmed  (Geological  Magazine,  vol.  x.  p,  15, 1873). 
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are  largely  intermixed  with  the  people  of  the  plains,  especially  among  the  lower 
castes. 

Most  of  these  speak  dialects  of  the  Dravidian  tongue,  and  in  their  hunting-excur- 
sions make  use  of  a  curved  stick,  which  they  throw  with  great  dexterity,  the  con- 
cave edge  being  directed  to  the  object.  Hares,  birds,  and  even  deer  are  killed 
with  them. 

From  this  primitive  form  many  of  the  modern  metallic  weapons  appear  to  have 
been  derived,  such  as  the  coorg  knife  or  axe,  in  general  use  on  the  Malabar  coast, 
the  kukri  of  the  Gurkhas,  in  Is* opal,  and  the  common  woodman's  knife 
throughout  India — all  of  which  are  curved  and  have  the  cutting-edge  on  the 
concave  side.  These  knives,  or  choppers,  arc  also  used  as  instruments  of  sacrifice, 
with  which  the  heads  of  the  A  ictiuis,  e^  en  of  the  buffalo,  are  often  severed  by  a 
single  blow. 

Prof.  Huxley,  in  his  fourfold  classification  of  the  varieties  of  tho  human  race, 
has  found  what  he  terms  the  Australoid  division  to  be  represented  by  the  Austra- 
lians proper,  the  Hill  tribes  of  Central  India,  and  the  Ancient  Egyptians.  Now  it 
is  remarkable  that  among  all  these  the  throwing-stick  is  or  has  been  in  use.  The 
boomerang  of  tho  Australians  is  well  known ;  a  similar  weapon  is  depicted  in  tho 
hunting-scenes  on  the  walls  of  the  tombs  of  the  kings  at  Thebes,  and  in  India 
it  is  found  to  bo  still  in  use  by  the  inhabitants  of  the  wilder  districts,  the  de- 
scendants of  aboriginal  races. 

Such  coincidences  can  hardly  be  accidental,  and  they  afford  a  remarkable  sup- 
port to  a  deduction  drawn  from  totally  different  premises. 

Tho  Egyptian  "  throw-stick/'  according  to  vSir  Gardener  Wilkinson,  which  he 
found  represented  on  the  sculptured  walls  of  temples,  is  still  in  use  among  the 
Desert  Arabs,  and  is  a  formidable  weapon  in  their  hands.  The  Kaffir  club  made 
out  of  the  long  horn  of  tho  IlJrinoccro*  niniut  may  be  of  similar  origin. 


On  the  Alphabet  and  Its  Ori</in.     By  JOHN  EVANS,  Esq.,  F.R.S.,  F.S.A.,  $*c. 

After  mentioning  the  labours  of  Gesenius,  De  Rouge,  and  Lenormant  on  tho 
Continent,  Professor  Hewitt  Key,  Professor  Rawlinson,  and  Mr.  E.  B.  Tylor  in 
England,  who  had,  as  well  as  others,  done  much  to  throw  light  on  this  iield  of 
research,  the  author  treated  the  subject  under  three  heads : — 

1.  As  to  the  origin  of  writing  and  the  method  of  its  development  in  different 
parts  of  the  globe  ; 

2.  As  to  the  original  Alphabet  from  which  that  in  common  use  amongst  us  was 
derived ;  and 

«'t.  As  to  the  history  and  development  of  that  original  Alphabet. 

So  mysterious  does  the  power  of  conveying  information  to  others  by  writing 
appear  to  savages,  that  they  regard  written  documents  as  no  less  than  magical, 
and  have  been  known  to  hide  them  at  tho  time  of  committing  a  misdeed  which 
they  feared  might  be  discovered  by  their  means.  Yet  many  of  those  in  the  lower 
stages  of  cmli'/atioii  have  some  ideas  as  to  pictorial  records. 

The  cave-dwellers  of  the  south  of  France  at  a  time  when  the  use  of  metals 
was  unknown,  and  when  reindeer  formed  ono  of  the  principal  articles  of  food  in 
that  part  of  the  world,  possessed  considerable  powers  of  drawing  and  of  sculp- 
ture. On  some  of  their  bone  instruments  iigures  of  animals  are  engraved,  which 
possibly  mny  to  the,  original  owners  have  conveyed  some  reminiscences  of  scenes 
they  had  witnessed  when  hunting.  Among  the  .Ksquimaux  such  records  are  fre- 
quently carved  on  their  weapons,  and  the  taking  ot  seals  and  the  harpooning1  of 
whales  are  often  depicted.  Capt.  Beechey  says  that  he  could  gather  irom  these 
representations  a  better  insight  into  the  habits  of  tho  people  than  could  be  obtained 
from  any  signs  or  other  intimations. 

Among  tho  North-American  Indians  the  system  of  picture-writing  has  been 
more  fully  developed,  and  numerous  instances  arc  recorded  in  Schoolcraft's  'Indian. 
Tribes/ 

In  Mexico  tho  art  of  pictorial  representation  had  at  the  time  of  the  Conquest 
been  carried  to  great  perfection,  The  bulk  of  the  pictures,  however,  merely  re- 
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present  wars,  migrations,  famines,  and  scenes  of  domestic  life.  They  were,  more- 
over, able  to  record  dates  by  means  of  an  ingeniously  devised  cycle,  and  had 
some  idea  of  attaching  a  phonetic  value  to  their  svmbols. 

In  Peru,  though  some  sort  of  hieroglyphic  writing  appears  to  have  been  known, 
the  chief  substitute  for  writing  was  the  Quipu  or  knotted  cord.  This  consisted  of  a 
main  cord  with  strings  of  different  colours  and  lengths  attached.  The  ^colour, 
the  mode  of  making  the  loops,  knots,  or  tufts,  their  distance  from  the  main  cord 
or  from  each  other,  had  all  of  them  their  meaning.  Each  Quipu  had  its  own 
keeper  or  interpreter,  and  by  their  means  all  public  accounts  were  kept.  The 
Wampum  in  North  America  was  of  somewhat  similar  character,  and  in  Polynesia 
also  the  same  sort  of  Quipu  is  in  use. 

There  is  a  tradition  among  the  Chinese  of  a  similar  system  of  recording  events 
by  means  of  a  knotted  cord  having  been  in  use  among  them  previous  to  the  inven- 
tion of  writing.  The  Chinese  system  of  writing,  though  far  superior  to  that  of 
the  Mexicans,  is  still  not  alphabetical,  but  syllabic.  At  the  outset  the  characters 
seem  to  have  been  pictorial ;  but  the  representations  of  the  objects  have  now  be- 
come so  much  conventionalized  and  changed,  partly  in  consequence  of  the  method 
of  writing  by  means  of  a  brush,  that  there  is  much  difficulty  m  recognizing  them. 

With  a  monosyllabic  language,  the  words  of  which  are  of  necessity  limited  in 
number,  one  sound  has  often  to  represent  more  than  one  sense,  and  the  Chinese 
characters  have  therefore  been  divided  into  phonetics  or  radicals — those  which 
give  the  sound,  and  the  classificatory  or  determinatives,  or  those  which  give  the 
sense. 

The  Egyptian  hieroglyphics  present  much  analogy  in  character  with  the  Chinese 
method  of  writing.  In  their  earliest  form  they  seem  to  have  been  principally  pic- 
torial, though  also  at  the  same  time  symbolic.  The  next  stage  would  appear  to 
have  been  syllabic,  when  a  certain  sign  represented  a  syllable,  though  often  with 
a  second  more  truly  literal  sign  aftixed,  denoting  the  final  consonant  of  the  syllable. 
To  prevent  mistakes,  the  signs  representing  words  wen?  often  accompanied  by  other 
signs,  which  wore  merely  determinative  of  the  meaning.  Thus  throe  horizontal 
zigzag  lines  representing  water,  showed  that  the  previous  symbol  designated  some- 
thing connected  witli  liquids— or  two  legs  walking,  that  the  word  bore  reference 
to  locomotion.  Many  hieroglyphics,  however,  appear  to  bo  purely  literal,  though, 
in  the  case  of  consonants,  often  having  some  vowel  sound  implied.  These  literal 
hieroglyphics  stand  for  the  initial  letters  of  the  objects  or  ideas  they  represent: 
for  instance,  a  goose  flying  is  the  equivalent  of  P,  the  initial  of  Pai,  to  fly;  tin 
owl  stands  for  M,  the  first  letter  of  wulat/,  the  Egyptian  name  of  the  bird. 

The  more  careful  pictorial  representations  of  the  objects  such  as  are  to  be  scon 
in  sculptured  hieroglyphics  and  in  formal  inscriptions  required,  however,  too  much 
time  for  their  execution  to  be  adopted  as  an  ordinary  means  of  writing.  In  conse- 
quence the  signs  became  conventionalized,  and  the  salient  characteristics  of  Iho 
object  were  seized  on  for  the  more  cursive  form  of  writing  known  as  the  hieratic. 
From  this,  again,  was  derived  the  writing  known  as  demotic,  in  which  many  of  the 
symbols  have  become  so  much  changed  and  simplified  that  it  ia  with  difficulty 
tnat  they  can  be  identified  as  descendants  of  originally  pictorial  forms. 

A  modified  form  of  hieroglyphic  writing  is  still  in  use  among  us,  more  espe- 
cially in  connexion  with  the  science  of  astronomy ;  and  the  conventional  forma 
which  now  represent  the  si^ns  of  the  Zodiac  are  very  instructive  as  to  the  amount 
of  modification  such  symbols  are  liable  to  undergo. 

In  Aries  (r)  and  Taurus  (»)  the  heads  of  the  ram  and  the  bull  may  still  bo 
recognized.  Gemini  is  represented  by  the  twin  straight  lines,  n  ;  Cancer  by  its 
claws,  25  j  and  Leo  by  its  head  and  tail,  ft.  In  the  symbol  for  Virgo  there  appears 
to  have  been  some  confusion  between  Astroca  and  the  Virgin  Mary,  the  sign  being 
symbolized  by  the  letters  nib,  nj}.  The  scales  of  Libra,  the  sting  of  Scorpio,  and 
the  arrow  of  Sagittarius  can  still  be  traced  in  the  symbols,  =^,  m,  /•  The  twisted 
tail  of  Capricornus  survives  in  vr,  and  Aquarius  is  represented  by  two  wavy  lines 
of  water,  iw.  The  remaining  sign  of  Pisces  has  been  much  metamorphosed  j  but  the 
two  fishes,  back  to  back,  with  head  and  tail  alternating,  can  readily  be  recon- 
structed from  the  symbol  x. 

The  gradual  simplification  of  form  exhibited  in  these  signs,  and  in  the  Chinese 
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and  hieratic  systems  of  writing,  must  be  borne  in  mind  when  studying  the  develop- 
ment of  other  systems. 

With  regard  to  the  origin  of  the  alphabet  in  common  use  in  Europe  there  can 
be  no  doubt,  the  testimony  of  classical  historians,  as  well  as  that  of  the  letters 
themselves,  bein^  conclusive  as  to  its  Phoenician  source.  But  at  what  date  letters 
were  first  in  use  in  Greece  is  by  no  means  certain  ;  Grote  thought  that  they  were 
absolutely  unknown  in  the  days  of  Homer  and  Hesiod  (B.r.  850-776).  It  seems, 
however,  probable  that  they  were  introduced  at  a  somewhat  earlier  dato.  If  the 
date  which  has  been  assigned  to  the  famous  "  Moabite  stone,"  of  about  900  B.C., 
be  correct,  the  correspondence  in  form  between  the  archaic  Greek  letters  and  those 
on  the  stone  raises  a  strong  presumption  in  favour  of  letters  having  been  imported 
into  Greece  at  the  time  when  the  Phoenician  alphabet  was  in  that  stage  of  develop- 
ment in  which  it  occurs  on  the  stoiie. 

Even  the  name  of  the  alphabet  preserves  the  memory  of  its  Phoenician  origin, 
for  Alpha  and  Beta,  the  names  of  tne  two  letters  from  which  the  word  is  derived, 
are  not  really  Greek,  but  merely  the  Hellenized  forma  of  the  Phoenician  Aleph  and 
Beth.  The  same  is  the  case  witli  the  names  of  all  the  other  Greek  letters  down  to 
Tau,  the  last  iive  letters,  V,  *,  X,  ^,  &,  being  of  later  introduction. 

The  correspondence  in  form  between  the  Uoman,  the  Greek,  and  the  early 
Phoenician  alphabet,  as  given  on  the  Moabite  stone,  can  readily  be  traced.  It 
must,  however,  be  remembered  that  the  letters  of  the  hitter  are  written  from  ri^ht 
to  left,  or  in  the  same  manner  as  Hebrew,  and  not,  as  is  the  rase  with  us,  from  left 
to  rijjlit.  In  the  early  Greek  inscriptions  it  appears  to  have  been  a  matter  of 
indifference  in.  which  direction  the  letters  were  placed.  In  some  the  lines  are 
alternately  in  either  direction  ;  and  this  form  of  writing  was  known  as  Boustrophe- 
don,  or  that  which  turned  backwards*  and  forwards  like  an  ox  in  ploughing. 

As  to  the  original  identity  of  these  three  alphabets  there  can  be  no  doubt ; 
neither  can  any  exist  as  to  the  order  in  which  the  letters  were  originally  arranged; 
for  in  the  Hebrew  Scriptures,  the  language  of  which  may  practically  be  regarded 
as  the  same  as  the  Phoenician,  there  are  several  instances  in  which  a  succession 
of  passages,  each  commencing  with  a  diiVerent  letter  of  the  alphabet,  present 
them  in  this  order.  A  well-known  example  is  atlbided  by  the  110th  Psalm,  each 
of  the  twenty-two  sections  of  which  commences  with  a  different  letter,  the  name 
of  which  forms  the  heading  to  each  in  the  Knglish  version  of  the  Bible. 

AVhen,  however,  we  come  to  consider  the  history  and  development  of  the  Phoe- 
nician alphabet,  we  are  no  longer  upon  so  sure  a  footing.  The  manner  in  which 
some  other  forms  of  writing  such  as  the  Chinese  and  the  Egyptian  hieratic,  were* 
developed  will  have  prepared  us  for  the  probability  of  the  Phoenician  alphabet 
haung  also  been  evolved  from  a  pictorial  somve. 

It  is  a  by  no  means  unimportant  fact,  in  reference  to  this  view,  that  tho  names 
of  the  Plufiiician  or  Hebrew  letters  are  not  arbitrary,  but  each  significant  of  some 
object,  though  the  meaning  of  the  names  cannot  in  all  case-*  be  recognized  with 
absolute  certainly.  For  instance,  Aleph,  Beth,  Gimel,  and  l>aletli  mean  Ox, 
J  louse,  Camel,  l)oor  ;  and  if  wo  find  that  these  and  the  succeeding  letters,  when 
in  their  most  primitive  forms  (so  far  as  known),  present  similarities  with  tho 
whole  or  a  portion  of  tho  objects  by  the  names  of  which  they  are  distinguished, 
there  is  a  strong  probability  of  a  pictorial  origin  for  the  letters. 

Taking  the  forms  of  tho  letters,  as  given  on  the  Moabite  stoue,  in  conjunction 
with  tho  meaning  of  their  names,  such  a  similarity  can  in  all  cases  be  traced,  though 
more  certainly  intentional  in  some  letters  than  in  others.  This  will  be  best  shown 
in  a  tabular  form*  (p.  384). 

This  correspondence  in  form  can  hardly  be  appreciated  without  diagrams,  but  in 
many  instances  is  striking,  and  in  none  absolutely  forced.  There  have,  however, 
been  numerous  objections  raised  to  such  a  view  of  the  derivation  of  the  forms  of 
the  Phoenician  letters. 

Lenormnnt  and  l)e  Rouge*  would  rather  trace  them  to  Egyptian  hieratic  charac- 
ters ;  but  the  resemblances  they  point  out  between  them  are  but  flight,  and  in  no 
instance  does  the  Phoenician  name  of  tho  letter  agree  with  that  of  the  object  reprc- 

*  The  Icttera  arc  here  given  in  the  ordinary  Hebrew  character  instead  of  tho  older  form. 
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sented  by  the  Egyptian  hieratic.  ^  Moreover  the  resemblances,  when  traced,  are 
rather  with  later  forms  of  Phoenician  letters  than  with  those  on  the  Moabite 
stone. 


tf  Aleph    .... 
^  Beth  

An  ox,  •  •  •  »  •  i  •  •  . 

The  head  of  ctn  ox     That  this  letter  was 

A  house  or,  pos- 
sibly, a  tent. 
A  camel  
A  door   .«....., 

known  to  eniDody  this  symbol  is  recorded  by 
Ilesychius  about  A,D.  380.    The  correspond- 
ence of  a  small  a  or  a  with  the  sign  for 
Taurus  when  placed  horizontally  (oc)  is  worth 
notice. 
A.  house  ',  showing  one  wall  and  the  ridged 
roof. 
Tlie  head  and  neck  of  a  camel. 
The  triangidar  door  of  a  tent. 
A  lattice  (?\  —  The  meaning  of  the  name 
of  this  letter  is  somewhat  doubtful. 
A  peg. 
An  arm  holding  a  spear  (?). 
An  enclosure*  —  Much   like  the   Chinese 
figure  for  the  same  meaning. 
A  coiled  snake.  —  This  letter  does  not  occur 
on  the  Moabite  stone. 
The  hand  and  wrist  in  profile,  similar  to 
what  may  be  seen  on  some  early  Hindu 
coins. 
An  open  hand,  as  in  some  drawings  of  the 
North  -American  Indians, 
An  ox-goad  (?).  —  The   meaning    of  the 
name  somewhat  doubtful. 
A  wavy  line.  —  Like  the  representation  of 

J   Gimel   .... 
1  Paleth  .... 
ft  He  

A  lattice  or  win- 
dow. 
A  peg  or  nail    .  . 
A  weapon  

T   Vau  

\    Zain  

'pi  Cheth  .... 
{3  Teth  

An  enclosure,  or 
field. 
A  serpent  

t    Jod    

The  hand  

3  Caph  

The  palm  of  the 
hand. 
An  ox-goad  .... 

Water    

7  Lamed  .... 
J3  Mem  

J  Nun 

A  fish  

water  on  early  coins  and  sculpture,  and  as  in 
the  sign  of  Aquarius,  «&. 
The  head,  (/ill,  ami  back  of  ajish. 
A  kind  of  prop  supporting  a  trellis  for  vines. 
—  Mr.  Ilensleigh  Wedgwood  has  pointed  out 
the  similarity  of  this  letter  to  the  figure  of 
a  sculptor's   bench   or  easel   in   Egyptian 
pictures. 
The  pupil  of  the    eye,  as  in   Egyptian 
hicratics. 
The  two  lips  open  at  an  angle,  much  like 
the  mouth  as  represented  on  some  ancient 
British  coins. 
A  reaping-hook  or  scythe  attached  to  its 
handle. 
The  head  and  neck  (?). 

TJie  head  in  pro/tie. 
A  tricitxpid  tooth. 
A  cross,  like  the  mark  still  made  by  those 
who  cannot  write. 

P  Samech  ,  .  .  . 
y  Ain   

A  support  

The  eye  

Q  pe  

The  month    .... 

A  rcuping-hook.  . 

The  back  of  the 
head  (?). 
The  head   

¥  Tsado    .... 
p  Koph  
^  Kesh  

jy  Shin  

A  tooth  

n  Tau  .... 

A  mark  

Mr.  E.  B.  Tylor  also  considers  that  the  theory  maintained  by  Gesenius  of  the 
Phoenician  letters  being  pictorial  can  bo  shown  to  bo  unsafe.  Ho  thinks  tlio 
resemblances  between  the  letters  and  the  objects  to  bo  but  small,  and  the  bond 
which  attaches  the  name  to  the  letter  to  bo  but  slight  j  lhat  the  coincidences  are 
not  primary  and  essential,  but  secondary  and  superficial.  Ho  suggests  that  Hebrew 
words  may  have  been  chosen  as  names  for  letters  derived  from  some  extraneous 
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source,  such  names  having  the  proper  initial  letter  and  also  some  suitability  to 
describe  its  shape  j  the  same  as  if  in  English  we  called 
A — Arch  or  Arrowhead.        B — Bow  or  Butterfly.        C — Curve  or  Crescent. 

This,  however,  is  contrary  to  all  analogy  among  methods  of  writing  of  which 
we  know  the  development ;  and  moreover7  several  of  the  names  of  the  Hebrew 
letters  are  not  nctual  words  in  common  use  in  the  Hebrew  writings,  but  words 
which  have  become  obsolete,  and  of  which,  in  one  or  two  cases,  it  is  hard  to  recover 
the  meaning.  The  letters,  moreover,  cannot  originally  have  been  mere  arbitrary 
signs,  or  there  would  have  been  greater  distinctions  between  some  of  them,  such, 
as  it  was  subsequently  found  desirable  to  introduce. 

If,  too,  the  Phoenician  letters  came  from  an  extraneous  source,  we  may  well  ask 
where  it  was,  and  how  it  happens  that  no  traces  of  the  original  names  of  the 
letters  have  been  preserved. 

It  seein^  far  more  probable  that  the  Phoenicians,  possibly  in  the  tirst  instance 
borrowing  the  idea  from  the  Egyptians,  struck  out  for  themselves  a  more  purely 
literal  and  therefore  a  more  simple  and  useful  alphabet.  A  classification  of  sounds 
onco  established,  and  a  system  of  syllabic  symbols  once  invented,  the  transition  to 
u  pure  literal  alphabet  i*  comparatively  easy,  especially  when  once  the  syllabic 
symbols  have,  from  the  introduction  of  foreign  words  or  from  other  causes,  been 
employed  for  the  initial  sound  only  of  the  syllables  they  represent. 

Such  a  change,  involving  a  departure  from  old  practice,  might  perhaps  more 
readily  take  place  in  an  adjacent  country  to  that  in  which  the  syllabic  system  pre- 
vailed than  in  the  country  itself;  and  we  may  readily  conceive  a  practical  people 
like  the  Phoenicians  importing  from  Egypt  a  system  of  pictorial  writing  thus 
modified. 

Certainly  their  alphabet,  unlike  the  letters  of  the  later  class  of  Egyptian  hiero- 
glyphics, does  not  appear  to  consist  of  merely  a  few  survivors  from  a  whole  army 
of  symbols.  On  the  contrary,  it  seems  to  present  some  traces  of  arrangement ;  for 
the  objects  representing  the  letters  appear  to  be  grouped  in  pairs,  each  comprising 
two  objects  in  some  manner  associated  with  each  other;  and  between  each  pair 
is  inserted  a  third  letter,  represented  by  an  object  not  so  immediately  connected 
with  those  preceding  it,  but  still  not  absolutely  alien  from  them. 

Thus  the  ox  and  the  house  are  followed  by  tin*  camel— an  animal,  by  the  way, 
not  represented  in  Egvptian  hieroglyphics.  The  door  and  the  window  are  fol- 
lowed by  the  peg ;  the  weapon  and  enclosure  by  the  serpent  ;  the  hand  and  the 
palm  by  the  ox-goad;  the  water  and  the  fish  by  the  support ;  the  eye  and  the 
mouth  by  the  reaping-hook ;  the  head  and  the  back  of  the  head  by  the  tooth  ,*  and 
the  alphabet  concludes  with  the  final  mark,  x. 

It  would  be  superfluous  to  attempt  to  point  out  the  bearings  of  this  question  of 
the  origin  and  development  of  the  Phoenician  alphabet  on  the  history  of  civiliza- 
tion in  Europe  and  A\  estern  Asia. 

Future  discoveries  may  possibly  bring  us  nearer  the  cradle  of  this  alphabet ;  but 
it  seems  probable  that  on  the  Moabito  stone  we  liud  the  letters  still  retaining 
enough  of  their  original  pictorial  character  to  justify  a  belief  that  they  there  occur 
in  a  comparatively  early  stage,  and  not  removed  by  many  centuries  from  the  time 
when  they  were  merely  delineations  of  the  objects  the  names  of  which  they  have 
preserved.  Assuming  this  to  have  been  the  ca>e,  what  is  the  stage  of  culture  to 
which  the  inventors  of  this  alphabet  appear  to  have  attained  ? 

They  were  not  mere  nomads  or  hunters,  but  a  people  with  fixed  dwellings  for 
themselves  and  enclosures  for  their  cattle ;  they  were  acquainted  with  agriculture, 
and  had  domesticated  animals,  and  employed  the  ox  as  a  beast  of  draught  to  cul- 
tivate fields,  the  produce  of  which  they  reaped  with  metallic  sickles.  In  fact 
their  civilization  would  seem  to  have  been  at  least  equal  to  that  of  the  bronze- 
using  people  of  the  Swiss  lake-dwellings. 


A  Pata-patoo  from  New  Zealand.     By  Sir  DUNCAN  GIBB,  Bart. 
The  author  was  presented  with  a  stone  weapon  called  pata-patoo  by  his  friend 
the  late  Capt,  Lowe,  who  had  been  au  old  traveller  among  the  islands  of  the 
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Pacific.  It  was  obtained  in  the  Society  Islands,  but  had  come  originally  from 
New  Zealand,  and,  although  of  recent  manufacture,  now  extremely  difficult  to  obtain. 
The  present  example  was  composed  of  dark-green  basalt  smoothly  polished, 
12  inches  long,  and  weighed  1^  ID.,  thus  forming  a  powerful  weapon  for  striking 
the  top  of  the  head.  'Indeed  the  alleged  use  to  which  it  was  put  by  the  inhabi- 
tants was  to  dispatch  old  people  when  they  became  infirm  (their  parents  fqr 
example),  by  a  blow  in  the  middle  of  the  top  of  the  skull  inflicted  from  behind 
when  it  was  least  expected.  This  blow  was  sufficient  to  split  the  skull,  and  death 
was  instantaneous.  The  hard  and  compact  nature  of  the  stone  rendered  it  a  safe 
weapon  to  accomplish  its  end.  This  terrible  custom,  which  the  author's  friend 
learned  had  been  at  one  time  prevalent,  has  long  ceased  to  be  practised  j  no 
account  of  it  appears  in  Capt.  Cook's  voyages,  although  he  brought  several  of  the 
weapons  in  stone  and  bone  to  England  now  preserved  in  the  British  Museum. 
In  the  Museum  there  were  eleven  pata-patoos  (three  of  them  bone),  and  in  the 
Christie  collection  also  eleven  (two  of  them  bone),  the  largest  being  18  inches 
long  and  the  heaviest  3  Ibs.  in  weight. 


Stone  Implements  and  Fragments  of  Pottery  from  Canada. 

By  Sir  DUNCAN  GIBE,  Bart. 

The  author  referred  to  the  discovery  of  stone  implements  and  pottery  throughout 
Canada,  of  various  degrees  of  antiquity,  the  most  recent  being  stone  gouges, 
Chisels,  hammers,  and  domestic  utensils.  Arrow-heads  and  spears  were  more  ancient, 
as  they  were  not  met  with  in  recent  sepultures,  but  generally  were  found  on  the 
surface  of  ploughed  laud.  The  implements  which  ne  had  collected  himself  in 
Canada  consisted  of  sixteen  arrow-heads,  two  ilat  spears,  ami  two  axes.  The 
spears  were  composed  of  chert,  and  were  from  the  Sagucnaye  district,  the  largest 
being  4£  inches  long  by  2  wide ;  they  were  well  formed,  flat,  and  thin.  The  axes 
were  of  polished  greon  micaceous  schist,  wedge-shaped,  from  3^  to  4  inches  long 
and  f  of  an  inch  thick  ;  weight  1\  and  4  ounces  :  found  at  Niagara.  The  arrows 
varied  in  their  size,  form,  and  composition,  ranging  in  length  from  f  of  an  inch  to 
3|  inches,  being  either  long  and  narrow  tapering  to  a  point,  or  broad  and  rounded 
in  shape ;  one  resembled  a  small  celt  in  form.  They  weighed  from  16  to  340 


aguenaye 

Ottawa  river,  Chippewa,  Niagara,  William  Henry,  and  Quebec ;  the  greater  num- 
ber were  composed  of  chort;  one  was  of  red  slate,  another  of  white  quartz  :  on  tho 
whole  they  differed  in  form  from  the  arrows  found  in  the  British  Islands.  As 
arrows  were  frequently  found  at  Chippewa,  it  was  evidently  the  site  of  some 
ancient  battle-field,  as  no  Hakes  nor  chips  were  found  associated  with  them.  lie 
also  described  three  fragments  of  pottery,  from  the  shores  of  Lake  Erie  and 
Montreal,  all  imperfectly  baked.  Looking  upon  the  stone  arrows  and  spears  as  the 
most  ancient  stone  implements  found  in  Canada,  if  not  in  America,  the  author  was 
disposed  to  place  the  period  of  their  use  and  manufacture  at  about  1200  years  before 
the  Christian  era,  corresponding  to  the  time  that  our  forefathers  in  the  British 
Isles  might  have  used  such  things  as  weapons  or  objects  of  the  chase.  Neverthe- 
less, if  the  time  was  considered  at  which  the  aboriginal  inhabitants  of  America 
were  traversing  that  continent  and  required  some  weapon  as  a  means  to  kill  game 
to  subsist  upon,  4000  years  could  not  be  looked  upon  ns  too  remote ;  and  as  tho 
arrow  is  the  most  primitive  and  the  simplest  implement  we  have  any  knowledge 
of,  the  author  said  it  may  be  reasonably  considered  to  have  been  employed  by  the 
inhabitants  of  Canada  at  that  time,  as  well  as  probably  over  other  parts  of  the 
North-American  Continent.  

On  the  Oaro  Hill  Tribes  of  Bengal.  By  Major  II.  II.  GODWIN- AUSTEN,  F.  R.  G.S., 
F.Z.8.,  $c.t  Deputy  Superintendent  to  the  Topographical  Suwey  of  India. 
The  Garos  occupy  the  extreme  western  end  of  the  range  of  bills  south  of  the 

Brahmaputra  and  Assam,  and  are  allied  to  the  Mcch  and  Kachari.  They  do  not  erect 
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stone  monuments,  but  we  find  a  similar  custom  in  the  setting  up  of  posts  of  wood 
with  tables  in  front  made  of  bamboo ;  and  this  has  led  the  author  to  think  that 
these  very  perishable  constructions  gave  rise  to  the  erection  of  the  monolith  and 
dolmen  as  seen  in  tho  Kliasi  JlilLs  adjacent  on  the  east,  the  object  of  both  tribes  iu 
setting  them  up  being  as  a  propitiation  of  good  fortune.  Setting  up  curiously 
carved  and  peeled  roas  is  another  peculiar  custom,  particularly  as  it  has  been 
noticed  by  Mr.  St.  John  in  Arakan.  The  Along  clan  is  an  interesting  section  of 
the  Garo  tribe,  speaking  a  different  dialect  containing  many  words  used  on  the 
Munipur  side ;  this,  with  their  better  stature  and  appearance,  points  to  a  former 
emigration  from  that  side.  The  use  of  the  bow  and  arrow  coniiued  to  the  Khaai, 
the  Garos  carrying  only  spears  and  sharp  swords,  is  an  interesting  fact  in  tribes 
living  so  close  together. 

Drawings  of  the  graves  and  the  carved  posts  £c.  were  given,  and  notice  mode  of 
the  dress  and  points  of  difference  between  the  Laugam  and  other  Guros, 


On  ilw  Barrows  of  tlie  Yorkshire  Wolds. 
By  the  llev.  W,  GKEJ.NWEL^  M.A.,  F.&A. 

This  paper  was  confined  to  a  description  of  tho  round  barrows  and  their  con- 
tents.    In  general  form  these  barrows  arc  either  conical  or  bowl-shaped.     It  is  pro- 
bable that  many  had  originally  an  encircling  mound  or  a  ditch,  or  both,  at  the  base ; 
but  if  such  were  the  case,  all  traces  of  these  enclosures  have  been  destroyed.     The 
barrows  were  constructed  of  the  materials  nearest  at  hand,  more  commonly  of  earth 
than  of  chalk,     They  are  usually  associated  in  groups,  but  a  single  barrow  is  not 
uncommon.     As  a  rule,  they  have  been  erected  on  high  ground.     Holes  are  often 
found  under  the  mounds,  sunk  below  the  natural  surface  of  the  soil  ;  the  author 
suggests  that  these  may  probably  have  been  the  receptacles  of  food  or  other  perish- 
able material.     Animal  bones  arc  usually  scattered  through  the  mounds,  and  appear 
to  be  the  remains  of  feasts  ;  Hints  and  potsherds  also  occur  among  the  materials  of 
the  barrows.     The  bodies  buried  under  the  mounds  occur  at  \nrious  levels,  the 
central  burial  being  usually  in  a  grave  excavated  in  the  chalk.     Generally  there  is 
nothing  to  protect  the  body  from  tho  pressure  of  the  overhing  soil,  interments  iu 
cists  boil)"  almost  entirely  unknown  in  tho  Wolds.     Ilarely  the  body  has  been 
protected  by  a  colHn  formed  of  a  hollow  tree-trunk.     The  remains  of  the  body, 
when  burnt,  are  sometimes  enclosed  in  a  urn.     Secondary  interments  are  common, 
and  the  bodies  previously  buried  have  been  thereby  disturbed  and  the  bones  scat- 
tered.    Some  cases  of  apparent  disturbance  suggest  the  idea  that  the  fle^h  may 
have  been  removed  from  tho  bones  before  burial,  and  the  naked  bones  deposited  iu 
the  barrow.     In  some  instances  the  burials  were  by  inhumation,  in  others  after 
cremation,  the  former  practice  being  by  far  the  more  common  in  the  Wolds.    The 
one  process  does  not  appear  to  have  been  older  than  the  other;  nor  has  the  differ- 
ence in  question  been  one  of  social  rank  or  of  sex.     Jn  cases  of  burial  by  inhuma- 
tion, the  unburnt  body  is  always  found  l>ing  on  the  side  in  a  contracted  position, 
with  the  knees  drawn  up  towards  the  head.     This  was  evidently  not  due  to  tho 
requirements  of  space,  out  must  have  originated  in  some  settled  principle,  the 
meaning  of  which  is  not  understood,  but  which  appears  to  have  been  common  to 
all  mankind  at  a  certain  stage  of  development.     Perhaps  it  was  in  imitation  of  the 
natural  posture  assumed  in  sleep  when  the  individual  sought  warmth.     The  direc- 
tion of  the  body  seems  to  follow  no  rule.    Some  barrows  are  found  empty — the 
so-called  cenotaphs ;  but  the  author  believes  that  in  most  cases  such  barrows  have 
not  been  exhaustively  searched ;  if  really  empty,  he  believes  this  due  to  decay  of 
the  skeleton,  and  not  to  the  mound  having  been  originally  unoccupied.     Charcoal 
is  generally  found  associated  with  unburnt  bodies;  and  the  author  suggests  that  this 
may  bo  the  remains  of  the  lire  through  which  the  corpse  was  passed,  when  actually 
burning  the  dead  had  become  to  some  extent  a  merely  representative  custom.    If 
this  be  so,  cremation  must  have  been  universal,  even  witii  those  bodies  which  are 
apparently  unburnt.    It  is  likely  that  the  unburnt  bodies  were  laid  in  the  grave 
clothed.  "  The  barrows  contain  numerous  weapons  and  implements  of  stone  (includ- 
ing flint),  of  bronze,  and  rarely  of  bone  or  horn,    The  catalogue  of  stone  implements 


188  REPORT— 1872. 

includes  almost  all  those  which  occur  elsewhere,  but  the  bronze  articles  are  very 
limited ;  indeed,  from  the  paucity  of  bronze  implements  and  weapons,  it  is  con- 
cluded that  the  barrows  belong  to  a  period  before  that  alloy  came  into  general  use. 
It  is  notable  that  the  articles  in  flint  found  in  immediate  contact  with  the  bodies 
appe.ii-  in  most  cases  to  be  perfectly  new,  and  as  if  made  expressly  for  the  burial ; 
while  those  which  are  not  tound  in  association  with  an  interment  generally  show 
signs  of  having1  been  in  use.  In  248  burials  by  inhumation  and  after  cremation, 
39  had  articles  of  flints  or  other  stone,  10  of  bronze,  and  3  of  horn.  Orna- 
ments and  objects  of  personal  decoration  are  occasionally  found  with  the  burials  in 
the  barrows,  but  are  apparently  confined  to  women.  Out  of  the  248  burials  only 
5  possessed  sucli  objects ;  no  gold,  glass,  or  amber  has  been  found ;  and,  indeed,  the 
whole  of  the  evidence  aiibrded  by  the  barrows  tends  to  show  that  they  were  tho 
burial-place  of  a  people  in  an  humble  condition,  possessing  but  little  wealth,  and 
having-  but  limited  intercourse  with  other  parts  of  the  country.  Vessels  of  earthen- 
ware frequently  accompany  the  bodies  buried  in  the  barrows.  Out  of  248  burials, 
69  were  associated  with  pottery;  and  7  of  those  vessels  were  cinerary  urns  holding 
the  ashes  of  the  dead.  The  vessels  vary  greatly  in  size,  shape,  quality  of  paste,  and 
style  of  ornamentation.  All  the  pottery  is  hand-made,  unglazed,  imperfectly  baked 
at  an  open  fire  and  not  in  a  kiln.  Broken  stone  is  usually  mingled  with  the  clay. 
The  ornamentation  is  confined  to  lines,  generally  straight  lines.  The  author 
maintains  that  these  vessels  were  not  pieces  of  domestic  pottery  used  in  daily  life, 
but  were  manufactured  solely  for  sepulchral  purposes.  On  the  other  hand,  many  of 
the  potsherds  scattered  amonjr  the  materials  of  the  mound  appear  to  be  fragments 
of  domestic  pottery.  Some  idea  of  the  diet  of  tho  early  Wold-dwellers  is  de- 
rived from  a  study  of  the  bones  scattered  through  the  barrows.  These  bones  are 
referable  to  Bos  lonffifrons,  to  an  ox  which  was  probably  a  cross  between  this 
species  and  the  Urus,to  the  pig,  the  goat  or  sheep,  the  horse  and  the  do^.  Domesti- 
cated animals  thus  formed  the  main  support  of  these  people.  Bones  of  the  red  deer 
are  also, but  very  rarely,  found.  From  the  evidence  aiibrded  by  the  barrows  it  appears 
that  the  early  inhabitants  of  the  Yorkshire  Wolds  must  have  lived  in  an  organized 
state  of  society,  that  they  possessed  domesticated  animals  and  cultivated  grain, 
that  they  manufactured  woollen  and  perhaps  linen  fabrics,  and  that  they  had 
attained  considerable  skill  in  metallurgy  and  were  acquainted  with  tho  manufac- 
ture of  pottery,  though  ignorant  of  the  potter's  wheel.  It  is  believed  that  it  was 
their  custom  to  bury  with  tho  dead  the  wives  and  children  of  the  deceased,  and 
perhaps  their  slaves.  The  round  barrows  yield  both  dolichocephalic  and  brachy- 
cephalic  skulls.  The  short-headed  race  were  taller,  more  strongly  built,  and  harsher 
in  features  than  were  the  long-headed  people.  With  regard  to  the  age  of  the  round 
barrows,  the  author  feels  safe  in  not  attributing  to  them  too  high  an  antiquity  by 
referring  them  to  a  period  which  centres  more  or  less  in  B.C.  1000, 


Theories  regarding  Intellect  and  Instinct,  with  an  attempt  to  deduce  a  satis- 
factory  conclusion  therefrom.  By  GEORGE  HARRIS,  F.^^L,  Vice-President 
of  the  Anthropological  Institute. 

The  author  gave  a  concise  summary  of  the  opinions  of  Aristotle,  Virgil,  Origen, 
St.  Augustine,  l)e  la  Chambre,  Des  Cartes,  Hobbes,  Willis,  Sir  Matthew  Hale, 
Dr.  Henrv  More,  Cud  worth,  Locke,  Sir  Isaac  Newton,  Priestley,  Bufllm,  Dean, 
Dugald  Stewart,  Smellie,  Sir  W.  Lawrence,  Mr,  A.  Smee,  Mr.  Isaac  Taylor,  Mr. 
Herbert  Spencer,  Prof,  de  Quatrefages,  and  some  other  authorities  j  and  observed 
that  widelv  as  these  great  authorities  appear  to  differ  one  from  another  in  their 
opinions,  tlieir  several  tenets  are  by  no  means  irreconcilable,  and  the  theories  pro- 
pounded by  each  are  calculated  to  aid  in  arriving  at  a  satisfactory  conclusion  as  to 
the  entire  subject.  Intellect  and  instinct,  he  thought,  were  like  two  countries,  in 
many  of  their  main  features  and  productions  nearly  resembling  each  other, 
while  in  other  respects  they  are  strikingly  and  totally  dissimilar.  They 
differ  essentially  as  regards  the  topics  they  embrace  and  their  mode  of 
dealing  with  these  topics.  Instinct  only  applies  itself  to  matter  so  far  as  sensa- 
tion proceeding  from  it  conduces  to  this  endj  while  Intellect  not  only  takes 
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cognizance  of  it  in  this  manner,  but  proceeds  to  various  operations  quite  beyond 
these,  of  a  far  higher  nature,  and  embracing  tho  consideration  of  moral  and  abstract 
topics.  In  many  cases  animals  are  directly  and  uniformly  impelled  to  do  certain 
actions,  in  which  they  are  guided  mainly  by  sensation,  and  to  their  excellence  in 
which  they  owe  the  perfect  manner  in  whicli  these  operations  aiie  carried  on.  But 
in  addition  to  this  blind  impulse,  they  exhibit  a  capacity  of  remembering,  and  de- 
liberating, and  reasoning  to  a  certain  extent  and  on  certain  matters,  although  they 
are  utterly  incapable  of  acquiring  any  of  tho  sciences  of  reading,  writing,  or  even 


animals,  sooms  almost  necessarily  to  imply  their  endowment  with  some  sort  of  im- 
material being,  analogous,  although  very  inferior,  to  the  POII!  in  man — an  opinion 
held  by  some  of  the  distinguished  philosophers  whose  opinions  he  cited. 


Mr.  T.  Mcfv.  HUGHES  exhibited  a  series  of  fragment*  of  chert  which  ho  had  col- 
lected below  a  chert-bearing  limestone  on  Ingloborough  in  Yorkshire.  Tie  explained 
how  the  chert  got  shivered  as  the  limestone  broke  up  along  its  outcrop,  and  the 
edges  of  fragments  sticking  out  of  tho  rainwash  or  dritt  clay  got  chipped  by  stones 
rolling  down  the  slope*,  by  trampling,  sheep,  £0. ,  while  tho  frost  fini4ied  tlie  work. 
He  pointed  out  that  man  seems  generally  to  have  dressed  the  ed^e  of  a  flint  by 
blows  or  pressure  of  somewhat  equal  intensity;  whereas,  except  in  rare  instances, 
tho  chips  taken  off  by  nature  varied  according  to  the  size  of  the  falling  stones,  &c.; 
and  the  position  of  tho  fragment  being  chipped. 

He  had  made  this  collection  since  examining1  tho  flints  in  the  museum  at 
St.  Germain?,  which  are  supposed  by  some  to  indicate  tho  existence  of  man  in  the 
Miocene  Period  in  France,  but  which  he  considered  should  be  referred  to  some 
such  agency  as  that  he  had  just  described. 


0)i  some  Bone  anil  other  Implements  from  tlit  Caves  of  Pcrigord,  France, 
beariw/  marks  indicative  of  Ownership y  Tallying,  or  Gambling.  By  Prof. 
T.  HUPKUT  JONES,  F.R.S.,  F.G.S. 

A  knife-like  ivory  plate,  marked  with  regular  pits,  marginal  notches,  and  groups 
of  lateral  scorings,  from  the  Gorge  d'Eiifer,  opposite  Lcs  Kyzies,  OH  tho  Ve/ere, 
was  the  chief  implement  described  and  commented  on.  It  is  supposed  by  the 
author  to  have  reference  possibly  to  some  gambling-transaction^  of  the  aborigines, 
as  North-American  Indians  and  others  score  their  play  on  sticks  and  bones. 

The,  shape,  sy.stem.itic  pittings,  crcmilated  edge,  and  scorings  on  this  specimen 
wore  compared  with  known  instances  of  such  markings  on  ancient  and  modern 
implements  of  savage  make.  The  author  recognized  simnle  and  compound  scorings 
ami  notches,  similar  to  those  made  by  Eskimo  on  their  Imrpooiis,  as  owner-marks 
on  several  weapons  of  bone  from  tho  French  caves.  Some  which  appear  to  be 
tally-marks,  and  several  bearing  either  poison-grooves  or  capricious  and  aimless 
cutting  and  dotting,  were  also  described  and  commented  on. 


Western  Anthropologists  and  extra -West  em  Communities. 
By  JOSUPH  KAIXES,  M.AJ.  cjr. 

Tho  author  commenced  by  asking,  "  What  are  the.  duties  of  Western  Anthro- 
pologists to  the  less  civilized  communities  of  mankind:'''  In  answering  it,  he 
wiid  he  should  put  out  of  sight  altogether  all  considerations  of  a  purely  material 
sort,  and  look  only  at  the  normal  aspects  of  the  subject.  Ho  argued  that  tho 
existence  of  the  science  of  Anthropology  depended  on  tho  preservation  of  tho 
less  civilized,  since  little  or  no  knowledge  ot  human  evolution  or  development 
could  bo  obtained  but  through  thorn :  and  the  past  history  of  mankind,  espe- 
cially of  the  races  more  advanced  in  civilization,  could  be  understood  only  by 
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studying  the  moral  and  intellectual  conditions  under  which  the  less  advanced  at 
present  exist. 

The  result  of  Western  contact,  whether  commercial  or  philanthropic,  wore 
dwelt  upon  at  large,  and  shown  to  he  so  hurtful,  that  they  were  the  chief  (if  not 
the  only)  external  causes  of  the  dying  out  of  the  backward  peoples.  Numerous 
illustrations  in  support  of  this  were  given.  AYcstern  civilization,  in  its  relations, 
past  or  present,  with  China,  India,  Japan,  "besides  other  places,  was  reviewed,  and 
its  unfitness  was  illustrated;  in  support  of  which  conclusion  references  were  made 
to  and  quotations  were  given  from  the  writings  of  Mr.  A.  11.  Wallace,  Captain 
R.  S.  Burton,  Mr.  Wiuwood  lleade,  Lord  Klgin,  and  others. 

In  conclusion,  the  author  argued  that  the  duty  of  Western  anthropologists  to 
the  backward  peoples  is  that,  recommended  by  Augusto  Comte,  of  protection. 
Anthropologists  should  urge  upon  the  Western  governments  the  policy  of  pre- 
serving the  backward  peoples,  and  of  protecting  them  against  the  cruel  and  lawless 
of  whatever  colour  or  race. 

Discovery  of  a  Flint- Implement  Station  in  Wtshmoor  Bottom,  near  Sandhurst. 
By  Lieut.  0.  COOPER  KING,  li.Af.A. 

The  author  described  the  discovery  of  several  isolated  groups  of  flint  flakes  in 
limited  areas  in  Wishmoor  Bottom,  near  Sandhurst,  one  "find"  including  a 
large  number  of  flakes  with  several  cores  and  two  implements  of  palaeolithic 
type.  The  marshy  deposit  with  the  flints  occupies  a  minor  cul-de-sac  \alley; 
and  a  small  isolated  hill  in  its  opening  has  sheltered  the  station  from  the  great 
east  and  west  road  line  which  runs  near  it.  The  Hint  from  which  the  implements 
were  made  appears  not  to  be  the  flint  of  the  neighbourhood,  but  must  have  been 
brought  from  a  distance.  It  was  suggested  that  the  area  in  which  the  discoveries 
were  made  may  have  been  a  small  lake  at  the  period  of  its  occupation  by  an  abori- 
ginal race,  and  the  small  groups  of  flints  may  be  the  sole  remnants  of  an  ancient 
lake-dwelling. 

The  Pretended  Identification  of  the  EayHsJt  Nation  with  the  "Lost  House 
of  Israel"     By  A.  L.  LEWIS,  M.A.L 


On  the  Skeleton  of  the  Red  Socks.     By  M.  MOCGRIDCTS,  F.G.S.,  F.BJKst.S. 

On  the  seashore  two  miles  east  of  Mentone  is  a  range  of  lofty  cliffs,  called  the 
Bochers  Rouges.  They  are  composed  of  Jurassic  limestone,  and  abound  in.caverns. 
A  photograph  showed  their  general  character ;  and  the  cave  most  to  the  right, 
which  is  103  feet  above  the  sea,  is  that  in  which  the  skeleton  (which  has 
been  dignified  by  several  appellations)  was  discovered  recently  by  l)r,  Uiviere, 
•who  is  employed  by  the  French  government  to  make  excavations' for  fossils  along 
this  coast  (though  in  fact  these  rocks  are  in  Italy),  and  whose  skill  and  perseve- 
rance have  brought  to  light  many  valuable  specimens. 

This  cave,  which  has  been  subjected  to  many  previous  explorations,  at  the  mouth 
nine  feet  deep,  was  filled  up  to  the  modern  floor  with  earth,  (tw/ulttr  stones,  flints 
worked  by  man,  some  charcoal,  and  the  remains  of  diverse  animals.  As  was  shown 
in  the  photograph,  the  skeleton  was  lying  upon  tho  left  side,  in  an  attitude  such  as 
might  have  been  assumed  in  sleep.  It  was  eight  feet  below  the  modern  floor  at 
that  part  of  the  cave,  nine  feet  from  the  entrance,  lying  north  and  south,  and  tho 
head  was  to  the  south.  Eye-teeth  of  the  deer  and  small  shells,  both  piorccd, 
encircled  the  skull ;  possibly  they  may  have  ornamented  a  fillet  5  many  fell  oft1 
before  the  photograph  was  taken.  In  contact  with  the  body  flint  instruments  had 
been  placed ;  and  a  circle  or  rather  oval  was  formed  around  by  rude  stones  in  juxta- 
position. With  one  end  touching  the  closed  teeth,  and  projecting  from  tho  mouth 
as  if  that  end  had  been  placed  within  tho  lips,  was  a  mass  of  metallic  grains  (oxide 
of  iron),  four  inches  long  and  one  inch  wide,  of  which  a  sample  was  shown.  Such 
substance  does  not  occur  in  the  neighbourhood,  and  tho  author  knows  no  parallel 
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cose.  Mav  it  have  been  a  fetish  or  charm?  The  shin-bone  is  ilat,  a8  in  the 
skeletons  found  by  Air.  Busk  at  Gibraltar. 

Passing  to  the  interior,  the  rock  at  the  bottom  descends  to  a  lower  level.  In 
those  recesses  occur  tho  remains  of  Ursus  spvlceus,  lly&na  spel&a,  lilijnoceros,  &c. 
Thus  if  tho  skeleton  docs  not  carry  us  back  to  tho  days  of  tho  extinct  animals 
(mile.*)  tho  deer  may  bo  of  an  extinct  species),  it  is  a  very  interesting1  relic  of  the 
"Flint  Age."  It  may,  howe\cr,  be  asked,  How  are  we  to  fix  the  termination  of 
that  age?  Does  it  nut  vary  with  tho  approach  to  civilization  of  different  races:' 
To  this  day  with  the  Esquimaux  that  ape  has  not  terminated. 

Tho  immediate  neighbourhood  of  this  cave  does,  however,  afford  proof  that 
man  was  contemporaneous  with  the  extinct  beasts,  as  the  author  showed  at 
Edinburgh,  where  ho  stated  that  at  a  depth  of  thirty  feet,  in  breccia  fibriued  of 
angular  stones,  luted  together  by  carbonate  of  lime  and  oxide  of  iron,  and  so  solid 
that  it  could  only  be  worked  by'blasting),  he  had  himself  taken  out  the  remains  of 
Ursits  sprla  us  &c.  in  contact  with  flints  worked  by  man,  which  may  now  be  seen 
in  tho  temporary  museum. 

The  author  concluded  with  testifying  to  the  zeal,  talent,  and  laudable  perseve- 
rance of  Dr.  Hiviere,  the  gentleman  who  discovered  this  highly  interesting  skeleton. 


On  the  Ethnological  Affinities  of  the  French  and  English  Peoples. 

By  Dr.  T.  NICHOLAS,  M.A.,  F.G.S. 

Having  assumed  that  Britain  had  been  first  peopled  from  Gaul,  a  fact  partly 
substantiated  by  Cjosar,  the  author  proceeded  to  inquire  into  those  changes,  or 
supposed  change^,  of  raco-chnrarter  which  >  nrious  conquests  had  brought  upon  both 
peoples.  Having  intimated  that  the  Roman  occupation  of  several  hundred  years 
had  resulted  in  greater  rare-ndmixtme  on  both  sides  of  the  Channel  than  was 
usually  allowed,  the  author  argued,  from  a  rapid  glance  at  the  Frankish  conquest 
of  Gaul  by  Clous,  and  the  second  conquest  by  IVpin  and  Charlemagne,  that  they 
had  not  very  extcnshelv  imbued  the  Gallic  population  with  Prankish  blood,  and, 
in  like  manner,  that  the  parallel  conquest  of  Britain  by  the  Germans,  usually 
known  as  tho  Saxon  Conquest,  had  only  \  cry  partially  coin  cried  the  people  of 
Britain  into  Anglo-Saxons,  except  in  name.  The  Britons,  instead  of  harms1  been, 
according  to  the  popular  representation  based  on  the  *  Do  excidio  Britannico  of  tho 
supposititious  Gihlas,  exterminated  or  bodily  expelled  tho  country,  had  in  time 
coalesced  with  tho  invaders  and  become  one  people.  This  was  the  only  way  in 
which  seven  or  eight  populous  sovereignties  could  be  furnished  with  subjects  in 
PO  short  a  time.  Before  the  descent  upon  Neustria  by  Hollo,  and  the  conquest  of 
England  by  the  Danes  and  Normans,  therefore,  the  Celtic  character  of  the  mass  of 
the  French  people  hnd  not  been  greatly  changed,  and  the  people  of  England  were  in 
nil  probability  loss  German  than  Celtic.  It  tollowtd  that  the  teim  "  Anglo-Saxon'* 
could  onlv  be  applied  to  the  English  in  the  same  unscientific  way  as  the  term 
"  Franks r'  (French)  was  applied  to  the  substantially  Gallic  inhabitants  of  Gaul, 
nnd  always  involved  a  distortion  of  the  truth.  The  Xorman  Conquest  was  achieved 
by  an  nnny  presmnifihlv  more,  Gallic  than  Norman,  and  had  therefore?  only  added 
to  the  Celtic  blood  of  England ;  whilo  the  Norman  conquest  of  Neustria  had 
affected  but  a  small  fraction  of  the  French,  and  nftorted  that  fraction  ethnically 
but  very  slightly.  The  conclusion,  therefore,  from  this  parallel,  as  from  the  other 
parallels  in  the  history  of  the  two  nations,  was,  that  they  have  continued  to 
partake  largely  of  Celtic  blood,  although  not  so  largely  as  in  pre-ltoman  timea. 

Juti&h  i 

wdernbU    .- —   ^  ^  .    . 

characteristics  of  the  French,  as  determined  by  Broco,  Edwards,  and  others,  and 
some  of  their  mental  and  social  characteristics,  were  pointed  out  as  constituting 
points  of  difference  between  them  and  tho  Engl^h.  On  the  whole,  the  claims  to 
sympathy  and  amity  which,  on  ethnological  grounds,  the  two  nations  had  on  each 
other  were  held  by  the  author  to  be  strong. 

U* 
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Notice  of  a  Sllicrfied  Forest  in  the  Hocky  Mountains,  iviih  an  account  of 
a  supposed  Fossil  Chip.  By  II.  ALLEYNE  NICHOLSON,  M.D.,  D.Sc., 
F.R.S.E.,  Professor  of  Natural  History  in  University  College,  Toronto. 

The  object  of  this  communication  was  to  describe  two  specimens  which  had 
recently  been  presented  to  the  Museum  of  Toronto  University,  Canada,  by  Mr. 
Worthington  of  that  city.  One  of  the  specimens  is  a  largo  fragment  of  siliciiied 
wood  obtained  by  that  gentleman  from  a  fossil  forest  in  the  Rocky  Mountains. 
This  forest  is  situated  not  far  from  Colorado  city,  at  a  supposed  height  of  seven 
thousand  feet  above  the  sea,  in  the  neighbourhood  of  the  mountain  known  as 
Pike's  Peak,  not  far  from  Ute  Pass.  Tlio  forest  covers  a  large  area,  the  troes 
standing  apparently  on  the  margins  of  an  ancient  lake.  The  stumps  vary  from 
three  to  four  feet  in  height,  and  from  ten  to  twenty  feet  or  more  in  diameter,  and 
there  can  be  but  little  doubt  as  to  their  being  the  remains  of  a  forest  of  the  Sequoia 
gigantea,  which  still  lives  in  California.  A  similar  forest  was  described  by  Professor 
Ikfarsh  near  Mount  St.  Helena,  the  age  of  which  was  shown  to  be  later  Pliocene ;  so 
that  there  is  every  probability  that  the  antiquity  of  the  present  forest  is  the  same. 

Another  specimen  is  one  of  extreme  interest,  if  only  exact  details  were  obtain- 
able as  to  the  circumstances  under  which  it  was  found.  It  appears  to  be  one 
of  many  specimens  which  was  picked  up  on  the  ground  close  to  the  stump  of 
one  of  these  large  trees  ;  and  it  presents  all  the  appearances  of  a  fossil  chip  struck 
from  the  living  tree  by  the  hand  of  man.  The  author  showed  that  every  particular 
in  this  specimen  corresponded  exactly  with  what  is  observable  in  an  ordinary  chip 
cut  from  a  standing  tree  by  an  experienced  axe-man.  This  is  especially  tho  case 
with  the  upper  surface  of  the  specimen,  which  presents  a  clean  obliquely  descend- 
ing face,  cutting  across  the  fibres  of  tho  wood,  and  even  exhibiting  tho  unequal 
shrinking  of  the  different  layers  of  wood,  which  is  invariably  observable  whenever 
soft  wood  is  divided  in  this  manner  by  a  sharp  instrument.  Actual  chips  in  every 
respect  undistinguishable  from  this  specimen  could  be  obtained  anywhere  in  the 
backwoods  in  Canada;  and  it  seems  impossible  to  doubt  that  it  really  was  a  chip 
cut  from  one  of  these  ancient  trees.  The  chief  difficulty  in  the  way  of  this  vie\v  is 
the  fact  that  the  surfaces  of  incision  are  too  clean  to  have  been  made  by  nny  tiling 
except  a  metal  implement.  It  was  impossible,  however,  to  determine  from  the 
data  in  hand  what  might  be  the  date  at  which  this  fos.sil  was  silicified. 


On  some  Evidences  suggestive  of  a  Common  Migration  from  the  E«st,  shown 
by  Archaic  Remains  in  America  and  Britain.  By  Jonx  S.  Piiuxfi,  F.S.A., 
F.G.S.,  F.R.G.S.,  F.RJ.B.A. 

The  author  first  referred  to  a  paper  read  by  him  last  year  at  the  Meeting  held 
at  Edinburgh,  in  which  he  had  drawn  attention  to  some  rcmtirkable  mounds  iu 
North  Britain,  which  he  considered  were  identical  with  the,  serpent  and  alligator 
mounds  of  America.  He  stated  that  since  that  Meeting  ho  had  opened  the  must 
perfect  of  these  British  mounds,  and  with  very  satisfactory  and  interesting  results  ; 
but  as  the  particulars  of  the  investigation  had  been  published  both  by  himself  ami 
also  by  Miss  Constance  F.  Gordon  Gumming  (in  'Good  Words,'  with  an  illustra- 
tion), he  should  pass  on  to  other  matter. 

He  then  showed  from  drawings  by  several  artists,  including  the  names  of 
Mr.  C.  J.  Lewis  and  Miss  Gordon  dimming,  by  photographs,  and  by  different 
models  taken  by  Mr.  Mortimer  Evans,  C.E.,  14.G.S.,  of  Glasgow,  the  peculiar 
formation  of  the  mound. 

He  pointed  out  various  difficulties  he  had  met  with  in  coming  to  an  accurnte 
decision  about  the  mound,  but  how,  finally,  he  found,  on  reducing  it  to  scale  and 
taking  the  various  levels,  that  it  agreed  almost  entirely  with  the  Kgvptian  Urams 
and  the  Phoenician  Serpent  deity,  each  of  which  is  represented  in  relics  now 
extant  as  in  the  precise  position  of*  the  iorm  of  the  mound,  and  each  with  the  solnr 
disk  at  its  head,  which  is  found  to  correspond  exactly  with  tho  cairn  formerly 
described  as  the  head,  but  which  is  now  found  to  be  in  tho  position  of  resting  upon 
it,  assuming  the  figure  were  placed  vertically  instead  of  horizontally, 
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The  author  next  proceeded  to  show  that  his  observations  on  this  point  also 
explained  the  only  ambiguity  in  the  case  of  the  great  American  serpent  mound  at 
Ohio,  which  he  also  argued  is  surmounted  by  the  solar  orb,  thereby  agreeing  with 
the  Egyptian,  Phoenician,  and,  as  he  claims,"  British  representations  also. 

Ho  then  illustrated  his  -subject  by  a  great  many  examples  of  customs  in  the 
mode  of  constructing  this  class  of  monuments  common  to  several  countries,  espe- 
cially modes  of  excavation,  curving  into  form,  and  erection,  which  he  found  agreed 
in^each  case  in  Egypt,  America,  and  Britain  ;  and  from  these  he  argued  a  common 
origin,  custom,  and  migration.  lie  quoted  Mr.  Ferguson  to  show  that  the  theory 
he  ^  advanced  was  the  most  probable  course  by  which  America  could  have  been 
visited  by  the  mound -builders  of  the  east  of  Europe,  and  who  might  also  with 
equal  reason  have  spread  to  Britain. 

He  then  quoted  a  number  of  authorities  to  show  that  the  words  OB,  meaning  ser- 
pent, and  ON,  meaning  sun,  represented  the  sun  and  serpent  deity  commonly  wor- 
shipped in  Egypt  and  rhu'nicia;  that  the  same  word,  with  the  addition  of  the  letter 
I,  is  found  in  Africa :  OB10N  and  OB(  )\I  both  represented  bcrpent  and  solar  deities 
which  wore  worshipped  by  some  tribes  in  a  visible  and  sensual  manner  and  by 
some  in  a  spiritual  sense,  lie  «howed  how  rare  places  with  these  component 
names  are — one  only  in  Europe  (Britain  excepted),  tour  or  five  in  Asia,  where  the 
worship  of  the  sun  and  serpent  still  continues,  those  already  quoted  ill  Africa,  and 
one  only  in  America  directly*;  but  he  proceeded  to  show  that  some  of  the  Ame- 
rican names  in  the  districts  of  the  ancient  mounds  assimilated  very  nearly  to  these, 
milking-  allowances  for  no  greater  variation  than  had  taken  place  in  the  form  of 
names  in  their  transmission  from  Greece  to  Koine,  and  concluded  his  argument  by 
claiming  for  Oban  (the  town  near  when*  the  Argyllshire  mound  is)  the  name  of  the 
place  of  the  wrpwt  and  whir  deity,  AH-ON  or  OB-AX,  which  he  quoted  autho- 
rities to  show  were  used  indifferently,  as  EBOE  and  OBOE  ore  in  Africa  having 
that  meaning — pointing  out  also  that  the  Israelites  called  their  first  encampment, 
after  the  making  of  the  bra/on  serpent,  OBOTII. 

Inference  was  made  to  sonic  Egyptian  representations  of  taking  human  life  by 
official  power  as  slum  n  in  the  illustrations,  in  which  the  solar  serpent  deity  or  Uneua 
figure's  as  an  authority  tor  the  act  ;  and  the  author  stated  that  since  his  discovery  of 
the  mound  ft  (Jnelio  tradition  had  been  jmt  before  him,  which  the  natives  state* be- 
longs to  this  mound  in  particular,  and  which  identifies  it  as  a  place  of  public  execution 
in  the  early  British  or  .Pruidical  times.  The  Hindu  mythology  records  a  similar 
MTpeiit  mound  produced  bv  Krishna  ;  but  in  this  case  the  serpent  was  said  to  be 
li\ ing,  although  shaped  almost  exactly  like  the  AigylUhire  mound;  but  it  was 
remarkable  that  into  the  head  of  tins  serpent  people  and  animals  went  with 
Krishna  tor  refuse :  this  the  author  took  to  mean  self-immolation  and  the  satis- 
faction arising  from  dedication  to  the  deity;  and  finally  quoted  Mr.  IVrgUFSon  to 
show  that  the  principal  essential  wantinjr,  in  his  opinion,  to  constitute  the  British 
monuments  places  oi  sacrifice  was  present  in  the  case  of  the  Argyllshire  mound. 

On  the  Skulls  obtained  in  Canon  GrcenwdVs  Excavations* 
By  Professor  BOLLT:STON,  M.D.,  FJ1.8. 

Professor  llollrston  pavo  an  account  of  a  large  number  of  detailed  measure- 
ments of  the  skulls  obtained  by  Canon  Greenwell  in  his  excavations,  and  now  pre- 
sented by  him  to  the  Oxford  University  Museum.  lie  observed  that  his  examina- 
tion of  the  skulls  had  been  carried  on  without  any  reference,  in  most  cases,  and 
without  any  knowledge  in  mam*,  of  their  archaeological  surroundings.  Two  types 
of  skull,  the  same  two  as  had  been  described  by  Dr.  Thurnam  in  his  well-known 
papery  were  to  be  found  in  the  series  submitted  to  him.  Skulls  of  the  dolicho- 
cephalic type  were  frequently,  however,  found  to  bear  the  same  label  as  skulls  of 
the  brachycephalic,  and  might  be  presumed  therefore  to  have  come  from  the  same 
barrows.  *  If  it  should  turn  out  to  bo  the  fact  that  these  two  kinds  of  skull  had 
been  found  witJi  the  same  archaeological  surroundings,  this  would  be  a  different 

*  Since  reading  this  paper,  the  author  finds  the  name  OB10N  was  applied  to  a  river  in 
America  on  the  route  taken  by  the  ancient  mound-builders. 
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condition  of  things  from  that  which  had  been  described  by  the  trustworthy  author 
already  referred  to  as  existing  in  "Wiltshire,  and  would  have  to  be  explained  either 
as  being  the  result  of  an  intermixture  of  the  two  races  peacefully,  or  as  the  mani- 
festation of  a  tendency  to  variation  not  unparalielled  even  in  wild  tribes.  The  form 
of  cranium  which  Kotzius  had  called  the  "Common  Celtic  form"  (see  'Journal 
of  Anatomy/  vol.  iii.  p.  254, 1808)  was  almost  entirely  absent  in  this  series.  Tho 
same  remarks  applied  to  the  form  of  cranium  known  as  the  "  Bonds  Type  "  (seo 
Huxley  in  '  Prehistoric  Kemains  of  Caithness/  p.  128). 


On  the  Weddo  of  Ceylon.    By  Professor  EOLLESTOX,  M.D.>  F.R.S. 

Professor  Rolleston  exhibited  ten  photographs  of  the  Jungle  Weddo,  taken  by 
B.  F.  Hartshorne,  Esq.,  as  also  three  skulls  of  the  same  tribe  procured  by  the  pamo 
gentleman,  and  some  skulls  of  certain  Kolariim  tribes  procured  by  H.  J)uthoit,  Ksq., 
of  Mirzapore,  and  exhibited  for  the  sake  of  comparison  with  those  of  the  Ceylon 
aborigines.  There  was  no  doubt  about  the  genuineness  of  the  throe  AVeddo 
skulls ;  yet  one  of  the  three  wits  as  markedly  brachycephulic  (the  cephalic  index 
being  81)  as  the  others,  or  as  Weddo  skulls  usually,  were  dolichocephalic.  The 
cephalic  indices  in  the  two  other  skulls  procured  from  tho  district  of  tlio  Jungle 
Weddo,  a  tribe  now  numbering,  in  all  probability,  littlo  over  10()  person?,  were  70 
and  70.  In  three  other  Weddo  skulls,  two  of  which  hud  been  obtained  by 
Lieutenant  Perkins  for  Canon  (ireemvell,  and  tho  third  had  been  presented  by 
Mr.  Sabonnadiere  to  the  Oxford  University  Museum,  the  cephalic  indices  were 
respectively  72, (><S,  and  04.  The  cubic  capacity  in  each  of  tho  two  dolichocephalic 
crania  sent  by  Mr.  Hartshorne  was  H'r^O  cubic  inches  and  80  cubic  inches  re- 
spectively ;  tlie  cubic  capacity  of  the  single  hrachycephalic  specimen  was,  approxi- 
mative^ 00  cubic  inches.  It  was  of  importance  to  note  that  synostosis  could 
have  had  nothing  to  do  with  the  bringing  about  of  th«i  abevrnnces  oi'  the  brachy- 
cephalic  Weddp  cranium ;  for  the  coronal  suture  was  open  whilst  the  sagittal  was 
obliterated,  the  very  condition  which,  it'  tho  shape  of  the  skull  had  ruled  the 
shape  of  tho  brain  instead  of  tho  reverse,  would  na\c  produced  dolichoce-phaly. 
The  presence  of  parietal  occipital  flattening  on  the  left  side  fa  deformity  uninten- 
tionally produced  during  enrly  life  by  the  mode  of  currying  the  infant)  was  also 
noteworthy  as  being  rarely  observed  except  in  bruchvceplwlous  skulls.  With  re- 
ference to  the  large  question  of  the  affinities  of  tho  J)ravidiau  races  of  Continental 


Religious  Cairns  of  the  Himalayan  Region.    By  R.  B.  SHAW. 

All  through  the  Himalayan  region,  the  slopes  of  the  Dhaola  Dhar  inhabited  by 
high-caste  Hindus,  on  tho  ban-en  plains  and  m  the  rocky  valleys  of  Tibet  among 
the  Buddhist  hill-men,  and  in  the  gorges  of  tho  Kucnlun  Mountains  until  they 
debouch  upon  the  plains  of  Turkistan,  there  nre  to  be  found  cairn*  of  a  similar 
description^  and  placed  in  similar  situations.  The  crests  of  passes,  the  summits  of 
isolated  points  of  rock,  or  any  other  place  from  which  a  remarkable  view  is  obtained 
of  a  mighty  peak  or  a  terrific  precipice  are  tho  positions  they  generally  occupy. 
Throughout  the  whole  of  this  region  they  are  adorned  in  a  similar  way,  being  stuck 
over  with  tall  sticks,  from  which  wave  rags  and  flags  and  tails  of  horse  or  ytik,  tho 
votive  offerings  of  passers  by. 

Wh  *   "   '       ' 

to  bo] 
differ c 

pose,  the  importance  of  the  subject  is  evident.  No  one  who  has  observed  carefully 
the  facts  on  the  spot  is  likely  to  doubt  that  the  monuments  in  the  several  districts 
in  question  were  all  erected  with  the  same  intent,  whatever  that  was.  The  posi- 
tion of  most  of  them  forbids  the  supposition  that  they  can  have  been  landmarks 
or  toinbs,  The  labour  bestowed  in  fetching  the  stones,  often  from  along  distance, 
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shows  that  they  had  sonic  serious  purpose.  But  the  author  can  conceive  of  no 
common  purpose  which  can  have  induced  men  of  such  dissimilar  religions  as  the 
Hindu,  the  Buddhist,  and  the  Mussulman  to  erect  similar  monuments. 

One  supposition  suggested  itself,  which  was  that  those  cairns  are  monuments  of 
the  Buddhist  faith,  which  is  the  only  one  known  to  have  ever  prevailed  over  the 
entire  region  of  Tibet  and  Turkistah.  But  there  is  thia  objection,  that  although 
similar  monuments  aro  found  in  the  Buddhist  districts,  yet  they  exist  in  opposition 
to  the  Buddhist  priesthood,  who  will  have  nothing  to  do  with" them,  and  thus  are 
not  likely  to  have  implanted  them  in  other  districts. 

The  author  thinks  that  he  recognized  in  these  cairns  the  remains  of  an  early 
kind  of  worship  (anterior  to  Buddhism)  which  undoubtedly  existed  at  one  time 
throughout  the.so  hills,  nnd  which  perhaps  overspread  tliu  entire  region  between 
India  and  Turkistan.  There  are  traces  of  the  adoration  of  locnl  deities  all  over 
this  region.  In  the  outer  Himalaya  such  sacred  spots  arc1  numerous,  and  occupy 
exactly  similar  positions  with  tho  "Lhato"  of  Tibet  and  the  "Mazars"  of  the 
KiiLMilun^  Mountains,  viz.  eminences  and  remarkable  places.  The  influence  of 
these  dninitieb  is  not  supposed  to  extend  beyond  a  few  hundred  yards  from  their 
local  habitation,  which  is  marked  al*o  by  red  paint,  rusty  iron  tridents,  and  flutter- 
ing rags.  Outside  the  magic  circle  the  worshippers  will  often  mock  at  the  object 
of  their  adoration,  but  within  it  they  are  all  devotion.  Tliusn  supernatural  beings 
are  generally  called  after  "  J)dvi,"  the  Hindu  goddess  of  destruction,  whoseems  to  be 
indefinitely  subdivided  or  multiplied  by  her^vorshippers  in  the  hills,  contrary,  as  the 
author  was  informed,  to  the  orthodox  practice  of  pure  Hinduism.  They  talk  of  this 
I)e"vi  and  that  Devi  as  Italians  do  of  the  Madonna  of  such  or  such  a  place,  honour- 
ing some  more  than  others,  as  Louis  XI,  was  wont  to  do  in  the  iamiliar  pages 
of  Waiter  Scott. 

Besides  the,  Deris  there  are  numerous  other  local  worships  in  the  Hindu  part  of 
the  Himalaya ;  and,  with  a  change  in  the  names,  we  have  just  the  same  in  Tibet  and 
in  Eastern  'f  urkistun.  Moreover  at  the  boundaries*  or  the  neutral  ground  between 
the  three  religions  we  iind  the  very  same  cairns  or  symbols  of  local  influences 
worshipped  in  common  by  the  followers  of  both  the  neighbouring  Faiths,  who 
bestow  each  their  own  designation  on  tho  same  object. 

Thoso  monuments  and  localities  which  the  Hindus  associate  with  the  name  of 
"  l)evi,M  "Indur,"  £c.  are  in  Tibet  called  uLhato*:  (Llttt  meaning  a  god  or  super- 
natural power,  as  in  Uia^sa,  ^liu-h  moans  **  the  abode  of  the  gods  "). 

In  the  Mussulman  districts,  on  the  other  hand,  those  cairns  are  known  by  the 
name  of  u  Mazav,"  which  means  the  shrine  or  tomb  of  a  saint ;  and  such  is  the 
origin  they  ascribe  to  them,  regardless  of  the  improbability  of  so  many  holy  men 
retiring  to  the  tops  of  almo>(  inaccessible  rocks  to  be  buried. 

Several  times  tho  author  found  abandoned  cairns  in  most  desolate  and  unfre- 
ouented  spots.  They  were  not  decked  out,  like  the  others,  with  flags  and  rags  at 
tlio  ends  of  polos,  but  had  a  neglected  look,  and  were  half  covered  with  drifted  sand. 

Tho  author's  wild  guides,  the  kirgling  tribesmen,  refused  to^  recognize  these 
rairn;*  as  "  Muzars,"  though  in  every  ro-mvt  resembling  those  whieh  they  revered 
so  much.  They  told  him  that  these  mounds  had  been  raised  by  a  men  who  frequented 
that  country  long  before,  then  had  migrated  into  it.  In  fact  they  had  no  certain 
tradition  ;  and  they  aro  but  new  coiners  themselves. 

Some  Yarkandis  who  woro  questioned,  stated  that  these  were  "Kafir"  or 
fi  infidel "  monuments,  arid  that  similar  ones  were  to  be  found  throughout  Eastern 
Turkistan  but  not  in  Western. 

Again,  tho  Tibetans  who  accompanied  tho  author  into  Turkistan  immediately 
identified  both  the  honoured  and  also  the  abandoned tk  Ma/ars"  as  their  own  country's 
"  Lhato."  One  in  particular  attracted  their  attention.  It  was  in  a  level  part  of  the 
upper  Karnka«»h  valley,  ami  there  seemed  to  bo  no  reason  for  its  existence  there  ; 
until  at  last  one  of  tliom  spied  out  a  remarkable  peak  in  tho  distance,  which  first 
came  into  sight  at  the  point  where  the  eairn  was  erected.  This  peak  had  a  triple 
point ;  and  this,  the  author  was  informed,  would  in  Tibet  have  been  quite  sufficient 
to  ensure  even  the  most  distant  view  of  such  a  summit  the  honour  of  being  marked 
by  a  Lhato ;  for  3  is  a  mystic  number. 

If  these  mny  all  bo  referred  back  to  a  primitive  religion  consisting  of  the  worship 
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of  mountain-demons  (including  in  the  Himalaya  the  veneration  of  tree-  and  water- 
demons,  other  natural  divinities  of  which  many  traces  remain),  then  the  three 
newer  religions  which  have  since  occupied  this  region,  the  Hindu,  the  Buddhist 
and  the  Mussulman,  have  each  adopted  this  part  of  the  old  belief  and  assimilated 
it  into  its  own  system.  It  is  curious  to  see  their  different  treatment  of  the  same 
belief.  The  Hindu  gives  the  most  supernatural  turn  to  it.  All  these  spots,  how- 
over  numerous  or  distant,  have  become  the  special  habitation  of  one  and  the  same 
divinity  of  the  Hindu  Pantheon,  who  by  the  common  people  is  conceived  as  being 
entirely  separate  and  distinct  deities,  *f  he  Mussulman  gives  a  purely  human  and 
ordinary  explanation :  certain  holy  men  have  died  and  been  buried  there.  The 
Buddhist,  on  the  other  hand,  leaves  the  old  superstition  alone,  giving  it  a  wide  berth. 
The  country  people  pay  their  devotions  to  these  cairn -deities  to  ward  off  their  dis- 
pleasure from  their  fields  and  cattle ;  but  the  Lama  gives  them  no  place  in  his 
books  or  in  his  worship.  His  veneration  is  reserved  for  the  deified  saints  of  Budd- 
hism, following  each  in  his  proper  rank  after  the  great  Sakya-Moonee.  It  is  true 
the  Lamas  sometimes  help  their  superstitious  countrymen  with  charms  against  the 
power  of  these  cairn-deities  and  of  other  evil  spirits,  such  as  the  serpent  demon ; 
but  this  is  probably  illicit  connivance. 

The  fact  is  that  all  over  these  mountains,  under  one  excuse  or  another,  the 
country  people  propitiate  certain  localized  influences,  which  arc  supposed  to  be 
confined  within  certain  limits.  For  instance,  the  inhabitants  of  an  hamlet  are  not 
supposed  to  pay  any  attention  to  the  object  of  their  neighbours' fear  or  veneration, 
unless  they  place  themselves  locally  within  its  power.  The  Mussulman  bcntou  s 
the  least  superstition  on  them,  and  the  Buddhist  gives  thorn  the  smallest  amount  of 
recognition  and  sanction. 

The  author  mentioned  a  ceremony  which  he  witnessed  in  Ladak,  and  which  is 
probably  a  relic  of  the  supposed  ante-Buddhist  worship.  A  certain  female  deity 
or  demon  is  supposed  to  be  revealed  each  year  at  the  village  of  She,  embodied  in 
one  or  other  of  the  members  of  a  certain  family  who  hold  this  heritage.  The  in- 
dividual chosen  by  the  goddess  on  this  occasion  was  dressed  out  in  fantastic  though 
costly  garments  with  a  regal  tiara  on  his  head,  and  when  first  seen  was  dancing;  in 
a  weird  fashion  on  the  lofty  battlements  of  one  of  the  Buddhist  monasteries,  which 
are  often  so  picturesquely  perched  on  the  top  of  a  steep  clifK  On  this  dizzy  emi- 
nence the  goddess  danced  in  human  form,  while  in  a  little  green  plain  below  a  dense 
crowd  watched  every  motion  with  upturned  faces.  At  last  the  mystic  personage 
descended.  Making  his  way  through  the  crowd,  he  approached  a  spring  of  water 
which  bubble's  up  in  the  midst  of  the  little  plain,  converting  half  of  it  into  a  swamp, 
which  can  only  be  crossed  by  a  stone  causeway.  This  causeway  terminates  at  tho 
spring,  and  on  its  extremity  stands  one  of  these  ptone  erections  called  Lhato,  but  of 
a  more  finished  character  than  those  before  described.  On  tho  Lhato  a  di*li  of 
burning  incense  was  placed  ;  and  as  the  inspired  mortal  paced  up  and  down  in  its 
fumes,  many  of  the  crowd  approached  one  by  one  nnd  asked  him  question  s  regard- 
ing futurity,  which  by  tho  power  of  the  goddess  he  was  supposed  capable  of 
answering  correctly. 

Now  in  all  this  there  was  one  noticeable  fact.  Although  in  Tibet  the  Lamas 
usually  form  as  largo  a  part  of  a  crowd  as  monks  and  priests  used  to  do  in  Naples 
and  Koine,  yet  on  this  occasion  not  a  single  Lama  was  visible.  Not  one  could  bo 
found  to  sanction  by  his  presence  the  worship  of  this  local  deity. 

The  author  has  witnessed  almost  similar  devil-dances  amongst  the  Hindu  hill- 
men  of  the  outer  Himalaya.  There,  however,  more  than  one  person  takes  part  in 
the  ceremony,  which  is  generally  performed  before  the  rude-  shrine  of  one  of  those 
local  deities  or  of  the  snake  god  the  Nag.  A  sudden  Bacchic  fury  eeenis  to  seize 
individual  members  of  the  crowd,  who  rush  forward,  trembling  in  every  limb,  and 
with  glaring  eyes,  and  baring  the  upper  part  of  their  body  as  they  go,  they  dance 
round,  lashing  their  backs  with  a  sort  of  iron  cat-o'-mne  tails,  which  is  handecl  round 
from  one  to  the  other.  In  this  state  they  are  consulted  by  the  standers  by,  who 
receive  their  words  as  oracles.  Sometimes  ten  or  a  dozen  of  these  devotees  arc 
hopping  around  the  circle  at  the  same  moment.  Their  excitement  is  undoubt- 
edly accompanied  wilh  something  resembling  an  hysterical  affection,  which 
leaves  them  faint  and  exhausted.  When  they  reach  this  stage,  their  friends  stand 
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by  to  receive  them  while  they  take  a  short  run  and  jump  into  their  arms  j  for  it 
seems  the  spirit  cannot  leave  them  while  their  feet  are  on  the  ground. 

The  author  has  known  one  of  these  devotees  writhe  and  roll  himself  along  the 
ground  to  imitate  the  motion  of  a  snake,  that  being  the  divinity  in  whose  honour 
he  was  performing. 

O/i  Bubbings  from  St.  Patrick's  Chair,  Co.  Mayo,  Ireland. 
By  II.  B.  SYHES,  F.Q.S. 


On  the  Relation  of  the  P<tri*7i  Boundaries  hi  the  South-east  of  England  to 

f/reat  Physical  Features,  particularly  A>  the  Chalk  Escarpment.     By  W. 

TOPLEY,  F.G.8.,  Geological  Survey  of  England  and  Wales. 

The  author  first  drew  attention  to  the  fact  that  the  outeroppings  of  various 
strata  are  marked  by  the  occurrence  thereon  of  numerous  \illages,  whilst  some 
neighbouring  formations  have  none,  (rood  water,  a  soil  lit  for  arable  culture,  and 
a  dry  .site  were  usually  found  in  these  situations.  The  chalk  area  of  England  was 
described,  and  it  was  shown  that  everywhere  along  the  foot  of  the  "chalk  escarp- 
ment "a  lino  of  villages  occurred.  The  parishes  belonging  to  these  villages  m 
nearly  every  ease  ascend  tho  escarpment,  inking  in  more  or  less  of  the  plateau 
above;  it  is  very  rare,  indeed,  to  find  a  ullage 'on  iho  chalk  plateau  sending  its 
parish  down  the  escarpment. 

The  author  then  described  in  greater  detail  the  physical  geography  of  the  Wealden 
area,  and  the  arrangement  of  the  villages  and  their  parishes  along  its  border.  Every- 
where below  the  chalk  escarpment  there  is  a  line  of  ullages,  the  parishes  of  which 
ascend  the  escarpment,  whilst  the  A  illages  above  or  on  the  chalk  rarely  send  their 
parishes  down  the  escarpment.  Of  the  parishes  around  the  Wealden*  border,  110 
conform  to  th«  rule  laid  down,  whilst  the  exceptions  number  only  six. 

The  Lower  Greenland  forms  a  second  and  inner  plateau  and  escarpment  around  the 
Weald.  Along?  this  formation  there  are  numerous  A  illages ;  but  it  is  remarkable 
that  the  behaviour  of  their  parishes  to  the  Lower- Greenland  escarpment  is  just  the 
reverse  of  that  obsencd  with  the  chalk;  for  here  the  parishes  of  villages  upon  the 
plateau  go  down  the  escarpment,  and  comparatively  few  of  the  villages  on  the  Hat 
below  (or  the  Weald  Clay)  send  their  parishes  up  the  escarpment.  These  and 
other  points  discussed  were  illustrated  by  sections  and  large  maps,  in  which  each 
parish  was  separately  coloured. 

The  author  contended  that  in  the  facts  here  described  we  have  evidence  of  the 
order  in  which  the  country  \va<*  settled.  Much  of  the  chalk  area  must  always 
have  been,  as  now,  open  land;  o\er  thi*  area  we  find  numerous  Celtic  remains. 
The  first  settlement  would  take  place  along  the  foot  of  the  chalk  escarpment;  arid 
in  the  division  of  land  resulting  from  these,  some  area  of  down- land  would  bo 
taken  in  in  one,  direction,  and  wood-land  or  pobtmc  in  the  other  direction.  There 
would  thus  be  a  line  of  settlements  with  their  appropriated  lauds  all  along  the  foot 
of  the  chalk  escarpments.  Later  settlements  took  place  along  the  Lower- Green- 
sand  urea ;  these  would  iind  the  land  all  occupied  in  one  direction,  towards  the 
chalk,  but  in  the  other  direction,  or  towards  tho  great  Wealden  forest,  the  land 
was  all  unappropriated.  In  this  direction,  down  the  escarpment,  they  therefore  ex- 
tended, The  evidences  of  these  later  settlements  may  be  found  in  local  names. 

The  date  of  our  parishes  is  for  the  most  part  unknown.  The  boundaries  of  those 
wholly  within  the  Weald  were  not  settled  till  tho  century  after  the  Conquest; 
these  were  the  latest  formed.  The  earliest,  or  those  along  the  chalk  escarpment, 
would  appear  from  their  names  to  be  chiefly  English. 

The  author  concluded  his  paper  as  follows  : — '•  In  speaking  as  I  have  done  of  tho 
probablo  relative  date  of  tho  various  settlements  and  their  parishes,  1  of  course  do 
not  mean  that  our  parishes  date  so  far  back.  The  date  at  which  most  of  our 
parishes  were  formed,  and  even  whether  they  wore  originally  civil  or  ecclesiastical 
divisions,  is  all  involved  in  doubt ;  and  I  do  not  pretend  tliat  this  investigation 
throws  much  light  directly  upon  the  subject.  Still,  [  think,  it  does  give  a  little. 
If  parishes  were  ever  formally  planned  out,  it  steins  in  the  highest  degree  unlikely 
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that  sucli  striking  agreement  with  the  physical  features  as  I  have  shown  to  exist 
should  occur,  Probably  such  features  would  be  altogether  ignored  j  or  if  taken 
into  consideration  would  be  seized  upon  as  boundaries.  One  could  scarcely  desire 
a  more  striking  physical  feature  for  a  boundary  than  the  chalk  escarpment ;  but  wo 
have  seen  that  it  is  only  in  rare  cases  that  this  forms  the  boundary  of  a  parish ; 
generally  it  is  well  ,withiu  the  parish,  which  stretches  up  and  often  far  beyond  it. 
The  boundaries  cross  the  escarpment,  in  nine  cases  out  of  ten  at  right  angles  to  it. 
So  again  with  the  Lowcr-Grecnsand  escarpment ;  although  in  its  relation  to  the 
parishes  it  acts  exactly  the  reverse  of  the  chalk  escarpment,  vet  they  agree  iu 
rarely  forming  parish  boundaries.  To  this  it  may  be  answered  that,  whatever  the 
origin  of  parishes,  whether  civil  or  ecclesiastical,  whether  by  grouping  or  sub- 
dividing divisions  of  land  previously  existing,  regard  would  necessarily  be  had  to 
the  shape  and  extent  of  those  divisions.  This,  I  think,  must  have  been  the  case  ; 
and  considerations  advanced  in  this  paper  lead  us  to  infer  that  whatever  may  have 
been  the  origin  of  manors  or  parishes  as  such,  they  both  depend  upon  still  older 
divisions  of  the  land,  and  that  these  were  not  formed  by  the  arbitrary  act  of  church 
or  king,  but  resulted  necessarily  from  the  great  physical  features  of  the  country." 


The  Origin  of  Serpent-Worship.    B\j  C.  STANILA.ND  WAKE,  M.AJ. 

After  referring  to  various  facts  showing  the  existence  of  serpent- worship  in 
many  different  parts  of  the  world,  the  paper  proceeded  to  consider  the  several  ideas 
associated  with  the  serpent  among  ancient  and  modern  peoples.  One  of  its  chief 
characteristics  was  its  power  over  the  wind  and  rain  ;  another  was  its  connexion 
with  health  and  good  fortune,  in  which  character  it  was  the  Agalhodamiou.  The  ser- 
pent was  also  the  symbol  of  life  or  immortality,  as  well  as  of  wisdom.  It  was  then 
shown  that  that  animal  was  viewed  by  many  uncultured  peoples  as  tho  re-embodi- 
ment of  a  deceased  ancestor,  and  that  descent  was  actually  traced  by  the  Mexicans 
and  various  other  peoples  from  a  serpent.  The  serpent  superstition  thus  becomes  a 
phase  of  ancestor-worship,  the  superior  wisdom  and  power  ascribed  to  the  denizens 
of  the  invisible  world  being  assigned  also  to  their  animal  representatives.  When 
the  simple  idea  of  a  spirit  ancestor  was  transformed  into  that  of  the  Great  Spirit,  the 
father  of  the  race,  the  attributes  of  the  serpent  would  be  enlarged,  and  it  would  bo 
thought  to  have  power  over  the  rain  and  the  hurricane.  Jteing  thus  transformed  to 
the  atmosphere,  the  serpent  would  come  to  be  associated  with  nature,  or  solar- wor- 
ship. Hence  we  find  that  the  sun  was  not  only  a  serpent  god,  but  also  the  divine 
ancestor  or  benefactor  of  mankind.  Seth,  the  traditional  divine  ancestor  of  the 
Semites,  was  the  serpent  sun-god,  the  Agathodimnon ;  and  various  facts  were  cited 
to  establish  that  the  legendary  ancestor  of  the  people,  classed  together  as  Adamites 
was  thought  to  possess  the  same  character.  It  would  appear  to  follow  from  the 
facts  mentioned  in  the  paper  that  serpent-worship,  as  a  developed  religious  system, 
originated  in  Central  Asia,  the  home  of  the  great  Scythic  stock,  from  which  tho 
civilized  races  of  the  historical  period  sprung,  and  that  the  descendants  of  tho 
legendary  founder  of  that  stock,  the  Adamites,  were  in  a  special  sense  serpent- 
worshippers.  

The  Rev.  H.  H,  Wi  WOOD,  M.A.,  F.G.S.,  exhibited  some  Flint  Implements  from 
South  Africa. 


GEOGEAPHY. 

Address  "by  FRANCIS  Q  ALTON,  F.R.S.,  President  of  the  Section. 

THE  functions  of  the  several  Sections  of  tho  British  Association  differ  from 
those  of  other  Institutions  which  pursue  corresponding  brandies  of  science.  We 
who  compose  this  Section  are  not  simply  a  Geographical  Society,  meeting  in  a 
hospitable  and  important  provincial  town,  but  we  have  a  distinct  individuality  of 
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our  own.  We  have  purposes  to  fulfil,  which  are  not  easily  to  be  fulfilled  elsewhere ; 
and,  on  the  other  hand,  there  are  many  functions  performed  by  Geographical 
Societies  which  we  could  not  attempt  without  certain  failure.  Our  peculiarities 
lie  in  the  brief  duration  of  our  existence,  combined  with  extraordinary  opportunities 
for  ventilating  new  ideas  and  plans,  and  of  promoting  the  success  of  those  that 
deserve  to  succeed.  We  are  constituents  of  a  great  scientific  organization,  which 
enables  us  to  secure  the  attention  of  representatives  of  all  branches  of  science  to 
any  projects  in  which  we  are  engaged ;  and  if  those  projects  have  enough  merit  to 
earn  their  deliberate  approval,  they  are  sure  of  the  hearty  and  powerful  support  of 
the  whole  British  Association. 

These  considerations  indicate  the  class  of  subjects  to  which  our  brief  existence 
may  bo  devoted  with  most  profit.  They  are  such  as  may  load  to  a  definite  proposal 
being  made  by  the  Committee  uf  our  Suction  for  the  aid  of  the  Association  generally ; 
and  there  art)  others,  of  high  popular  interest,  which  cannot  be  thoroughly  discussed 
except  by  a  mixed  assemblage,  which  includes  persons  who  are  keen  critics  though 
not  pure  geographers,  and  who  have  sonic  wholoome  irreverence  for  what  Lord 
liacnn  would  have  called  "  the  idols  of  the  geographical  den." 

We  may  congratulate  ourselves  that  many  excellent  memoirs  will  be  submitted 
to  ns,  which  fulfil  one  or  other  of  these  conditions.    They  will  conie  before  us  in 
due  order,  and  it  is  needless  that  I  should  occupy  your  attention  by  imperfect 
anticipations  of  them.    ]Jut  J  must  say  that  their  variety  tc.-'tilies  to  the  abundance 
of  the  objects  of  geographical  pursuit",  other  than  expLuMtion.     There  is  no  reason 
to  fear  that  the  most  interesting  occupation  of  geographers  will  bo  gone  when  the 
main  features  of  all  the  world  are  known :  on  the  contrary,  it  is  to  be  desired,  iu 
the  interests  of  the  living  pursuit  of  our  science,  that  tho  primary  facts  should  be 
well  ascertained,  in  order  that  geographers  may  have  adequate  materials, and  more 
leisure  to  devote  themselves  to  principles  and  relations.    I  look  forward  with 
eagerness  to  the  growth  of  Geography  as  a  science,  in  the  usually  accepted  sense  of 
that  word ;  1'ur  its  problems  are  «ns  numerous,  as  interesting,  and  as  intricate  as 
those  of  any  other.    The  configuration  of  every  land,  its  soil,  its  vegetable  covering, 
its  rivers,  its  climate,  its  animal  and  human"  inhabitants  act  and  react  upon  one, 
another.     It  is  the  highest  problem  of  Geography  to  analyze  their  correlations,  and 
to  sift  the  casual  from  the  essential.     The  more  accurately  the  crude  facts  aro 
known,  the  more  surely  will  induction  proceed,  the  further  will  it  go,  and,  as?  the 
antilogy  of  other  bciences  assures  us,  the  interest  of  its  results  will  in  no  way 
diminish. 

As  a  comparatively  pimple  instance  of  this,  I  would  mention  the  mutual  effects 
of  climate  and  vegetation,  on  which  we  tire  at  present  very  imperfectly  informed, 
though  I  hope  we  shall  learn  much  that  is  new  and  valuable  during  this  Meeting. 
Certain  general  facts  are  familiar  to  us — namely,  that  rain  falling  upon  a  barren 
country  drains  away  immediately.  It  ravages  the  hill-slopes,  rushes  in  torrents 
over  tho  plains,  and  rapidly  finds  its  way  to  the  sea,  either  bv  rivers  or  by  subter- 
ranean watercourses,  lea\  in«r  the  land  unrefreshed  and  unproductive.  On  the  other 
hand,  if  a  mantle  of  forest  oe  nursed  into  existence,  the  elfects  of  each  rainfall  aro 
for  less  sudden  and  transient.  The  water  has  to  soak  through  much  vegetation 
and  humus  before  it  is  free  to  run  over  tho  surface ;  and  when  it  does  so,  the 
rapidity  of  its  course  is  checked  by  the  stems  of  the  vegetation:  consequently 
the  rain-supplies  aro  held  back  and  stored  by  the  action  of  the  forest,  and  the 
climate  among  tho  trees  becomes  more  equable  and  humid.  We  also  are  familiar 
with  the  large  differences  between  the  bent-radiating  power  of  the  forest  and  of 
the  desert,  also  between  tho  amount  of  their  evaporation  ;  but  we  have  no  accurate 
knowledge  of  any  of  these  data.  Still  less  do  we  know  about  the  influences  of 
forest  and  desert  on  the  rate  of  passage,  or  upon  tho  horizontality,  of  the  water- 
laden  winds  from  the  sea  over  the  surface  of  tho  land ;  indeed  I  am  not  awaro 
that  this  subject  has  ever  been  considered,  although  it  is  an  essential  element  in 
our  problem.'  If  we  were  thoroughly  well  informed  on  the  matters  about  which  I 
have  been  speaking,  we  might  attempt  to  calculate  the  precise  difference  of  climate 
under  such  and  such  conditions  of  desert  and  of  forest,  and  the  class  of  experiences 
whence  our  data  were  derived  would  themselves  furnish  tests  of  the  correctness  of 
our  computations.  This  will  sene  as  an  example  of  what  I  consider  to  be  the 
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geographical  problems  of  the  future ;  it  is  also  an  instance  of  the  power  of  man 
over  the  phenomena  of  nature.  He  is  not  always  a  mere  looker-on  and  a  passive 
recipient  of  her  favours  and  slights  j  but  he  lias  power,  in  some  degree,  to  control 
her  processes,  even  when  they  are  working  on  the  largest  scale.  The  effects  of 
human  agency  on  the  aspect  of  the  earth  would  be  noticeable  to  an  observer  far 
removed  from  it.  Even  were  he  as  distant  as  the  moon  is,  he  could  see  them ;  for 
the  colour  of  the  surface  of  the  land  would  have  greatly  varied  during  historic 
times,  and  in  some  places  the  quantity  and  the  drift  of  cloud  would  have  percep- 
tibly changed.  It  is  no  trifling  fact  in  the  physical  geography  of  the  globe  that 
vast  regions  to  the  east  of  the  Mediterranean,  and  broad  tracts  to  the  south  of  it, 
should  have  been  changed  from  a  state  of  verdure  to  one  of  aridity,  and  that 
immense  European  forests  should  have  been  felled. 

We  are  beginning  to  look  on  our  heritage  of  the  earth  much  as  a  youth  might 
look  upon  a  large  ancestral  possession,  long  allowed  to  run  waste,  visited  recently 
by  him  for  the  first  time,  whose  boundaries  ho  was  learning,  and  whose  capabilities 
he  was  beginning  to  appreciate.  There  are  tracts  in  Africa,  Australia,  and  at  the 
Poles  not  yet  accessible  to  geographeis,  and  wonders  may  bo  contained  in  them  ; 
but  the  region  of  the  absolutely  unknown  is  narrowing,  and  the  career  of  the 
explorer,  though  still  brilliant,  is  inevitably  coming  to  an  end.  The  geographical 
work  of  the  future  is  to  obtain  a  truer  knowledge  of  the  world  :  I  do  not  mean  by 
accumulating  masses  of  petty  details,  which  subserve  no  common  end,  but  by  just 
and  clear  generalizations.  We  want  to  know  all  that  constitutes  the  individuality, 
so  to  speak,  of  every  geographical  district,  and  to  define  and  illustrate  it  in  a  way 
easily  to  be  understood ;  and  we  have  to  use  that  knowledge  to  show  how  the 
efforts  of  our  human  race  may  best  conform  to  the  geographical  conditions  of  the 
stage  on  which  we  live  and  labour. 

I  trust  it  will  not  be  thought  unprofitable,  on  an  occasion  like  this,  to  have 
paused  for  a  while,  looking  earnestly  towards  the  future  of  our  science,  in  order  to 
refresh  our  eyes  with  a  sight  of  the  distant  land  to  which  we  are  bound,  and  to 
satisfy  ourselves  that  our  present  efforts  lead  in  a  right  direction. 

The  work  immediately  before  us  is  full  of  details,  and  now  claims  your  attention. 
There  is  much  to  be  done  and  discussed  in  this  room,  and  I  am  chary  of  wasting 
time  by  an  address  on  general  topics.  It  will  be  more  profitable  that  I  should  lay 
before  you  two  projects  of  my  own  about  certain  maps,  which  it  is  desirable 
that  others  than  pure  geographers  should  consider,  and  on  which  I  shall  hope  to 
hear  the  opinions  of  my  colleagues  in  the  (Committee-room  of  this  Section. 

They  both  refer  to  the  Ordnance  Maps  of  this  country,  and  the  first  of  them  to 
the  complete  series,  well  known  to  geographers,  that  arc;*  published  on  the  scale  of 
one  inch  to  a  inile.  It  is  on  these  alone  that  1  am  about  to  speak  ;  for  though 
many  of  my  remarks  will  be  applicable  more  or  less  to  the  other  Government  m»p 
publications,  I  think  it  better  not  to  allude  to  them  in  direct  tcims,  to  avoid  at- 
tracting attention  by  qualifications  and  exceptions. 

English  geographers  aro  justly  proud  of  these  Ordnance  Maps  of  their  country, 
whose  accuracy  and  hill-shading  are  unsurpassed  elsewhere,  though  the  maps  do 
not  fulfil,  in  all  particulars,  our  legitimate  desires,  I  shall  not  speak  here  of  the, 
absence  from  the  coast-maps  of  the  sea  data,  such  as  the  depth  and  character  of  the 
bed  of  the  sea,  its  currents  and  its  tides  (although  these  are  determined  and  pub- 
lished by  another  Department  of  the  Government,  namely  the  Admiralty),  neither 
shall  I  speak  of  the  want  of  a  more  frequent  revision  of  the  sheets,  but  shall  confine 
myself  to  what  appear  to  be  serious,  though  easily  remediable,  defects  in  the  foim 
and  manner  of  their  publication.  It  is  much  to  be  regretted  that  theee  beautiful 
and  cheap  maps  are  not  more  accessible.  They  are  rarely  to  be  found  even  in  the 
principal  booksellers'  shops  of  important  country  towns,  and  I  have  never  obscmd 
one  on  the  bookstall  of  a  railway-station.  Many  educated  persons  seldom,  if  ever, 
see  them ;  they  are  almost  unknown  to  the  middle  and  lower  classes  ;  and  thus  an 
important  work,  made  at  the  expense  of  the  public,  is  practically  unavailable  to  a 
large  majority  of  those  interested  in  it,  who,  when  they  want  a  local  map,  are  dm  MI 
to  use  a  common  and  inferior  one  out  of  those  which  have  the,  command  of  the 
market.  I  am  bound  to  add  that  this  evil  is  not  peculiar  to  our  country,  but  is 
felt  almost  as  strongly  abroad,  especially  in  respect  to  the  Government  maps  of 
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Franco.  I  account  for  it  by  two  principal  reasons.  The  iirat  is,  that  the  maps  are 
always  printed  on  still'  paper,  which  makes  them  cumbrous  and  unfit  for  immediate 
use:  it  requires  large  portfolios  or  drawers  to  keep  them  smooth,  clean,and  in  separate 
seta,  and  an  unusually  large  table  to  lay  them  out  side  by  side,  to  examine  them 
comfortably  and  to  select  what  Ls  wanted.  These  conditions  do  not  exist  on  the 
crowded  counter  of  an  ordinary  bookseller's  shop,  where  it  is  impossible  to  handle 
them  without  risk  of  injury,  and  without  the  certainty  of  incommoding  other 
customers.  Moreover,  their  stillness  and  size,  even  when  published  in  quarter 
sheets,  make  them  most  inconvenient  to  the  purchaser.  Either  he  has  to  send 
them  to  be  mounted  in  a  substantial  and  therefore  costly  manner,  or  he  must  carry 
a  roll  home  with  him,  and  cut  oil*  the  broad  ornamental  borders  and  divide  the 
sheet  into  compartments  suitable  for  the  pocket,  which,  to  say  the  least,  is  a 
troublesome  operation  to  perform  with  neatness.  The  other  of  the  two  reasons  why 
the  maps  art'  rurely  offered  for  sale  is  that  the  agents  for  their  publication  are  them- 
selves map-makers,  and  therefore  competitors,  and  it  is  not  to  be  expected  of  human 
nature  that  they  should  push  the  sale  of  maps  adversely,  in  however  small  a  degree, 
to  their  own  interests. 

Thu  remedy  I  shall  propose  for  the  consideration  of  the  Committee  of  this  Section 
rS  to  memorialize  Government  to  eauso  an  issue  of  thu  maps  to  be  made  in  quarter 
sheets  on  thin  paper,  and  to  be  sold  folded  into  a  pocket  sue,  like  the  county  maps 
seen  at  ever}*  railway-station,  each  having  a  portion  of  an  index-map  impressed  on 
its  outside,  to  show  its  contents  and  those  of  the  neighbouring  sheets,  as  well  as 
their  distinguishing  numbers.  Aho  1  would  ask  that  they  should  be  sold  at  every 
tl  Head  Post-olliee  "  in  the  United  Kingdom.  There  are  about  seven  hundred  of 
these  offices,  and  each  might  keep  nine  adjacent  quarter  sheets  in  stock,  the  one  in 
which  it  was  >ituateil  being  the  centre  of  the  nine.  An  index-map  ot  the  whole 
survey  might  be  procurable  at  each  of,  these  post-ofiiees,  and,  by  prepayment,  any 
may  not  kept  in  stock  might  be  ordered  at  any  one  of  them,  and  received  in  the 
ordinary  course  of  the  post.  This  is  no  large  undertaking  that  I  have  proposed. 
The  price  of  a  quarter  sheet  in  its  present  form,  which  is.  more  costly  than  what  I 
ask  ior,  used  to  be  sold  for  only  sixpence  j  therefore  the  single  complete  set  of  nine 
sheets  for  each  oilice  has  a  value  of  not  more  than  four  shillings  and  sixpence, 
and  for  all  the  seven  hundred  Head  Post-olHces  of  not  more  than  £160. 

1  believe  that  these  simple  reforms  would  be  an  immense  public  boon,  by  enabling1 
any  one  to  buy  .1  beautiful  and  accurate  pocket-map  of  the  district  in  which  ho 
resides  for  only  sixpence,  and  without  any  trouble.  They  would  certainly  increase 
the  sale  of  Government  maps  to  a  »roat  extent ;  they  would  cause  the  sympathies 
of  the  people  and  of  their  representatives  in  Parliament  to  be  enlisted  on  tne  side 
of  the  (Survey,  and  thev  would  probably  bo  imitated  by  continental  nations. 

It  has  often  been  objected  to  any  attempt  to  increase  the  sale  of  Government 
maps,  that  the  State  ought  not  to  interfere  with  private  enterprise.  I  confess  myself 
unable  to  see  the  applicability  of  that  saying.  It  would  bo  an  argument  against 
making  Ordnance  Maps  at  nlf :  but  the  nation  has  deliberately  chosen  to  undertake 
that  work,  on  the  ground  that  no  prhate  enterprise  could  accomplish  it  satisfac- 
torily ;  and,  having  done  so,  1  cannot  understand  why  it  should  restrict  the  sale  of 
its  own  work,  in  order  to  give  a  Jietitkms  protection  to  certain  individuals,  against 
the  interests  of  the  public.  It  seems  to  me  to  bo  a  backward  step  in  political 
economy,  and  one  that  has  resulted  in  our  getting,  not  the  beautiful  maps  for  which 
we,  as  taxpayers,  have  paid,  but  copies  or  reductions  of  them,  not  cheaper  than  the 
original,  and  of  very  inferior  workmanship  and  accuracy. 

So  much  for  the  first  of  the  two  projects  which  I  propose  to  bring  before  the  con- 
sideration of  the  Committee  of  this  Section.  It  is  convenient  that  I  should  preface 
mv  second  one  ^ith  a  few  remarks  on  colour-printing,  its  bearing  on  the  so-called 
"  bird's-eye  views,"  and  its  recent  application  to  cartography.  Colour-printing  is 
an  art  which  has  made  great  advances  in  recent  yeais,  a*s  may  be  seen  by  the 
specimens  struck  oil1  in  the  presence  of  visitors  to  the  present  International  Exhi- 
bition. One  of  these  receives  no  less  than  twenty-four  consecutive  impressions, 
each  of  a  different  colour  from  a  different  stone'.  This  facility  of  multiplying 
coloured  drawings  will  probably  lead  to  a  closer  union  than  heretofore  between 
geography  and  art,  There  is  no  reason  now  why  "  bird's-eye  views  "  of  large  tracts 
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of  country  should  not  be  delicately  drawn,  accurately  coloured,  and  cheaply  pro- 
duced. We  all  know  what  a  geographical  revelation  is  contained  in  a  clear  view 
from  a  mountain  top,  and  we  also  know  that  there  was  an  immense  demand  for  the 
curiously  coarse  bird's-eye  views  which  wero  published  during  recent  wars,  because, 
even  such  as  they,  are  capable  of  furnishing  a  more  pictorial  idea  of  the  geography 
of  a  country  than  any  map.  It  is  therefore  to  be  hoped  that  the  art  of  designing 
the  so-called  "  bird's-eye  views"  may  become  studied,  and  that  real  artists  should 
engage  in  it.  Such  views  of  the  environs  of  London  would  form  very  interesting 
and,  it  might  be,  very  artistic  pictures. 

The  advance  of  colour-printing  has  already  influenced  cartography  in  foreign 
countries  ;  and  it  is  right  that  it  should  do  so,  for  a  black  and  while  map  is  but  a 
symbol — it  can  never  be  a  representation  of  the  many-coloured  aspects  of  Nature. 
The  Governments  of  Belgium,  Russia,  Austria,  and  many  other  countries  have 
already  issued  coloured  maps;  but  none  have  made  further  advance  than  the 
Dutch,  whose  maps  of  Java  are  printed  with  apparently  more  than  ten  different 
colours,  and  succeed  in  giving  a  vivid  idea  ot  the  state  of  cultivation  in  that 
country. 

I  now  beg  to  direct  your  attention  to  the  following  point.  It  is  found  that  the 
practice  of  printing  maps  in  more  than  one  colour  has  an  incidental  advantage  of  a 
most  welcome  kind,  namely,  that  it  admits  of  an  easy  revision,  even  of  the  most 
beautifully  executed  mapn,  for  the  following  reason.  rFhe  hill- work,  in  which  the 
delicacy  of  execution  lies,  is  drawn  on  a  separate  plate,  having  perhaps  been  photo- 
graphically reduced ;  this  has  never  to  be  touched,  because  the  hills  are  permanent. 
It  is  on  another  plate,  which  contains  nothing  else  but  the  road-work,  where  the 
corrections  have  to  be  made  ;  and  to  do  that  is  a  very  simple  matter.  I  understand  that 
the  Ordnance  Survey  Office  has  favourably  considered  the  propriety  of  printing  at 
some  future  time  an  edition  of  the  one-inch  maps  on  this  principle,  and  at  least  in 
two  colours — the  one  for  the  hills  and  the  other  for  the  roads. 

This  being  stated,  I  will  now  proceed  to  mention  mv  second  proposal. 

Recollecting  what  I  have  urged  about  the  feasibility  of  largely  increasing  the 
accessibility  and  the  sale  of  Government  maps,  by  publishing  them  in  a  pocket  form 
and  selling  them  at  the  Head  Post-ollices,  it  seems  to  me  a  reasonable  question  for 
the  Committee  of  this  Section  to  consider  whether  Government  might  not  be 
memorialized  to  consider  the  propriety  of  undertaking  a  reduced  Ordnance  Map  of 
the  country,  to  servo  as  an  accurate  route-map  and  to  fulfil  the  demand  to  which 
the  coarse  county  maps,  which  are  so  largely  sold,  are  a  sufficient  testimony.  The 
scale  of  the  reduced  Government  Map  of  France  corresponds  to  what  I  have  in 
view;  it  is  one  of  5  miles  to  an  inch,  within  a  trifle  (^-r^V^-  of  Nature),  which  is 
just  large  enough  to  show  every  lane  and  footpath.  Of  course  it  would  be  a  some- 
what costly  undertaking  to  make  such  a  map,  but  much  less  so  than  it  might,  at 
first  sight,  appear.  Its  area  would  be  only  one  twenty-fifth  that  of  the  ordinary 
Ordnance  Map,  and  the  hill-work  of  the  latter  might  perhaps  be  photographically 
reduced  and  rendered  available  at  once.  The  desirability  of  maps  such  as  these, 
accurately  executed  and  periodically  revised,  is  undoubted;  while  it  seems  impossible 
that  private  enterprise  should  supply  them  except  at  a  prohibitive  cost,  (because 
private  publishers  are  necessarily  saddled  with  the  co,«t  of  re-obtaining  much  of 
what  the  Ordnance  Survey  Office  has  already  in  hand  for  existing  purposes.  A 
Government  Department  has  unrivalled  facilities  for  obtaining  a  knowledge  of  every 
alteration  in  roads,  paths,  and  boundaries  of  commons,  and  Government  also 
possesses  an  organized  system  in  the  post-offices  fitted  to  undertake  their  sale. 
The  production  of  an  accurate  route-map  seems  a  natural  corollary  to  that  of  the 
larger  Ordnance  Maps,  and  has  been  considered  to  be  so  by  many  Continental 
Governments. 

1  therefore  intend  to  propose  to  the  Committee  of  this  Section  to  consider  the 
propriety  of  memorializing  Government  to  cause  inquiries  to  be  made  as  to  the  cost 
of  construction,  and  the  probability  of  a  remunerative  sale,  of  maps  such  aa  those  I 
have  described ;  and,  if  the  results  are  satisfactory,  to  undertake  the  construction 
of  a  reduced  Ordnance  Map,  on  the  same  scale  as  that  of  France,  to  be  printed  in 
colours  and  frequently  revised. 

These,  then,  are  the  two  projects  to  which  I  alluded — the  one  to  secure  the  sale 
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of  one-inch  Ordnance  Maps,  on  paper  folded  into  a  pocket  form,  to  be  sold  at  the 
Head  Post-offices  of  the  United  Kingdom,  700  or  thereabouts  in  number,  each  office 
keeping  in  stock  the  maps  of  the  district  in  which  it  is  situated  ;  and  the  other  to 
obtain  a  reduced  Ordnance  Map  of  the  kingdom,  onlhe  scale  of  about  5  miles  to  an 
inch,  to  fulfil  all  the  purposes  of  a  road-map,  and  to  be  sold  throughout  the  country  at 
the  post-offices,  in  the  way  I  have  just  described. 

I  will  now  conclude  my  address,  having  sufficiently  taxed,  your  patience,  and  beg 
you  to  join  with  me  in  welcoming,  with  your  best  attention,  the  eminent  Geogra- 
phers whoso  communications  are  about  to  be  submitted  to  your  notice. 


The  Euphrates-Valley  Route  to  India.    By  "W.  P.  ANDREW. 

In  the  opening  portion  of  his  paper  tho  author  dilated  upon  the  many  noble 
objects  which  the  proposed  railway  to  India,  rid  the  Euphrates  Valley,  would 
subserve.    It  would  inevitably  entail  the  colonization  and  civilization  of  the  great 
valleys  of  tho  Euphrates  and  Tigris,  restore  the  old  and  renowned  productiveness 
of  Mesopotamia,  and  resuscitate  in  modern  shape  Buby Ion,  Nineveh,  and  Ctesiphon. 
lie  argued  that  no  direct  routo  to  ludia,  amongst  the  many  which  had  been  pro- 
posed, combined  so  many  ad\  antages  as  the  ancient  route  uf  the  Euphrates,     It  is 
the  shortest  and  the  cheapest,  both  for  constructing  and  working  a  railway, — so 
free  from  engineering  difficulties,  that  it  appears  as  though  designed  by  nature 
for  the  highway  of  nations  between  the  East  and  the  West;  it  i*  the  most  surely 
defensible  by  England,  both  its  termini  being  on  the  open  sea,  and  the  most  likely 
to  prove  remunerati\  e.     The  other  routes  proposed,  such  ns  those  from  places  on  the 
Black  Sea,  were  open  to  the  fatal  objection  that  while  they  would  be  of  the 
greatest  service  to  liussia,they  would  be  beyond  the  control  of  Great  .Britain  ;  they 
were  besides  excluded  from  practical  consideration  by  the,  engineering  difficulties 
they  involved.     These  conclusions  had  been  demonstrated  by  many  eminent  wit- 
nesses examined  before  the  recent  Select  Committee  of  the*  House  of  Commons. 
The  author  admitted  the  value  of  n  continuous  line  from  Constantinople  to  India,  but 
believed  it  to  be  too  vast  a  project  to  be  at  present  undertaken.     The  moderate 
scheme,  which  he  advocated  was  a  line  UOO  miles  in  length,  from  the  Gulf  of  Scan- 
deroon,  via  the  ri</]it  bank  of  the  Euphrates,  to  Kowait,  in  the  north-western  corner 
of  the  Persian  Gulf.     Should  it  he  found  desirable  hereafter  to  construct  a  through 
lino  to  India,  this  portion  would  foim  a  ready-made  and  considerable  section  of  it. 
It  was  precisely  that  portion  of  the  route  between  Constantinople  and  India  from 
which  the  greatest  benefit  would  be  derived  by  the  sul  stitution  of  railway  for  sea 
transit,  whether  regard  be  had  to  the  rate  of  speed  or  the  economy  with  \\liich  the 
traffic  might  be  worked.     Both  the  proposed  teimini  possess  nil  the  requisites  of 
first-class  harbours ;  and  the  line,  on  lea\  ing  AleMindn  ttn,  would  run  to  Aleppo,  and 
ulong  the  Euphrates,  by  way  of  Annnh,  Hit,  Korbela,  Ntdjpf,  Somowha,  and  Sheikh 
ol  Shuyukh,  to  Kowait.     rfhe  Euphiates^ould  not  be  crossed,  and  the  line  would 
have  tho  strategic  iuhantage  of  two  gient  mers  bfing  interposed  bet  ween  it  and 
nn  advancing  enemy  on  the  Hank  on  which  there  would  be  the  greatest  likelihood 
of  danger  arising.  "  Tho  cost  of  the  railway  was  estimated  at  •CS>,OCO,000  sterling. 
The  advantage's  of  the  proposed  railway  to  England  would  be  the  possession  of  an 
alternative  route  to  India  and  the  wing  of  nearly  1000  miles  in  linear  distance. 


On  the  Orograpliy  of  ilie  Clmm  of  t7ie  Great  Atlas. 
Vij  Joiix  BALL,  F.R.S.,  F.L.S. 

The  representations  of  the  chain  of  the  Great  Atlas  ghen  on  the  most  modern 
maps  show  how  very  vague  and  incomplete  our  knowledge  still  is.  They  agree  in 
very  little  beyond  tlie  fact  that  high  mountains  extend  in  a  nearly  direct* line  from 
tho  west  coast,  where  they  approach  the  Atlantic,  near  Agadir,  in  about  SO0  30' N, 
lat.,  for  about  fiOO  miles  inland,  where  they  subside-  at  no  great  distance  from  the 
frontier  of  Algeria  about  the  parallel  of  ft^SO'. 

All  but  the  most  recent  maps  indicate  a  single  range  similar  in  general  character 
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to  that  of  the  Pyrenees ;  while  in  these  wo  find  represented  two  nearly  parallel  ranges 
at  an  average  distance  of  sixty  or  seventy  miles,  of  which  the  northernmost  alone  ter- 
minates near  the  Algerian  frontier,  its  axis  lying  exactly  in  the  lino  of  the  great 
shallow  lakes  or  chotts  that  occupy  a  groat  part  of  tho  high  plateau  of  southern 
Algeria,  while  the  southern  range,  with  some  slight  interruption,  is  continuous 
with  the  elevated  zone  that  forms  the  northern  limit  of  the  Algerian  Sahara.  The 
details,  however,  as  given  in  these  recent  maps  are  strangely  discordant,  especially 
in  regard  to  the  region  lying  E.  and  N.E.  from  the  city  of  Morocco,  and  connecting 
tho  main  range  with  the  mountains  of  North  Morocco. 

It  is  not  surprising  that  such  discrepancies  should  exist,  when  it  is  known  that 
the  be^t  maps  have  been  compiled  with  no  better  materials  than  the  reports  of 
natives,  and  that  none  but  a  very  small  portion  of  the  entire  region  has  ever  been 
traversed  by  civilized  men.  In  regard  to  Gerhard  Rohlfs,  one  of  the  most  remark- 
able of  recent  African  travellers,  it  must  bo  remembered  that  ho  was  forced  to 
maintain  a  rigid  disguise,  to  associate  constantly  with  natives,  and  to  suit  his  move- 
ments to  theirs.  lie  was  unable  to  make  more  than  scanty  and  occasional  no  to  si, 
and  was  altogether  debarred  from  the  use  of  instruments,  it  is  not  surprising  that, 
under  such  conditions,  his  contributions  to  the  topography  of  a  region  never  before 
visited  by  European  traveller  tend  more  to  excite  than  to  satisfy  curiosity. 

During  the  spring  of  last  year  the  Sultan  of  Morocco,  at  the  request  of  the  British 
Minister,  Sir  John  Drummond  Hay,  granted  permission  to  Dr.  Hooker,  the  eminent 
Director  of  the  Royal  Gardens  at  Kew,  to  explore  the  portion  of  the  Great  Atlas 
subject  to  the  Imperial  authority;  and  although  the  main  object  of  the  party,  con- 
sisting of  Dr.  Hooker,  Mr.  Maw,  and  myself,  was  to  investigate  the  flora  of  the 
mountains,  it  was  not  unreasonable  to  expect  that  we  should  be  able  to  make  some 
considerable  addition  to  existing  geographical  knowledge  in  regard  to  a  region  so 
little  known. 

Those  who  are  "best  acquainted  with  Morocco  will  bo  least  surprised  to  learn  that 
in  this  respect  the  expedition  has  not  borne  abundant  fruit.  The  obstacles  whieh 
stood  in  tho  way  were  partly  anticipated  by  us,  but  were  in  great  measure 
insuperable. 

The  authority  of  the  Sultan  extends  over  but  a  small  portion  of  the  region  included 
under  the  denomination  Great  Atlas;  it  is,  in  fact,  limited  to  the  northern  declivity 
of  the  main  chain,  and  only  throughout  the  western  part  of  this,  for  it  extends  to  a 
distance  at  the  utmost  not  more  than  120  miles  E.  of  the  city  of  Morocco.  Tho 
time  at  our  disposal  was  too  limited  to  enable  us  to  explore  even  the  limited  hYld 
that  was  thrown  open  to  us.  The  cares  and  responsibilities  attaching  to  his 
official  duties  prevented  Dr.  Hooker  from  prolonging  his  stay  in  and  near  the 
mountains  beyond  about  three  weeks,  and  the  private  engagements  of  Mr.  Maw 
compelled  him  to  separate  from  us  and  to  return  to  England  at  a  still  earlier  date. 
But  by  far  the  most  serious  obstacle  which  wo  encountered  aro.se  from  the  porsistcnt 
though  covert  opposition  of  all  the  persons  holding  local  authority,  aggravated  and 
not  seldom  stimulated  by  the  chiet  of  our  escort,  whose  charge,  as  we  had  been 
assured,  was  to  remove  all  impediments  from  our  path. 

But  for  the  difficulties  incessantly  placed  in  our  way,  we  should  undoubtedly  have 
attained  several  of  the  higher  peaks,  and  could  not  fail  to  have  learnt  a  good  deal 
respecting  the  disposition  of  the  greater  masses  and  the  direction  of  the  main 
valleys  in  the  territory  which  we  could  not  actually  traverse. 

In  point  of  fact  we  were  able  to  make  but  two  considerable  ascents.  On  the  first 
occasion,  when  we  ascended  the  Tagherot  Pass  in  a  storm  of  snow  and  hail  that 
completely  intercepted  all  distant  view,  the  cold  was  so  severe  that  wo  willingly 
turned  our  faces  from  the  storm  when  only  Mr.  Maw,  the  foremost  of  the  party, 
had  actually  set  his  foot  upon  the  summit,  about  12,000  feet  above  tho  sea-level. 
On  the  second  occasion,  after  Mr.  Maw  had  left  us,  we  attained  a  conspicuous 
peak,  called  Djebel  Tezah,  about  11,500  feet  in  height,  in  a  much  lower  part  of 
tho  range  than  that  previously  visited.  In  addition  to  the  very  limited  results  of 
personal  observation,  we  naturally  availed  ourselves  of  every  promising  opportunity 
for  obtaining  topographical  information  from  natives.  Much  of  the  information 
obtained  in  this  way  appears  to  mo  utterly  unreliable,  especially  when  derived  from 
persons  holding  local  authority  j  but  the  particulars  supplied  \>y  a  very  intelligent 
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Jew^ residing  in  Morocco,  so  far  as  they  re.st  on  personal  knowledge,  deserve  more 
confidence. 

The  following  are  the  chief  points  as  to  which  I  think  myself  entitled  to  express 
an  opinion,  premising  that  as  to  some  of  them  I  may  place  undue  confidence  in  my 
own  personal  conclusions : — 

1.  Tlio  portion  of  the  Atlas  chain  that  is  seen  from  the  city  of  Morocco  is  con- 
siderably higher  than  has  generally  been  supposed.     The  chief  summits  appear  to 
ba  nearly  ot  tho  same  height,  and  tho  majority  of  those  approach  very  nearly,  if 
thev  do  not^occasionally  surpass,  tho  level  of  14,030  feet.     Westward  of  the  district 
of  Glaouiy  S.W.  of  the  city  of  Morocco,  the  range  subsides  gradually  a,s  it  approaches 
tho  coast. 

2.  Thero  is  a  certain  amount  of  tolerable  evidence  tending  to  show  Unit  tho 
interior  part  of  the  range  extending  from  the,  upper  valley  of  the  Wed  Tessaout  to 
tlw  frontier  of  Morocco  contains  peaks  of  higher  elevation  than  any  seen  bv  us. 

tt.  The  existence  of  an  anti-Atlas  ur  range  parallel  to  tho  main  chain,  and 
enclosing  on  the  south  side  tho  groat  valley  of  tho  Sous,  was  established  by  llohlfs, 
if  not  by  previous  travellers ;  but  w«j  are  probably  the  tii\st  who  have  looked  across 
the  wide  intervening  space  nnd  scanned  tho  outline  of  tho  anti-  Atlas.  The  portion 
•seen  by  us  at  a  distance  of  from  50  to  (>0  miles  is  far  less  bolti  in  form  than  tho 
main  range.  The  utmost  heiurUt  of  that  portion  can  scarcely  exceed  10,000  feet. 

4.  The  uup  compiled  by  CapL  Jieaudouin,  and  published  in  Paris  at  the  DJpot 
Go'no'ral  do  la  Guerro  in  LS4S,  which  is  decidedly  tho  best  that  has   hitherto 
appeared,  is  defective  in  representing  the  main  chain  as  arising  abruptly  from  tho 
low  country,  scarcely  indicating  considerable  lateral  valleys.     At  the  same  time  it 
should  bo  remarked  that  tho  projecting  ridges  which  divide  the*o  lateral  valley* 
appear  to  b3  lower,  in  comparison  with  the  peaks  of  the  main  chain,  than  is  usual  m 
other  groat  mountain-ranges. 

5.  There  is  a  markod  tendency  to  the  formation  of  considerable  valleys  parallel  to 
tho  main  chain,  and  in  such  cases  the  remark  made  in  the  last  paragraph  does  not 
apply.     Homo  of  the  higher  peaks,  and  amongst  them  th.it  nam<»d  Miltsw  by  the 
Into  Captain  Washington,  lie  in  ridges  nearly  parallel  to  tho  main  chain. 

0.  It  appears  at  least  possible  that  tho  anti-Atlas,  if  wo  may  so  denominate  tho 
range  forming  the  southern  boundary  of  tho  Sous  valley,  is  merely  an  example  on 
a  large  scale  of  one  of  the  parallel  ridgo.s  just  referred  to,  many  examples  of  which 
are  to  be  found  in  better  known  mountain-regions. 

7.  Tho  existence  of  two  parallel  chains  so  continuous  as  those  represented  in 
Gerhard  llohlt's's  map  appears  to  bo  open  to  reasonable  doubt.     In  the  absence  of 
direct  evidence,  it  appears  at  least  equally  probable  that  the  conformation  of  tho 
main  chain  may  be  be>t  represented  l)y  a  series  of  ridges  slightly  inclined  to  the 
axis  of  elevation  of  the  entire  mass. 

8.  Tho  remarkable  valley  of  tho  Benimguald,  laid  down  on  Beaudouin\s  map  as 
extending  more  than  one  hundred  miles  from  S.K  to  N.W.  in  a  nearly  direct  line, 
must  be  pronounced  inmginarv  or  based  on  false  information.     Tho  details  given  in 
llohlfs's  *  K»ise  durch  Marohko,'  however  incomplete,  are  manifestly  inconsistent 
with  the  general  plan  of  tho  mountain-system  laid  down  in  that  map. 


On  tlie  Geographical  Distribution  of  Forests  w  Lulia.     Ry  Dr. 

In  all  countries  the  character  of  forest  vegetation  mainly  depends  on  soil,  climate, 
and  the  action  of  man.  In  India  tho  greater  or  less  degree  of  moisture  is  perhaps 
tho  most  important  element  in  this  respect.  Moisture  and  rainfall  are  not  identical 
terms.  In  many  parts  of  India  and  elsewhere  dew  and  tho  aqueous  vapour 
dissolved  in  the  atmosphere,  or  the  water  derived  from  the  overflow  of  rivers  and 
from  percolation,  are  sources  of  moisture  as  important  tor  the  maintenance  of  arbo- 
rescent vegetation  as  the  fall  of  rain  ami  snow.  It  would  greatly  facilitate  tho 
labours  of  "the  forester  and  of  tho  botanist,  who  inquire  after  the  geographical  distri- 
bution of  forest-trees,  if  the  amount  of  atmospheric  moisture  and  the  formation 
of  dew  durinw  the  seasons  of  tho  year  in  different  p  arts  of  India  had  been  sufficiently 
studied;  butln  the  present  state  of  our  knowledge  wo  must  bo  satisfied  with  dividing 
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India  into  regions  nnd  zones  according  to  the  moro  or  less  heavy  rainfall  during  the 
year.  The  arid  region,  with  an  annual  rainfall  of  loss  than  fifteen  inches,  occupies 
a  large  portion  of  tho  north-west  corner  of  India,  from  the  Salt  range  in  the  north 
to  the  mouths  of  the  Indus  in  the  south,  and  from  the  Suleiman  range  in  tho 
west  to  the  Aravulli  Hills  in  the  east.  It  includes  the  southern  portion  of  tho 
Punjab,  the  province  of  Sindh,  the  States  of  Uhawulpoor,  Khyrpoor,  Bikanir, 
Jessiilmir,  aud  the  greater  part  of  Marwar.  Throughout  this  vast  region,  which 
covers  an  area  equal  to  that  of  tho  kingdom  of  Prussia,  with  a  population  of  from 
twelve  to  fifteen  millions,  the  rains  are  not  only  scanty  but  most  uncertain.  It  is 
not  a  rare  occurrence  for  several  years  to  pass  in  succession  without  any  showers, 
and  then  there  is  a  heavy  downpour,  generally  in  winter,  and  occasionally  in 
August  or  September.  There  are,  however,  no  regular  winter  or  summer  rains. 
A  scantv,  thorny  scrub  on  tho  hills  and  in  tho  northern  part  in  the  plains  also 
gives  ample  employment  to  the  botanist,  for  it  is  here  that  tho  representatives  of 
the  Arabian  and  Persian  ilora  mingle  with  the  vegetation  winch  is  peculiar  to 
India;  but  the  work  of  the  forester  is  mainly  confined  to  the  bolts  of  low  country 
along  the  Indus  and  its  great  branches.  In  Sindh,  for  instance,  the  area  of  forest 
land  which  is  under  the/ exclusive  control  of  the  State  covers  350,000  acres,  all 
situated  on  the  fertile  alluvial  soil  on  both  banks  of  the  Indus,  some  of  which  is 
inundated  annually  by  the  summer  floods  of  this  large  river,  the  remainder  being 
moistened  by  percolation.  In  lower  and  middle  Sindh  a  large  portion  of  these 
forests  consists  of  Acacia  arabica,  more  or  less  pure,  with  a  shade  so  dense  that 
very  little  grass  or  herb  grows  under  the  trees.  In  northern  Sindh  extensive  shrub- 
forests  of  tamarisk,  with  standards  of  Acacia  and  Popu/us  euphraticaf  cover  large 
tracts  along  the  banks  on  both  sides  of  the  river.  As  the  Indus  changes  its  course 
from  time  to  time,  leaving  dry  last  year's  bed  and  breaking  through  at  another 
place,  forming  a  new  channel,  the  fresh  banks  and  islands  which  are  thus  thrown 
up  are  covered  at  once  by  a  dense  growth  of  self-sown  seedlings  of  tamarisk,  with 
a  sprinkling  here  and  there  of  the  acacia  and  poplar ;  and  in  other  places  large 
tracts  of  old  forests  are  earned  away  by  the  encroachments  of  the  river.  Outside 
these  forests  a  little  further  inland,  but  still  to  a  certain  extent  under  the  moisten- 
ing influence  of  the  river,  are  vast  tracts  of  Prwopia  Hpim/era,  Stdradora,  and  Cap- 
parts  aphytta,  and  further  north,  in  the  Punjab,  where  the  rainfall  is  more  regular 
and  its  annual  amount  approaches  or  exceeds  ton  inches,  these  dry  woodlands, 
mainly  composed  of  Prosopis,  Capparis,  and  Sttlcadora,  cover  a  vast  extent  of 
country  between  the  rivers  of  that  province.  Those  woodlands  are  commonly 
known  under  the  name  of  Kukhs,  and  they  extend  far  into  the  second  zone,  which 
the  author  proposes  calling  the  dry  region  of  India,  and  in  which  the  normal  rain- 
fall is  between  fifteen  and  thirty  inches.  There  are  two  zones  of  dry  country :  one 
running  on  the  north  and  east  of  the  arid  region  in  a  belt  from  one  hundred  to  two 
hundred  and  fifty  miles  wide,  leaving  the  foot  of  the  Himalaya  range  about  Umballa, 
touching  the  Ganges  at  Futtehgurh,  and  including  Agra,  Jhansi,  Ajmere,  and 
Deesa.  This  he  proposed  calling  the  northern  ry  zone  ;  its  natural  forest  vege- 
tation is  scanty,  but  better  than  that  of  the  arid  region.  In  some  of  the  States  of 
Rajpootanathere  are  extensive  woodlands  of  Acacia  arabica,  Prosojris,  &nd  a  species 
of  Anogcimus,  carefully  preserved,  to  furnish  cover  for  game,  a  regular  supply  of 
wood  and  grass,  and,  in  times  of  drought,  pasture  for  the  cattle  of  the  vicinity; 
and  in  some  parts  of  the  Aravulli  Hills,  where  cultivation  mainly  depends  on  the 
water  stored  up  in  tanks,  the  value  of  preserving  the  scanty  thorny  scrub  on  the 
hills,  in  order  to  regulate  the  filling  of  the  tanks  from  rain,  is  recognized  by  the  larger 
landholders.  Nor  must  we  forget  that  we  owe  the  maintenance  of  the  forests  in 
Sindh  and  of  the  rukhs  in  the  Punjab  to  the  action  taken  by  the  former  rulers, 
and  that  during  the  first  period  after  the  occupation  of  the  country  the  action  of 
the  British  Government  has  not  in  all  cases  been  favourable  to  the  preservation 
of  the  forests  and  woodlands  in  the  arid  and  dry  regions  of  India.  Great  exertions 
have,  however,  been  made  of  late  years  to  make  up  in  some  measure  for  past 
neglect  in  this  respect ;  and  in  the  Punjab  extensive  plantations  have  been  esta- 
blished since  1865,  which  now  cover  upwards  of  12,000  acres,  the  main  object  in 
the  formation  of  these  new  forests  being  to  provide  fuel  for  the  consumption  of  the 
railways,  and  fuel  and  timber  for  tho  large  towns  in  that  province.  There  is  A 
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second  dry  region  in  iho  noninsula  of  India,  comprising  part  of  the  Beccan,  the 
Maidan  or  open  country  of  Mysore,  and  several  districts  of  the  Madras  Presidency. 
There  are  exceptionally  moist  places^witliin  its  limits,  such  as  Bangalore,  which, 
being  situated  oOOO  feet  above  the  sea,  has  somewhat  more  than  thirty  inches  rain ; 
but  upon  the  whole,  and  excluding  hills,  which  rise  considerably  above  the  table- 
land of  South  India,  this  belt,  which  stretches  from  Nassick  in  the  north  to  Capo 
Comorin  in  the  south,  has  a  normal  rainfall  of  less  than  thirty  inches.  This  belt 
includes  1'oona,  Bcllary,  and  Kurnool  in  the  north,  and  Madura  and  Tinnevelly  in 
the  south.  Over  a  great  peart  of  it  is  found  the  sandal-wood  (Sftntah/nt  fttlwm),  a 
small  tree  with  fragrant  heart  wood,  which  comes  up  here  and  there  in  bushes  and 
hedges,  but  does  not  grow  gregariously  and  dons  not  form  pure  forests.  The  moist 
i rafts  of  country,  wit li  a  normal  rainfall  exceeding  st^enty-fivo  inches,  are  two. 
Ono  is  a  narrow  belt  on  the  western  coast,  ext<  riding  from  Bombay  in  the  north  to 
Trevandrum  in 'the  south,  and  comprising  the  whole  country  be  low  Ohat,  and  a 
narrow  strip  above  (Jhat.  the  hitter  van  ing  iu  width  at  different  places,  but  often 
only  a  few  milt  ^  wide,  although  the  fall  on  the  crest  of  the  Ghats  i^  in  places  as 
heavy  a^ ^~>()  inches.  The  other  moi*f  region  i*  much  larger  ;  it  comprises  the  outer 
bills  of  the  Himalaya  range  from  Kmigr<i  to  Assam,  gradually  increasing  in  width 
from  a  narrow  belt  twenty  to  thirty  miles  wide  in  the  north*- west  Himalaya,  and 
includes  the  whole  of  Ka^tern  Bengal  and  Burma.  The  vegetation  within  these 
two  tracts  of  moi^t  country  i<*  exceedingly  luxuriant  and  \aried.  The  teak-forests 
(Tecfo)ta  f/ramfix)  of  Burma,  Canara,  the  Wynaad  and  the  Anamallays,  the  ever- 
green forests  of  Burma,  Eastern  Bengal  and  the  western  Ciliats,  and  the  extremely 
varied  forest  vegetation  of  the  outer  Himalayan  ranges  belong  to  this  region.  The 
greater  part  of  Central  and  a  large  portion  of  Northern  India  belonps  to  wliat  may 
]w  called  the  intermediate  region,  with  a  rainfall  between  thirty  and  seventy-live 
inches.  The  extensive  sal-forests  (Shorca  rnbt">tii)  of  the  sub-Himalayan  tract  and 
of  Central  India  are  found  in  the  moister  parts  of  this  repion.  AVhere  the  rainfall 
exceeds  forty  inches,  forest  U'grtatinii  is  fairly  luxuriant;  but  the  givat  drawback 
in  tliis,  as  in  most  parts  of  India,  is  the  circumstance  tliat  the  rainfall  is  not  equally 
distributed  over  the  year,  but  limited  to  the  rani}  sea>on,  which  varies  in  length 
from  two  to  six  months.  The  year  thus,  in  most  parts  of  India,  divides  itself  into 
two  seasons,  the  dry  season  and  the  rainy:  and  the  dry  season  is  generally  the 
longer  of  the  two.  Dews  and  rare  showers  keep  the  prass  and  lea\o»  in  the  forest 
fairly  moist  until  Jannnrv  or  February  ;  after  that  time  they  dry  up  rapidly,  and  by 
Mnrch  and  April  every  thing  is  so  dry  that  the  smallest  spark  is  sufficient  to  set  it 
on  fire.  Hence  the  jungle-fiies  are*  an  annually  occurring  institution  in  a  great 
part  of  the  country,  and  they  do  much  to  keep  back  forest  vegetation.  Successful 
attempts  ha\e,  however,  been  made  within  the  last  six  years  to  keep  out  fires  in 
some  of  the  more  \alunhle  forests,  and  the  effect  on  the'growth  Of  the  forest  has 
been  marvellous.  In  the  Himalaya  range  moisture  gradually  decreases  as  we  pro- 
ceed inland,  until  a  country  is  reached  almost  without  rainfall,  and  with  very  little 
spontaneous  arborescent  vegetation.  In  the  intermediate  country,  with  a  moderate 
supply  of  moisture,  is  the  greater  part  of  the  Deodar  forests  (Cto/rw*  J)codara), 
whiefi  furnish  the  north-west  of  India  with  timber.  Here,  as  elsewhere,  the 
inliucnce  of  moisture  on  the  rate  of  growth  is  remarkable.  In  the  outer  ranges, 
with  a  rainfall  of  sixty  to  eighty  inches,  the  Deodar  attains  a  diameter  of  two  feet 
in  from  sixty  to  eighty  years  ;  further  inland,  in  the  dry  region,  at  the  same  eleva- 
tion, from  loO  to  200  years  are  required  to  form  the  same  quantity  of  wood. 


On  the  Desiccation  of  SontJi  Africa.    Jty  Dr.  J.  C.  DROWN. 


Rewarls  on  tlic  Dt><p-watcr  Temperature  of  Locfis  Lomond,  Kttrint,  anil  Tay. 

By  ALEXANDKII  BUCHAN,  FM*S.E.y  Secretary  <>filic  Scottish  Meteorological 

Society. 

In  two  communications  made  by  Sir  Robert  Christ igon  to  the  Royal  Society  of 
Edinburgh  in  December  and  April  last,  on  the  deep-water  temperature  of  toch 


208  REPORT — 1872. 

Lomond,  from  observations  made  by  him  with  a  Miller- Casilla  thermometer, 
three  important  facto  were  stated : — 

1.  On  the  12th  of  October,  1871,  the  temperature  at  tho  surface  was  52°,  from 
which  it  fell,  on  descending,  till  at  500  feat  below  the  surface  it  stood  at  42°  j 
and  this  temperature  of  42 J  was  uniformly  maintained  at  greater  depths,  or   o 
518  feet,  the  depth  of  the  loch  at  the  place  of  observation. 

2.  On  tho  18th  of  November  following,  the  surface-temperature  was  40°  j  at  a 
depth  of  2oO  feet  42°  -25  ;  at  270  feet  and  lower  depths  42°. 

3.  On  the  10th  of  April,  1872,  the  temperature  at  tho  surface  was  43°,  at  150 
feet  42°-l,  and  from  200  to  591  feet  42°. 

Hence  it  appears  that  there  is  a  stratum  of  water  of  considerable  thickness  at  tho 
bottom  of  this  loch  of  uniform  temperature — that  the  unper  surface  of  this  stratum 
of  deep  water  of  uniform  temperature  was  about  100  feet  higher  on  the  10th  of 
April  than  it  was  in  the  beginning  of  winter,  or  on  the  18th  of  November — and 
that  this  deep-water  temperature  probably  remains  constantly  at  or  very  near  42°. 

During  this  period  the  temperature  was  the  average  of  the  season  on  fifty-one 
days,  the  deficiency  amounting  to  a  mean  of  ;i°'4  ;  and  above  the  average  on  ninety- 
four  days,  the  excess  amounting  to  a  mean  of  4 '\  the  most  markedly  mild  periods 
extending  over  sixty-nine  days,  viz.  from  the  llth  of  January  to  the  19th  of  March, 
during  which  the  temperature  was  on  an  average  30>9  above  that  of  tho  season  j 
and  the  temperature  was,  for  the  whole  period  of  14o  days,  l°-i  above  the  average. 

It  may  be  concluded  that  in  ordinary  winters  tho  stratum  of  water  of  uniform 
temperature  will  be  thicker  than  Sir*  Robert  Christison  found  it  to  be  this  year 
in  the  beginning  of  spring;  in  other  words,  that  it  will  be  nearer  the  surface  than 
170  feet. 

The  late  Mr.  James  Jardine,  C.E.,  made  observations  on  tho  temperature  of 
Lochs  Tay,  Katrine,  and  Lomond,  in  August  and  September  1812,  and  again  in 
September  1814,  and  found  the  deep-water  uniform  temperature  of  the  lochs  to 
be  41°-9,  41°-7,  and  4F-5. 

These  observations  were  made  in  the  summer  and  early  autumn,  or  when  tho 
temperature  of  the  sea  and  of  the  lakes  is  about  the  animal  maximum.  Taken 
in  connexion  with  Sir  Kobert  Ghristison's  observation,  they  warrant  the  conclusion 
that  the  deep-water  temperature  of  Loch  Lomond  remains  during  the  whole  year 
either  absolutely  at,  or  very  nearly  at,  the  low  figure  of  42 J. 

Mr.  Jardine's  observations  also  show  that  this  is  not  a  peculiarity  of  Loch 
Lomond,  but  that  it  is  also  a  characteristic  of  Lochs  Katrine  and  Tay,  and  most 
probably  of  other  deep  waters. 

The  mean  annual  temperature  of  the  air  at  Loch  Lomond,  from  the  mean  at 
Balloch  Castle,  situated  at  the  foot  of  the  loch,  calculated  on  tho  thirteen  years' 
average  ending  1801),  is  48°,  which  is  0°  higher  than  the  uniform  deep-water 
temperature  of  the  loch.  The  deep-water  temperature  is,  therefore,  not  deter- 
mined by  the  mean  annual  temperature  of  air  o\er  this  part  of  the  earth's  surface. 

From  Forbes's  *  Climate  of  Edinburgh/  it  is  seen  that  the  temperature  there  is 
under  the  annual  mean  from  the  21st  of  October  to  the  20th  of  April.  Assuming 
that  this  holds  good  for  .Balloch  Castle,  then  the  mean  temperature  of  the  air  for 
these  188  days  is  41°- 4. 

The  close  approximation  of  this  temperature  of  41°*4  to  42°,  the  deep-water 
temperature  of  the  loch,  is  such  as  to  suggest  that  it  in  the  mean  temperature  of  the, 
cold  half  of  the  year  which  determines  the  temperature  of  the  lowest  stratum  of  water 
at  the  bottom  of  deep  hikes,  so  long  as  tho  deep-water  temperature  does  not  fall 
below  that  of  the  maximum  density  of  the  water.  As  this  principle,  if  established, 
would  be  of  great  importance  in  many  questions  of  physical  research,  such  aa  the 
deep-water  temperature  of  the  Mediterranean  Sea,  which  Dr.  Carpenter  has  very 
accurately  ascertained,  in  its  connexion  with  tho  larger  question  of  general  oceanic 
circulation,  it  well  deserves  further  investigation. 


Explorations  in  tlie  Gold  Region  of  the  Limpopo.     By  E.  BUTTON. 
^The  paper  gjavean  account  of  journeys  made  by  the  author  in  ]8Gi)  across  the 
Limpopo  and  in  the  neighbourhood  of  tydenburg.    After  crossing  the  Limpopo  in 
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?r  trees  forty  feet  high  without  a  bianch.  The  gr 
ot  this  region  possesses  veiy  lemnrkablc  features  ;  vast  flats  stretch  away  for  a 
distance  of  sixty  miles,  studded  with  granite  hills,  each  formed  of  a  single  mass  of 
rock  rising  to  a  height  of  COO  to  ]OCO  feet;  the  rock  is  denuded  for  miles,  and  the 
country  a  -waterless  desert.  The  natives  build  their  huts  under  the  shelter  of  large 
•scales  of  granite  on  the  sides  of  the  hills  and  also  on  the  bare  rounded  summits. 
No^European  could  reach  these  places,  but  the  inhabitants  wale  the.  hills  with  the 
facility  of  baboons.  The  author  stated  that  theie  was  very  little  hope  of  the 

r  the  country  settled  by  a  European 
ted  in  a  iirie  ngiirultural  district ; 
of  the  Quathlamba,  is  very  beau- 
In  1$70  he  disco\ered  gold  in  a 
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Limpopo  ever  being  rendered  a  navigable  ri\er,  or  the  country  settled  by  a  European 
population.  Lydenburg,  fmlher  south,  is  situated  in  a  iine  ngiirultural  district ; 
and  the  country  to  the  eastward,  on  the  slopes  of  the  Quathlamba,  is  very  beau- 
tiful and  fertile  for  a  distance  of  100  niiletf. 


mountain-range  bouth-west  of  Lydenburg. 


On  a  Tlirovyli  Jfailway  Rovtc  to  India,  via  Russia  and  tlw  Oxus  Valley. 
B</  GKYF  JVXA  DE  EYKOWSKI. 

The  author  had  traversed  the  route  lie  leconi  mended,  travelling  on  horseback  a 
distance  of  2000  miles,  lie,  estimated  the  length  of  the  line  at  11)00  miles, 
whereas  the  route  from  England,  vi<i  the  Euphrates  valley,  was  <$18>j  miles.  From 
the  Volga  to  the  Hindoo  Koosh  extended  a  plain,  tnuersable  e\en  now  by  wheeled 
carriages.  Crossing  the  Hindoo  Koosli  from  Indentb  to  Planthir  valley,  there 
were  only  a  fe.w  miles  of  mountain.  It  is  Into  there  were  narrow  gorges  along  the 
Cabul  mer,  which  would  entail  expensive  works,  but  they  were  quite  practicable. 


On  Dr.  Lirhi(/sfo)K%s  Jtccait  l)isaivi ri< $.     7?y  Lieut. -Ci>loiuil  J.  A.  GKAXT. 

rriie  author  ul»MT\ed  that  it  was  much  to  be  regretted  that  Dr.  Livingstone's 
despatches  and  letters  contained  so  few  observations  of  latitude,  longitude,  and 
altitude,  and  that  map-makers  v\ere  consequently  unable  to  lay  down  his  vast  dis- 
co\orios  with  any  degree  of  certainty.  Dr.  LivingMono  had  infoimcd  us  that  his 
great  line  of  drainage  had  been  traced  by  him  iiom  11?  S.  Lit.  do\\n  to  4°  S.  lat.f 
and  that  he  heliexeil  the  waters  continued  to  ilow  beyond  that  until  they  joined 
the  Jlahr  el  Uaxal,  a  westeni  tributary  oi'tlie  Nile.  lUit  no  such  thing  could  happen. 
The  Habr  el  Ciazal  throughout  its  course  was  a  s}stem  of  marshes,  stagnant  waters 
overgrown  with  rushes  ami  ambadj,  and  supplied  -\ery  little  v^ater  to  the  Nile. 
Moreover,  1  >r.  Schwcinfuvlh,  a  recent  Gciman  tra^  eller,  ot'who^e  discoveries  Lh  ing- 
stone,  of  course,  could  not  be  aware,  had  discovered  the  sources  of  the  rivers  of  the 
JJahr  el  Gazal  system  in  from  .4i°  to  f>°  N.  lat.  From  the  fat  ts  recorded  by  Living- 
stone that  pigs  were  kept  by  the  nati\  es  of  the  I  -ualabu  country,  and  that  the  gorilla 
was  found  there  (both  of  v\hich  animals  are  unknown  in  the  Nile*  Lake-region), 
the  author  concluded  that  the  great  Ijavller  had  underestimated  the  westing  he 
had  made  in  his  longitude,  and  that  he  v\as  really  on  the  upper  waters  of  the 
Congo,  which  J  lowed  west  into  the  Atlantic. 


The  Place  of  Gcof/rapJiy,  Political  and  Physical,  in  Education. 

l\\j  tlie  llov.  EnwAKD  HVLK,  M.A. 

livery  one  is  brought  into  contact  with  man  and  nature.  The  iirst  aim  of  edu- 
cation should  he  to  teach  the  duties  we  owe  to  man,  our  social  duties,  and  to  teach 
the  advantages  we  may  derive  from  a  proper  knowledge  and  application  of  the 
powers  of  nature.  The  Wial  duties  have  been  taught  by  means  of  philosophy  and 
history,  To  learn  these,  the  fathers  of  philosophy  and  history  had  to  be  studied 
in  their  own  language.  Hence  arose  the  system  of  classical  education,  which  at 
last  degenerated  into  the  mere  teaching  of  Greek  and  Latin,  or  rather  of  Greek 
and  Latin  grammar,  and  this,  too,  not  iu  a  scientific  manner, 
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But  the  study  of  nature  lias  been  practically  ignored  in  education.  Human 
philosophy  has  ooen  taught,  but  not  natural  philosophy.  Of  late  years  there  has 
oeen  an  attempted  teaching  of  science  in  some  schools,  but  it  has  been  superficial. 
All  school  education  should  be  thorough  ;  but  as  boys  and  girls  cannot  learn  much, 
what  they  are  taught  must  be  thoroughly  taught,  and  must  of  necessity  be  rudi- 
mentary. 

Education  naturally  divides  itself  into  two  branches,  a  human  and  natural  phi- 
lo^sophy — the  one  taught  by  literature  and  history,  the  other  by  mathematics  and 
science.  Those  subjects,  then,  should  be  taught  which  aro  absolutely  essential  as 
introductory  to  both  branches.  These  should  be  a  language,  ancient  and  modern, 
arithmetic,  geometrical  drawing,  and  geography.  Political  geography  is  the  proper 
introduction  to  the  study  of  history,  as  physical  geography  is  to  that  of  nature. 
Geography  can  be  taught  thoroughly,  even  when  compulsorily  taught,  ancj,  can  bo 
made  attractive  both  to  pupil  and  teacher;  whereas  it  is  extremely  diiHcult  to  teach 
chemistry  or  astronomy  (for  instance)  compulsorily,  and  impossible  to  do  moro 
than  teach  them  superficially.  The  method  of  teaching  physical  geography  at 
Eton,  not  assumed  to  be  the"  best  method,  is  simply  this  :  to  tiach  by  means  of 
lectures,  to  use  no  text-book,  to  illustrate  freely,  to  require  constant  reproduction 
of  the  lecture  by  the  pupil  in  his  own  word-*,  and  to  examine  the  pupils  constantly 
by  papers.  One  advantage  of  the  method  of  employing  no  text-nook  is  that  it 
prevents  "cram."  (Seography  is,  however,  in  itself  a  study  which,  provided  the 
Knowledge  of  the  pupil  is  properly  tested,  admits  of  less  u  cramming  "  than  any 
other  study,  partly  from  its  great  range,  and  partly  from  its  admitting  of  so  many 
problems  being  given.  ^ 

Recent  Changes  of  Level  in  Land  and  Sea.     By  II.  H.  HOWOBTH. 

This  paper  surveyed  the  evidences  of  all  kinds  of  elevation  and  depression  of 
land  areas  in  all  parts  of  the  world,  and  the  author  believed  they  pro\ed  that  a 
general  elevation  of  the  great  laud  masses  of  the  earth  was  in  process,  with  some 
limited  exceptions,  

The  Direct  Hiylnvay  to  India  considered.     By  Capt.  Fr,ux  JONES. 

This  paper  advocated  the  construction  of  a  railway  to  unite  the  Mediter- 
ranean at  Alexandretta  with  Kowait  on  the  IVivian  Ciulf.  The  other  proposed 
routes  through  Asia  Minor,  Northern  Persia,  or  rid  Diarbekr  and  the  left  bank  of 
the  Tigris,  were  reviewed  by  the  author,  and  shown  to  oiler  hopeless  difficulties  in 
the  way  of  a  line  of  railroad.  Aleppo  is  the  key  to  the  entire  Hjftem  of  rail \yavs 
in  Turkey.  A  proposed  lino  hence  to  Mosul  would  have  the  ad>nntn<ro  of  abt-orb- 
ing  all  the  lines  of  trailic  from  the  north  and  east;  but  in  its  continuation  along 
the  Tigris  it  would  entail  the  bridging  of  the  Euphrates  twice  and  the  Tigris  once, 
besides  being  300  miles  longer  than  the  route,  along  the  east  bank  of  the  Euphrates. 
The  author  spoke  also  of  the  more  settled  habits  of  the  Arab  population  along  this 
latter  route,  and  of  the  manifest  strategic  and  political  value  to  England  of  this 
line  and  its  two  termini. 

On  the  Relation  of  Forests  to  Ifydroloyy.     Bij  G.  LEMOIXE. 

The  result  at  which  the  author  had  arrived  in  the,  investigations  on  which  he 
had  been  officially  engaged  in  France  was,  that  the  action  of  forest  H  on  the  climate 
of  a  country  must  bo  considered  as  extremely  doubtful.  In  the  basin  of  the  Seine 
it  had  been  established  that  forests  had  no  special  influence  on  the,  supply  of  wat*»r 
in  streams,  as  compared  with  similar  ureas  of  ground  clothed  with  grass.  Tim 
only  absolutely  certain  action  of  forests  was  their  influence  on  the  protection  of 
the  soil,  i,  e.  they  prevented  it  being  carried  away  by  rains.  In  consequence  of 
this  action,  they  retarded,  in  mountainous  countries,  the  How  of  torrents  ;  and  this 
result  had  been  well  ascertained  in  the  Department  of  the  H  antes  Alp»>s,  where 
the  replanting  of  woods  had  extinguished  torrents  already  formed ;  but  in  most 
cases  turfing  alone  had  been  found  to  produce  an  equal  effect.  These  conclusions, 
in  tho  opinion  of  tho  author,  ought  to  bo  carefully  limited  to  the  countries  in 


T1UNSACTIONS  OF  THE  SECTIONS.  211 

which  the  subject  had  been  investigated.  They  showed  the  extent  of  man's 
powers  in  influencing  climate.  lie  could  so  far  modify  the  surface  as  to  extinguish 
torrents ;  but  the  great  general  phenomena  of  the  atmosphere,  and  the  currents  of 
air  which  determine  the  climate  of  a  country,  are  beyond  his  reach. 


Extracts  from  the  Official  Despatches  of  Dr.  Livingstone. 

The  ideographical  in  formation  communicated  in  those  despatches  is  contained 
chiolly  iu  that  to  Lord  Clarendon,  dated  the  14  of  November,  1871.  In  this 
lot  tor  Dr.  Livingstone  states  that  ho  had  ascertained  that  the  watershed  of  the 
Nilo  was  u  broad  upland  between  10°  and  1:2 J  S.  hit.,  and  lying  from  4f)00  to  5000 
feet  above  the  .sea-level.  It  is  70')  miles  in  length  from  east  and  west,  and  from 
it  flow  innumerable  streams,  which  further  north  unite  to  form  two  main  lines  of 
lU'aiuige — large  l(  lacustrine  "  rivers,  the  exploration  of  one  of  which,  called  tho 
central  line,  had  occupied  all  the  traveller's  time  and  innaus  down  to  the  date  of 
his  despatch.  The  geographical  results  are  slated  to  be  chiefly  as  follow: — *'  The 
great  river,  Webb's  Lualubd,  in  the  ceatro  of  the  Nilo  valley,*  makes  a  great  bend 
to  tho  west,  8- Km  after  leaving  Lake  Moero,  of  at  least  180  miles ;  then,  turning  to 
tli3  north  for  some  distance,  it  makes  another  large  sweep  west  of  about  1:20  inil»»sf 
in  the  course  of  which  about  30  miles  of  southing  are  made  ;  it  then  draws  round 
to  north-east,  receives  the  Loiname,  or  Loeki,  a  largo  river  which  flows  through 
Lake  Lincoln.  After  the  union,  a  large;  lake  is  formed,  with  nianv  inhabited  islands 
in  it;  but  this  has  still  to  be  explored.  It  is  the  fourth  large  lake  in  the  central 
line  of  drainage,  and  cannot  bo  Lake  Albert ;  for  assuming  Speke's  longitude  of 
I'jiji  to  bo  pretty  correct,  and  my  reckoning  not  enormously  wrong,  the  great  cen- 
tral lacustrine  river  is  about  five  degrees  west  of  Upper  and  Lower  Tanganyika.  Tho 
m  van  of  many  barometric  and  boiling-point  observations  made  Upper  Tanganyika 
2880  feet  high ;  .  .  .  but  I  have  more  confidence  in  the  barometers  than  in  tho 
boiling-points,  and  they  make  Tanganyika  over  3000  feet,  and  the  lower  part  of 
the  Central  Lualaba  1  inch  lower,  or' about  the  altitude  ascribed  to  Gondokoro 
[nearly  2000  feet  1.''  The  furthest  point  ho  reached  to  tho  north  was  stated  to  bo 
lul.4°S.  

On  the  Pantli'ty*  of  Yunnan.     By  W.  F.  A 


On  the  Topography  of  YctWo.     By  A. 


On  Polar  E>q>1oration.     11  y  dipt.  SJIEKAKD  OSHORN,  <?.#.,  R.N. 

The  author  wished  to  draw  the  attention  of  the  Association  to  Polar  discovery, 
and  to  ask  for  sympathy  and  support  in  tho  efforts  made  by  the  Koyal  Ueograplii- 
cal  Society,  in  combination  with  other  learned  bodies,  to  bring  about  a  renewal  of 
Arctic  discovery  by  British  seamen  and  explorers.  Since  the  Return  of  Sir  Leopold 
M'Clintock,  in 'September  18^9,  from  his  memorable  voyage  in  the  'Fox,*  and  foot 
journey  round  King  William's  Land,  no  British  exploring-expeilition  had  passed 
within  the  limits  of  tho  Arctic  zone,  «ud  it  appeared  as  if  English  geographical 
enterprise  in  the  North  had  for  a  while  become  exhausted  by  the  exertions  made 
to  rescue  or  learn  the  fate  of  Franklin's  expedition.  These  exertions,  which  com- 
menced in  1848  and  ended  in  1850,  yielded  a  rich  harvest  of  geographical  explo- 
ration, as  a  comparison  of  tho  Admiralty  charts  would  plainly  show.  From  Baffin's 
Bav  to  Behring's  Straits,  through  00°  of  longitude  and  8°  of  latitude,  the  whole 
northern  shores  of  the  American  continent  and  the  great  archipelago  to  the  north 
was  not  only  explored,  but  almost  every  foot  of  coast-lino  was  searched  by  ship, 
boat  or  sledge  parties.  This  great  task  was  accomplished  by  much  self- sacrifice, 
much  labour,  and  considerable  suffering,  but  without  any  casualties  of  a  serious 
character.  But  though  British  Arctic  "enterprise  rested  from  1859,  it  was  not  so 
with  other  countries.  The  seamen  and  geographers  of  America  (with  that  dogged 
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per*  everanco  which  formed  one  of  their  natural  characteristics,  never  hotter  illus- 
trated than  in  the  recent  heroic  journey  of  Mr.  Stanley  to  the  rescue  of  Livingstone) 


,  -with  much  open  water,  extending  northward  through  Smith's  Sound ;  but 
they  immediately  sent  forth,  by  private  enterprise  supplemented  with  Government 
aid,  two  fresh  expeditions — one,  under  Captain  Hull,  to  try  on  foot  to  reach  Itcpulso 
Eay  and  the  estuary  of  the  Great  Fish  Kiver,  with  the  object  of  trying  to  sa^e  any 
documents  left  by  the  last  survivors  of  Franklin's  people';  and  the  other  to  add,  if 
possible,  fresh  geographical  discoveries  in  the  promising  field  of  Smith's  Sound  laid 
open  by  the  gallant  l)r.  Kane.     Captain  Hall  for  seven  years  lived  the  life  of  an 
Esquimaux  and  returned  to  tell  us  of  a  vast  amount  of  relics  of  the  crews  of  jtho 
'  Erebus  '  and  '  Terror  '  being  strewed  about  the  shores  and  islets  south  of  King 
"William's  Land,  to  bring  home  the  bones  of  probably  the  latest  survivor,  Lieu- 
tenant le  "Vescomte,  but  only  to  confirm  Sir  Leopold  M'CHntoek's  opinion,  that  by 
some  sad  fatality  no  written  record  beyond  the  one  he  picked  up  at  Cape  "Victory 
existed  of  that  lost  expedition.     Yet"  the  ardour  of  Captain  Hall  was  so  little 
quenched  by  these  long  years  of  hardship  that  he  again  volunteered  for  Arctic 
labours,  and  was  again  now  striving  with  a  fresh -appointed,  expedition  to  secure  to 
his  country  the  honour  of  a  polar  exploration — Dr.  Hay,  who  had  been  sent  out  on 
Kane's  footsteps,  having  in  the  mean  time  returned;  after  carrying  up  the  investi- 
gation of  the  shores  of  Grinnel  Land,  on  the  west  side  of  Smith's  Sound,  to  the 
80th  parallel  of  latitude,  only  (^00  miles  from  the  Polo,  with  much  open  water  in 
sight.    While  our  Transatlantic  brethren  had  thus  unflinchingly  persevered  in 
Arctic  research  other  European  nations  had  not  been  idle.     Sweden  had  since  1H<  0 
sent  scientific  expedition  after  expedition  to  Spitsbergen,  not  only  to  explore  that 
region,  but  also  to  test  a  theory  of  on  open  sea  extending  beyond  it,  by  which  the 
navigator  could  reach  and  explore  the  Polar  area — that  great  unknown  space,  of 
more  than  a  million  square  miles,  lying  around  the  polo  and  within  the  HOth 
parallel  of  latitude.     Captain  von  Otler  and  Professor  TSordenskiold,  after  repented 
gallant  efforts,  reported  no  probability  of  reaching  it  in  that  direction.     Germany, 
for  ten  years,  under  the  inspiration  of  Dr.  Petermnnn,  of  Gotha,  had  boon  attempt- 
ing unsuccessfully  to  reach  these  Polar  waters  by  pacing  either  between  Spits- 
bergen and  Nova  Zembla,  or  between  Spitsbergen  and  Greenland ;  and  after  en- 
countering all  the  ordinary  perils  of  the  Arctic  voyage,  and  exhibiting  indomitable 
courage  and  perseverance,  tho  German  leader,  Captain  Karle  Koldeway,  retained 
to  tell  us  in  1S71  what  Parry,  Ross,  and  Franklin  had  told  us  half  a  Century  n»o, 
that  the  outpour  of  ice  between  Greenland  and  Spitzbergen  was  too  continuous 
and  heavy  for  any  navigator  to  push  through,  and  that  on  the  cast  of  Spitzbfrgrn 
«n  open  passage  to  the  Pole  \vas  a  mere  philosophical  dream.     Yet  that  lattt  r 
course  might  still  be  a  subject  for  geographical   dispute  had   not  two  gallant 
oiHcers  of  the  Austrian  Navy' boldly  essayed  it  fiom  Tromso,  in  Norway,  last  year. 
The  results  of  that  enterprising  little  voyage  had  been  go  recently  laid  by  Captain 
Osborn  before  the  Koyal  Geographical  Society  that  it  was  unnecessary  to  repeat  it 
here;  but  one  thing  was  certain,  that  as  they  went  northward,  and  reached  about 
the  79th  parallel  of  latitude,  to  the  cast  of  Spitsbergen,  they  were  fast  approaching 
some  unknown  land  of  which  glimpses  had  only  previously  been  obtained.     This 
land  must  block  the  passage  in  that  direction,  its  existence  accounting  for  the 
absence  ofdiift  Polar  ice  between  Nova  Zembla  and  the  North  Cape  of  Europe. 
These  same  Austrian  explorers  had  again  put  forth  with  the  intention  of  exploring 
the  sea  in  a  north-east  direction  from  No\a  /embla  along  the  shoies  of  Siberia  to 
Behring's  Straits — a  course  likely  to  yield  rich  scientific  and  geographical  results  ; 
and  wre  could  onlv  wish  them  the  "  God-speed  "  they  deserved  at  our  hands.     All 
these  efforts  by  European  nations,  barring  oure elves,  during  the  last  ten  yenrp, 
went  to  confirm  the  theory  held  now  by  nearly  all  our  Arctic  navigators,  that  the 
best,  the  safest,  and  most  promising  route  towards  tho  unknown  Pole  of  our  earth 
lay  by  way  of  Baffin's  Bay  and  Smith's  Sound;  and  by  that  route  the  President 
and  Council  of  the  Koyal  Geographical  Society  desired  to  see  English  navigators, 
associated  with  competent  men  of  science,  make  a  strenuous  effort  next  year  to 
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solve  tho  mystery  of  whether  around  our  Pole  there  lay  unknown  lands,  an  eter- 
nally frozen  ocean,  or  an  open  sea  ;  and  he  would  earnestly  call  the  attention  of  all 
lovers  of  science,  or  those  to  whom  the  honour  of  our  country  and  the  good  of  its 
naval  profession  were  dear,  to  the  "  Memorandum  on  the  llesumption  of  Polar 
Discovery,"  issued  by  the  President,  Sir  Henry  Uawlinson.  The  harvest  which  a 
properly  appointed  expedition  would  reap  from  a  scientific  point  of  view  was  incal- 
culable, with  our  present  knowledge  of  how  well  and  safely  to  navigate  and  explore 
the  Polar  regions,  as  was  proved  by  the  success  of  all  the  English  Arctic  Expe- 
ditions from  1849  to  l&V.l.  The  Government  and  the  Admiralty  h&d  recently 
shown  some  desire,  during  a  long  period  of  peace,  to  promote,  through  na^  al  expe- 
ditions, the  cause  of  science ;  and  he,  hailed,  in  the  equipment  of  JI<  r  Majesty's  ship 
6  Challenger/  under  Captain  Nares,  associated  with  Professor  \\vville  Thomson, 
a  return  to  that  wise  policy  of  our  forefathers,  which  had  added  so  much  since  the 
days  of  Cook,  Hanks,  and  Solander  to  the  sum  of  human  knowledge  and  the  glory 
of  our  country  ;  and  he  felt  sure  that  an  eariust  representation  by  the  associated 
scientific  bodies  of  Great  Jiritain,  as  representrd  by  the  British  Association,  would 
ensure  the  despatch  of  two  &mall  vessels,  properly  equipped,  in  1K73  to  Smith's 
Hound,  thence  to  return  to  us  in  a  couple  ol  years,  bringing  back  a  mass  of  infor- 
mation on  all  those  questions  of  physical  science  which  Dr.  Hooker  recently  so 
eloquently  pointed  out  could  only  be  solved  by  a  scientific  exploration  in  the  direc- 
tion recommended  by  the  Royal  Geographical  Society. 


On  the  Physical  Features  of  the  Pamir  and  its  Art/ an  Inhabitants* 
By  R.  15.  SHAW, 

The  author  gave  as  the  results  of  his  own  observations  and  inquiries,  and  those 
of  the  late  Mr.  Hay  ward  and  recent  Russian  tiavellers,  that  the  lofty  Pamir  Steppe 
was  not  a  continuous  open  plateau,  supported  by  a  meridional  range  of  mountains 
called  the  Bolor,  but  that  it  was  composed  of  a  series  of  parallel  ridges  running 
east  and  west,  united  by  high  plateaux  studded  with  lakes,  from  which  issued 
streams,  some  Homing  eastward  and  others  westward,  The  tiaditions  of  two  great 
branches  of  the  Aryan  race  pointul  to  this  region  as  their  birth-place.  At  the 
present  time  the  beautiful  valleys  west  of  the  Pamir  are  inhabited  by  a  race  totally 
ditleient  from  the  Tartar  population  both  in  appearance  and  in  language,  nn'd 
claiming  kindred  with  the  rersian-speaking  Tajiks  of  Bokhara.  They  are  of  fair 
complexion,  often  with  light  hair  and  hazel  evrs,  and  their  features  are  refined 
and  handsome.  Judging  by  the  scanty  vocabularies  obtained  by  the  author,  their 
dialects,  although  indicating  a  close  ntlinity  with  Peisian,  yet  possess  many  roots 
which  more  neaily  approach  to  Sanscrit  forms,  suggesting  the  idea  of  a  link  between 
these  two  Aryan  modes  of  speech. 

Discoveries  at  the  Northern  End  of  Luke  Tanganyika. 
By  H.  M.  STANLEY. 

Mr.  Stanley  prefaced  the  rending  of  his  paper  by  an  account  of  the  origin  of  his 
project  of  Marching  for  Dr.  Liung&tonc,  and  of  his  jouiney  to  1'jiji  and  his 
meeting  with  the  great  traveller,  an  account  similar  to  that  which  has  already 
been  made  known  to  the  public.  He  commenced  his  account  of  Tanganyika  by 
stating  that  he  was  enabled  to  fill  up  the  south-eastern  shores  of  the  lake  (at 
present  a  blank  on  our  maps)  with  rhers,  marshes,  and  mountain-ranges,  ami 
people  them  with  powerful  tribes.  From  Unyanyembe  he  passed  through  Southern 
\Vnvinxn,  Ubha  (three  marches),  the  beautiful  country  of  T'karanga,  and  then, 
crossed  the  Li  who  A  alley  to  the  neighbourhood  of  Tjiji.  At  the  time  of  his  pro- 
posing to  Dr.  Livhigotorfo  a  journey,  in  company,  to  the  northern  end  of  the  lake, 
the  Doctor  was  almost  sure  that  the  Albert  rsyuiiza  and  Tanganyika  communicated 
with  each  other.  He  had  perceived,  as  ho  tlioujzht,  a  constant  flow  northward  in 
the  waters  of  Tanganyika;  and  all  the  Arabs  and  negroes  persisted  in  declaring 
that  the  liver  Rusizi  (at  the  northern  end)  ran  vut  of  the  lake.  As  soon  as 
Mr.  Stanley  mentioned  to  him  the  interest  and  importance  attached  to  a  settle- 
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ment  of  this  question,  he  lost  no  time  in  preparing  for  the  journey.  Previously, 
as  he  stated,  he  had  not  regarded  the  subject  as  of  any  importance,  the  central  line 
of  drainage  (*.  e.  the  Lualaba)  having  absorbed  all  his  time  and  means.  Embarking 
in  a  boat,  and  travelling  northwards  from  Ujiji,  the  two  travellers  huffged  the 
coast  of  Ujiji  and  Urundi,  looking  sharply  into  every  little  inlet  and  creek  for  the 
outlet  that  was  said  to  be  somewhere.  About  fifteen  to  twenty  miles  were  travelled 
per  diem,  past  lofty  mountains,  rising  sometimes  2000  or  3000  feet  above  the  level  of 
the  lake,  and  camming  ashore  for  the  night.  Several  times  they  were  in  danger  from 
the  natives,  and  tneir  men  had  to  keep  watch  all  night,  lest  they  should  be  sur- 
prised while  asleep.  It  took  ten  days  to  reach  the  head  of  the  lake ;  on  the  oppo- 
site shore  a  mountain-range,  ever  bold  and  high,  limited  their  western  view  and 
appeared  impenetrable.  The  lake  is  of  very  great  depth  :  Mr.  Stanley  sounded  two 
miles  from  shore  and  found  no  bottom  with  620  feet  of  line  j  and  Dr.  Livingstone 
further  south,  while  crossing,  found  no  bottom  with  1800  feet  of  line.  The  moun- 
tains round  the  northern  end  fold  around  so  close,  with  no  avenue  for  the  escape 
of  waters,  save  the  narrow  valleys  and  ravines  by  which  tributary  streams  reach 
the  lake,  that  were  the  waters  to  rise  500  feet  above  their  present  level,  the  con- 
figuration of  the  lake  would  not  be  materially  altered.  The  evening  before  they 
saw  the  Rusizi,  a  freedman  of  Zanzibar  declared  (in  answer  to  tlieir  questions) 
that  he  had  been  on  the  river  the  day  before,  and  that  it  ran  out  of  the  lake.  This 
information  caused  the  two  travellers  to  deliberate  on  their  further  proceedings, 
should  they  find  a  channel  leading  into  Albert  Nyanza  j  and  they  decided  they 
would  in  that  case  follow  it  and  coast  round  its  shores,  in  the  hope  of  meeting  with 
Sir  Samuel  Baker.  The  mouth  of  the  river  was  at  length  found ;  it  was  in  a 
little  bay  about  a  mile  in  width,  and  was  masked  by  a  dense  brake  of  papyrus  and 
matete  cane.  The  entrance  was  hot  visible,  and  they  followed  some  canoes  which 
were  disappearing  mysteriously  through  gaps  in  the  brake.  Thus  they  found  tno 
central  mouth,  and  all  doubt  as  to  whether  it  was  an  effluent  or  an  influent  soon 
vanished,  for  a  strong  brown  flood  met  them,  which  tasked  all  their  exertions  to 
pull  against.  Higher  up  it  widens  into  lagoons  on  either  side.  The  alluvial  plain 
through  which  the  Rusizi  flows  into  the  lake  is  about  twelve  miles  wide  at  the 
commencement,  and  fifteen  miles  in  length,  narrowing  upwards  to  a  point.  The 
mountain-ranges  on  either  side  here  approximate  to  within  two  miles,  the  eastern 
range  passing  the  termination  of  the  western.  Further  towards  the  north-west 
there  was  a  perfect  jumble  of  mountains.  The  chief  Rubinga  (near  the  Rusizi),  who 
was  a  great  traveller  and  readily  discussed  questions  of  geography  with  the  two 
explorers,  told  them  that  the  Rusizi  rose  in  Lake  Kivo,  a  sheet  of  water  fifteen 
miles  long  by  about  eight  broad,  from  which  it  escaped  by  a  gap  in  the  mountains. 
About  twenty  miles  from  its  mouth  the  Rusizi  is  joined  by  the  Luanda,  or  Ruanda, 
flowing  from  the  north-west ;  and  there  were  besides  seventeen  other  tributary 
streams.  Rubinga  had  been  six  days  to  the  northward,  but  had  not  heard  of  a 
large  body  of  water,  such  as  Lake  Albert  Nyanza.  Baker's  lake,  therefore,  could 
not  have  the  large  extension  southward  which  its  discoverer  had  claimed  for  it. 
On  their  return  journey  to  Ujiji,  they  coasted  along  the  western  shore  of  Tan- 
ganyika, visiting  TJvira,  where  they  were  shown  the  sandy  beach  on  which  the 
canoes  of  Burton  and  Speke  had  rested.  A  little  south  of  this  rises  the  lofty  peak 
of  Sumburizi,  4500  feet  above  the  lake-level. 

Dr.  Livingstone  having  sent  home  no  map  of  his  discoveries,  or  any  material 
from  which  one  could  be  constructed,  beyond  the  descriptions  in  his  despatches, 
Mr.  Stanley,  at  the  request  of  the  President,  pointed  out,  on  a  map  of  Africa,  the 
position  of  the  rivers  and  lakes,  as  near  as  he  could  recollect;  from  the  map  he  had 
examined  while  in  Dr.  Livingstone's  company. 


On  the  Scope  of  Scientific  Geography,  illustrated  "by  Remarks  on  the  Climate 
of  British  India.    By  General  R.  STKACHEY,  F.R.S.,  F.R.G.S. 

The  author  contended  that  geography  did  not  mean  simply  adventurous  explora- 
tion, the  result  of  which  seldom  went  beyond  an  account  of  personal  adventure 
combined  with  a  bare  itinerary  5  it  was  a  scieacey  and  although  much  ,rnore  com* 
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prehensive  than  other  sciences  in  its  scope,  was  to  be  cultivated,  like  them,  by 
scientific  method.  It  had  for  its  foundation  an  exact  description  and  delineation 
of  the  relative  positions  and  characteristics  of  the  various  features  of  every  region 
of  the  earth,  which  have  then  to  be  viewed  in  relation  to  the  multitude  of 


climate,  and  inhabitants.,  and  the  inquiry  into  tlio  causes  of  these  led  us  into  a 
field  which  was  almost  conterminous  with  the  entire,  circle  of  human  knowledge. 
Such  a  Hold  might  s-iein  too  vast  for  individual  nowers,  but  it  did  not  require 
t^ptjcial  devotion  to  tho  details  of  each  branch  of  Knowledge,  but  only  tho  appli- 
cation of  the  leading  results  of  each.  Scientific  Geography,  in  fact,  formed  the 
best  possible  view  of  the  aggregate  result  of  all  the  forces  of  Nature  in  u  connected 
form.  Tho  author  then  {rave  a  sketch  of  tho  system  according  to  which,  in  his 
estimation,  geotrraphie.al  observations  ought  to  be  treated  in  order  to  comply  with 
the,  requirements  of  seiontilic  method.  lie,  confessed  that  it  might  be  difficult  to 
realize  this  ideal  in  its  completeness,  and  that  the  difficulty  might  be  thought 
insuperable  to  a  generation  that  has  not  received  even  an  elementary  education  in 
physical  science  ;  but  he  had  »rout  hopes  of  tho,  future.  In  applying  his  concep- 
tion of  geography  to  a  description  of  tho  climate  of  India,  he  showed,  by  the  aid  of 
original  diagram-maps,  illustrative  of  tho  varying  amount  of  rainfall,  tho  tempera- 
ture at  dilleront  se^on^  and  the  distribution  of  vegetation,  how  these  phenomena 
could  be  explained  as  dependent  on  each  other. 

On  the  Question  "  Is  the  Asiatic  Emu/ration  to  the  West  Indies  likely  to  be 
a  Permanent  Fact  in.  Modern  Gcoarapluj^^  By  Sir  G.  YOUNG,  Bart.)  one 
of  the  late  lloyal  Commissioners  to  British  Gulaiui. 

After  speaking  of  the  condition  of  tho  few  aborigines  still  to  be  found  in  tho 
West  Indies,  and  more  particularly  of  those,  in  British  Guiana,  the  author  de- 
scril>ed  the  state  of  tho  African  portion  of  the  population. 

The  negroes,  notwithstanding  all  the  waste  of  liie  and  moral  deterioration  induced 
by  slavery,  had  taken  root  in  the  soil,  had  been  emancipated,  and  now  formed  tho 
bulk  of  the  population  throughout  the  Antilles  and  in  Guiana.  The  census  returns 
showed  that  their  rate  of  increase  was  Aery  slow.  In  Guiana  it  was  given  at  15000 
in  ten  years,  upon  a  population  standing  in  Irtfil  at  0-3,000,  or  a  little  under 
1  per  cent,  per  annum.  lie  thought,  howe\or,  that  this  might  be  looked  upon  as 
a  temporary  depression,  and  ascribed  in  part  to  the  circumstances  peculiar  to  a 
generation  "which  had  been  nurtured  in  slavery  or  by  emancipated  ^  slaves,  and 
provided  for  In  no  masters.  The  men  were  ugorous,  the  women  prolific  ;  and  an 
impro\ement  in  the  domestic  morals  and  in  their  treatment  of  their  children,  such 
AN  might  reasonably  bo  expected  to  accompany  their  growing  material  prosperity, 
would  most  probably  restore  their  imiltiph  ing-power,  which  in  the  time  of  sla\ery 
stood  higher  than  at  present.  It  could  not  be  doubted  that  the  establishment  of 
tho  African  race  in  tropical  America  would  continue  to  be  a  fact  in  modem 
geography  j  and  what  they  had  now  to  ask  was,  whether  lhe_new  Asiatic  immi- 
gration was  of  such  dimensions  and  endued  with  such  conditions  of  permanency 
as  to  render  it  capable  of  holding  its  own  alongside  the  existing  agriculturist 
negro  population,  and  becoming  ii\  its  turn  a  geographical  fact.  Economically 
speaking,  tho  answer  was  of  the  utmost  moment.  The  Africans,  for  the  most  part, 
contented  with  tho  sweets  of  liberty,  and  iks  yet  new  to  the  stress  of  those  desires 
after  luxury  and  comfort  whic-h  impelled  free  races  to  hard  continuous  labour,  had 
long  ceaseil  either  to  reside  on  the  plantations  or  to  supply  them  with  labour 
sufficiently  regular  to  ensure  their  profitable  cultivation.  From  the  ruin  which, 
owing  to  this  and  oJher  causes,  fell  upon  tho  "British  West-Indian  colonies  twenty- 
Hvo  years  ago,  they  had  been  resuscitated  by  the  State-aided  officially  regulated 
Oriental  immigration.  Capital  had  been  drawn  to  them  afresh,  fields!  hod  been 
reclaimed,  public  works  undertaken,  and  a  new  era  of  prosperity  appeared  to  kavo 
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been  entered  upon,  owing1  to  the  introduction  of  the  Coolies.  Trinidad,  which 
formerly  stood  low  among  her  neighbours  in  point  of  enterprise  and  wealth,  had 
doubled  the  area  of  cultivation  and  the  amount  of  produce;  the  value  of  estates  in 
Jamaica  had  in  some  cases  already  doubled  since  the  Coolies,  four  years  ago,  began 
again  to  come  after  a  six  years'  prohibition.  It  would  be  asked  if  it  was  possible 
that  the  results  of  the  introduction  of  Africans  during  the  time  of  the  slave-trade 
could  bo  matched  by  the  immigration  of  Asiatic  volunteers  brought  from  a  greater 
distance  by  government  ships,  under  a  system  liable  to  be  stopped  at  the  first  outcry 
of  philanthropists,  and  so  closely  guarded  that,  as  wo  learnt  from  the  last  Ileport 
of  the  Emigration  Commissioners,  the  mortality  during  the  Middle  Passage  had  been 
reduced  to  below  20  in  the  1000,  a  better  rate  than  that  obtained  in  many  parts  of 
England.  Since  1843,  however,  137,575  East  Indians,  16,2±^Chinese,  altogether 
153,797  of  these  immigrants,  had  arrived  in  the  West  Indies,  Guiana  and  Trinidad 
between  them  taking  nearly  all  the  Chinese  and  8(>  per  cent,  of  the  Indians.  The 
average  was  5000  every  year  during  this  period  of  thirty  years  ;  but  for  fourteen 
years  of  that  time  the  immigration  was  very  imperfectly  developed,  and  occasionally 
even  stopped.  Since  18oG  the  average  had  been  upwards  of  7500  per  annum,  and 
during  the  last  five  years,  in  which  no  Chinese  had  come,  the  average  arrival  of 
Indians  had  been  7802  $  and  there  were  no  signs  that  there  would  be  any  falling 
off  in  the  number  so  long  as  the  laws  of  supply  and  demand  were  allowed  to 
operate  without  interference.  But  this  immigration  was  in  its  principle  a  tem- 
porary sojourn,  not  a  permanent  transference  of  home.  A  return  passage  was  pro- 
vided gratis  for  all  East-Indian  immigrants  who  had  resided  ten  years  in  the 
colony,  and  served  one  live  years' ,  indenture ;  and  the  Chinese,  although  their 
return  passage  was  not  paid,  were  free  to  goat  the  end  often  years,  and  they  were, 
notoriously  given  to  returning  to  their  homes  from  other  places.  These  facts,  how- 
ever, were  of  less  importance  than  they  might  at  iirst  seem,  At  the  present  time 
less  than  15,000  out  of  137,000  Indians  had  claimed  a  return  passage,  while  the 
number  of  them  who  had  already  spent  ten  years  in  the  colony  must  amount  by  this 
time  to  40,000  at  least.  The  diminution  in  tho  number  of  applications  for  a 
return  passage  in  the  last  year  or  two  was  traceable  to  the  opening  of  Crown  lands 
and  the  oiler  of  allotments  to  coolies  in  exchange  for  their  right  of  return.  Thus, 
in  Trinidad,  i^S5  time-oxpired  immigrants  had  already  received  allotments,  and 
96  others  had  purchased  1)10  acres  at  a  stipulated  price.  The  consequent  sa\ing 
to  the  colony  already  exceeded  1*4000.  The  lead  of  Trinidad  was  to  be  followed 
shortly  by  Guiana  and  Jamaica.  It  wavS  worthy  of  remark  that  the  planters,  who 
originally  opposed  the  scheme,  fearing  lest  the  coolies,  like  the  negroes,  should 
withdraw  from  plantation  labour,  now  desired  to  have  coolie  villages  in  their 
neighbourhood,  finding  that  the  freo  labourers  so  settled  were  glad  to  work  for 
them.  It  was  not  v^t  possible  to  answer  the  question  of  the  increase  of  tho 
Asiatic  population  by  statistics.  The  mortality  for  the  iirst  ten  years  was 
frightful :  the  Commissioners  lately  in  Guiana  estimated  that  it  reached  10  per 
cent,  per  annum.  In  1851  one  third  of  the  whole  number  introduced  within  six 
years  were  already  dend.  The  improved  regulations  of  tho  passage,  however,  and 
the  very  great  efforts  of  the  planters  and  Colonial  Governments,  had  brought  down 
the  mortality  to  a  mere  fraction  of  the  former  death-rate.  In  Guiana  and  Trinidad 
it  fluctuated  between  3  and  4  per  cent.  An  important  Go\  eminent  department 
was  charged  with  the  supervision  of  all  matters  in  which  the  interests  of  tho 
coolies  were  affected.  A  special  labour  law,  on  which  great  pains  had  been  spent, 
was  administered  by  stipendiary  magistrates,  in  order  to  secure  them  work  at 
fair  wages.  Medical  aid  was  provided  gratuitously,  and  no  estate  was  without  its 
hospital.  After  twenty  years  of  this  improved  and  still  improving  system,  wo 
found  in  Guiana  that,  of  a  population  of  200,000,  one  fourth,  or  40,000,  AMTO 
immigrants  from  Asia,  while  C;000  more  were  children  of  thoso  immigrants,  called 
Creole  coolies  in  the  colony.  In  Trinidad,  of  a,  population  of  130,000,  there  wero 
2  i,»500  immigrants  and  5500  Creole  coolies,  making  30 ,000  in  all.  Tho  female  sex 
was  as  yet  sadly  deficient  in  numbers.  The  Colonial  Oih'ce  insisted  on  a  minimum 
of  40  to  every  1*00  males  who  were  recruited,  and  would  increase  the  proportion 
but  for  the  extreme  difficulty  of  making  up  the  quota  without  resorting  to  women 
of  a  character  likely  to  neutralize  all  the  benefits  intended  by  their  introduction. 
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At  the  p;e^ent  time  tlnre  were  in  Guiana  women  in  the  proportion  of  42-21  to 
every  KM  miles,  showing  that  tlie  equalizing  inlluence  of  the  rising  generation 
was  b  iginning  to  tell.  At'Ler  instituting  an  interesting  comparison  of  the  velativo 
working  quaUliiHof  the  Coolies  and  Negroes,  lu  concluded  by  saying  that  he  wai 
inclined,  though^iot  without  hesitation,  to  stake  his  credit  ti*  an  oWfver  upon  the 
ultimate  predominance  there  of  the  Negro,  witli  a  reservation,  however,  in  favour 
of  tho  Chinaman,  if  the  Chinese  immigration  were  resumed. 


ECONOMIC  SCIENCE  AND  STATISTICS. 

Address  If/  Prof.  H.  FAWCETT,  M.P.,  President  of  tlie  Section. 

President  opened  the  proceedings  of  this  Section,  and  after  a  few  introductory 
rein  irks,  sai  I :— Kvery  one  has  b/en  saying  that  we  have  been  for  .some  time  past, 
and  that  w.s  are  at  the  present  moment,  enjoying  unprecedented  prosperity  in  this 
country.     Jt'  tlie  well-b  ung  of  a  nation  could  b  j  s  >My  estimated  Vv  the  amount  of 
Wealth  whirh  is  prolucud  at  home,  and  by  the  quantity  of  commodities  which  are 
imported  fVom  abroad,  it  might  be  concluded  that  KnirLind  w»is  rapidly  arriving1 
at  a  state  of  perfection,  and  tint  all  her  people  weiv  in  process  of  securing*  an  ample 
supply  of  the  necessaries  and  comforts  of  life.      Let  us  for  a  moment,  then,  ask 
whether  such  a  result  is  likely  to  be  realized  by  the  prosperity  which  at  present 
prevails.     People  are  b-'ginning  to  remark  that  prices  are  rapidly  rising;   and  it 
seems  to  be  discovered  that  the  more  prosperous  the  nation  i.s  said  to  be,  the  more 
certainly  does  an  advance  take  place  in  the  price  of  many  of  the  iirst  necessaries 
of  life.     If  we  are  told  that  never  before  was  so  much  wealth  produced,  that  never 
before  wore  the  wages  of  so  many  classes  of  labourers  so  high,  it  may  be  with 
truth  rejoined  that  never  before  were  many  articles  of  daily  consumption  so  dear. 
There  has  been  also  a  general  rise  in  house-rent.     It  is  tit  once  obvious  that  unless 
the  increased  wealth  which  is  produced  is  generally  diffused  throughout  the  nation, 
it  will  of  course  follow  that  in  consequence  of  the  rise  of  prices  some  people  may  find 
themselves  not  more  prosperous,  but  worse  oil'  than  they  were  before.     Thero"are  a 
great  many  people  whose  incomes  are  either  fixed  in  pecuniary  amount  or  are  regu- 
lated by  customs  which,  if  not  unchangeable,  require  many  years  to  be  moditied. 
Nothing  is  more  common  than,  when  a  man  dies,  to  leave  his  widow  or  his  daughters 
a  h'xed  income.     Sometimes  the  income  is  derived  from  property  which  trustees 
are  ordered  to  invest  in  some  security  such  ns  the  funds,  in  which  the  rate  of  interest 
is  fixed  ;  sometimes  the  income  is  a  fixed  pecuniary  charge  upon  some  property  or 
business.     Then,  again,  there  i.s  a  numerous  class,  such  as  half-pay  officers  and  super- 
annuated clerks,  whose  incomes  are  also  fixed.     There  an1  also  others,  such  as  clergy- 
men, clerks,  and  others,  in  the  receipt  of  salaries,  whoso  incomes  may  ultimately 
advance  if  there  is  a  general  rise  in  prices  ;  but  after  the  rise  has  taken  place,  a  con- 
siderable time  will  elap?e  before  the  advance  is  secured.     It  must  also  be  borne 
in  mind  that  although  there  may  bo  a  great  increase  in  trade,  yet  the  increase  may 
not  affect  every  business;  and  therefore  in  those  branches  of  industry  which  remain 
unchanged,  employers  and  employed  may  for  a  considerable  time  be  unable  to  secure 
any  increase  in  their  remuneration  at  all  commensurate  with  the  augmentation  in  tho 
cost  of  living.     The  operative  and  the  miner  have  secured  an  advance  of  i^O  or  30 
or  40  per  cent,  in  their  wages ;  but  it  does  not  im  ariably  follow  that  these  advancing 
profits  and  this  increase*  in  wages  should  be  at  once  accompanied  by  a  corresponding 
advance  in  profits  and  wages  in  other  industries  and  in  other  localities,     If  there  is 
a  great  increase  in  the  production  of  wealth,  accompanied  by  a  rise  in  the  price  of 
many  of  the  necessaries  of  life,  it  does  not  follow  that  all  arc  at  once  benefited; 
but,  on  the  contrary,  many  temporarily  suffer  severely.      When  trade  rapidly 
increases,  it  may  happen,  as  it  does  at  the  present  time,  that  there  is  a  transfer  of 
•wealth,  that  some  people  are  getting  poorer  as  others  are  getting  richer.    In  the 
congratulations  which  we  indulge  about  national  prosperity,  let  us  not  forget  those 
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who  not  only  do  not  at  once  participate  in  its  advantages,  but  who  actually  suffer 
in  consequence  of  it.  But  it  may  be  asked,  is  the  rise  in  prices,  which  is  now  so 
marked  a  feature  in  the  economic  condition  of  England,  caused  by  the  general 
activity  of  trade,  or  is  it  simply  an  accidental  coincidence  ?  If  nothing  occurs 
either  to  increase  the  supply  of  the  precious  metals,  or  if  no  change  in  the  method 
of  conducting  business  enables  their  use  in  many  transactions  to  be  dispensed  with, 
it  is  a  well-known  principle  of  economic  science  that  an  increased  production  of 
wealth  would  cause,  not  a  general  rise,  but  a  general  decline  in  prices.  It  has, 
however,  happened  that,  contemporaneously  with  the  great  development  of  trade 
which  has  occurred  during  the  last  twenty  years,  there  has  been  an  enormous 
increase  in  the  production  of  the  precious  metals.  It  has  been  calculated  that  the 
total  yield  of  gold  .since  the  gold  disco\  cries  in  Australia  and  California,  a  little 
more  than  twenty  years  .since,  is  about  £oOO,COO,000.  This  is  supposed  to  bo 
nearly  equivalent  to  the  entire  quantity  of  gold  existing  in  the  world  previously. 
There  has  also  been  a  considerable  augmentation  in  the  production  of  silver.  The 
effect  which  has  thus  been  produced  in  cheapening  the  precious  metals,  or,  in  other 
words,  in  of  feeling  a  general  rise  in  prices,  has  been  greatly  assisted  by  an  extended 
HFC  of  credit,  partlv  owing  to  greater  facilities  in  banking.  "When  the  gold  dis- 
coveries in  Australia  and  California  first  became  known,  many  predicted  that  theie 
would  be  a  great  and  almost  immediate  depreciation  in  the  Aalue  of  this  metal. 
This  prediction  was  not  fulfilled.  The  pold  discoveries  occurred  just  at^the  time 
when  there  was  a  great  development  of  trade,  partly  produced  by  the  introduction 
of  free  trade,  by  the  extended  application  of  steam  to  indu>try,  and  by  the  develop- 
ment of  the  railway  system.  The  additional  supplies  of  gold  were  consequently  lor 
some  time  absorbed  without  any  decline  in  its  value.  It  can  now,  however,  be 
scarcely  doubted  by  any  attentive  observer  that  a  considerable  depreciation  lias 
taken  place,  and  that  this  is  indicated  by  a  marked  rise  in  prices,  which  is  erro- 
neously supposed  to  be  due,  not  to  this  cause,  but  to  a  general  activity  in  trade. 
The  rise  in  prices  which  has  taken  place  since  lKr)0  is  estimated  by  eminent 
authorities  as  not  less  than  40  or  50  per  cent.  This  ciieumstance  partly  accounts 
for  the  fact  that  the  augmentation  which  has  taken  place  in  the  production  of 
wealth  has  not  produced  a  greater  and  more  perceptible  influence  upon  the  general 
well-being  of  the  country.  If,  for  instance,  we  discover  that  during  the  past  year 
10  per  cent,  more  wealth,  estimated  in  money,  was  produced  than  in  the  previous 
year,  and  if  during  the  same  period  there  has  been,  owing  to  a  depreciation  in  the 
value  of  the  precious  metals,  a  rise  in  prices  of  5  per  cent.,  it  is  at  once  obvious 
that  one  half  of  this  supposed  increase  of  wealth  is  not  real,  but  simply  nominal, 
because  all  commodities  have  advanced  5  per  cent.  It  is  not,  of  course,  intended 
to  be  implied  that  there  has  not  been  a  large  and  real  increase  in  the.  production  of 
wealth.  It  is,  however,  important  not  to  omit  the  deduction  to  which  allusion 
has  just  been  made,  lint  the  reason  which  induced  him  to  refer  to  the  present 
general  rise  in  prices  was  threefold.  In  the  first  place,  he  wished  to  point  out  the 
hardship  and  suffering  which  it  will,  at  anvrate  for  a  time,  cause  to  certain  sections 
of  the  community;  secondly,  to  show  what  precautions  should  be  taken  in  order, 
as  far  as  possible,  to  mitigate  the  influence  of  a  similar  cause  in  future ;  and, 
thirdly,  to  draw  the  practical  conclusion  that  at  the  present  time  certain  classes 
who  are  most  unfavourably  affected  by  the  peculiar  economic  circumstances  of  the 
country  are  the  very  people  upon  whom  me  burden,  both  of  imperial  and  local 
taxation,  falls  with  peculiar  severity  and  inequality.  Hut  it  may  probably  be  snid, 
is  not  the  present  advance  in  prices  temporary  ?  Is  there  any  possibility  that  it 
can  continue  and  increase  ?  In  answer  to  such  inquiries,  it  would  be  presumptuous 
to  give  a  positive,  dogmatic  answer.  There  is  probably  no  subject  on  which  it  is 
more  hazardous  to  prophecy  than  on  the  future  yield  of  the  precious  metals.  Some 
people  may  argue  that  the  yield  of  gold  from  Australia  and  California  cannot  be 
maintained.  On  the  other  nand,  it  may  be  urged  with  equal  plausibility  that  the 
yield  of  gold  may  be  greatly  increased  as  labour  in  these  countries  becomes  more 
plentiful,  and  as  improved  methods  of  mining  are  introduced.  Without,  however, 
attempting  to  decide  between  these  two  opposite  opinions,  we  will  adopt  a  middle 
course,  and  assume  that  about  the  present  yield  will  be  maintained.  If  this  should 
be  the.  case,  it  cannot  be  doubted  that  there  will  be  a  steady  depreciation  in  the 
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value  of  the  precious  metals,  and  a  corresponding  advance  in  general  prices;  and  it 
is  obvious  that  if  the  rise  in  prices  should  continue,  the  loss  which  will  be  endured 
by  those  in  receipt  of  fixed  money-incomes  will  also  continue.     This  being  the 
case,  we  arrive  nt  the  second  of  the  three  points  enumerated,  and  we  have  to  seek 
a  reply  to  the  important  practical  question — What  can  be  best  done  to  mitigate 
the  consequences  resulting  from  such  a  loss  ?     One  or  two  practical  conclusions 
may  bo  ventured  upon.    In  the  first  place,  it  is  hazardous  to  tie  down  trustees  or 
executors  to  invest  money  in  some  security  in  which  the  rate  of  interest  is  fixed. 
If  the  monoy  is  invested  in  any  kind  of  property,  or  in  shares  which  represent  pro- 
perty, the  money  value  of  the  property  and  oi'  the  shares  will  advance  with  the 
rise  in  prices.     Workmen  and  others  who  can  only  make  very  small  investments 
from  time  to  time  may,  it  is  thought,  ha>e  a  great  dim'culty  in  'finding  such  invest- 
ments as  those  just  recommended.      It  is,  how^  er,  at  once  e\  ident  that  if  tlu  y  pur- 
chase their  dwelling-house  by  joining  a  building  society,  or  if  tlu-y  invent  their 
money  in  shares  in  some  cooperative  undertaking,  they  would  avoid  the  risk  of 
finding  the  value  of  their  .savings  depreciated  by  a  depreciation  in  the  value  of 
money  ;  and  this  risk  they  would  run  if  they  set  aside  a  weekly  sum  to  purchase 
an  annuity  to  commence  some  years  hence.     It  may  seem  that  some  of  thc^e  sug- 
gestions allbrd  an  argument  against  life  insurance ;  but  this  is  really  not  the  caee 
if  a  judicious  choice  of  an  office  is  made  by  those  who  insme.     Many  offices  divide 
their  profits,  over  a  certain  iixed  percentage,  among  the  policy-holders.    If,  there- 
fore, the  money  is  judiciously  invested  by  the  company,  the  money  lalue  of  their 
property  will  increase  with  the  rise  in  prices;  consequently  the  amount  to  be  dis- 
tributed among  the  policy-holders  will  increase,  and  will  afford  a  compensation  for 
the  diminution  in  the  purchasing-power  of  the  policy  when  it  is  paid.     The  third 
point  to  which  he  wished  briefly  to  direct  attention  is  the  following: — In  the 
present  circumstances  of  the  country,  the  possessors  of  small  iixed  incomes  are 
those  who  participate  least  in  the  advantages  resulting  from  activity  of  trade,  and 
are  also  those  who  suffer  most  from  the  present  rise  in  prices :  and  there  is  no  class 
upon  whom  the  burdens  of  local  and  imperial  taxation  probably  fall  with  so  much 
severity.     As  examples,  take  a  widow,  a  clerk,  a  curate,  or  a  half-pay  officer,  with 
an  income  of  £200  a  year.     They  are  liable  to  the  income-tax.     The  income-taxis 
not  only  made  a  permanent  part  of  our  fiscal  system,  but  a  precedent  was  set  last 
year  for  defraying  exceptional  expenditure  by  means  of  the  income-tax.     No  class 
probably  has  to  spend  so  large  a  proportion  of  their  income  in  house-rent ;  and  it  is, 
after  all,  upQii  the  occupiers  of  houses  that  by  far  the  most  crushing  effect  of  local 
taxation  falls.   I  hit  the  most  serious  injustice  that  seems  to  be  done  them  is  associated 
with  our  poor-law  system.     In  those  branches  of  industry  which  are  exceptionally 
prosperous  enormous  piofits  are  reali/ed,  and  a  <>reat  advance  in  wages  is  secured. 
The  additional  wages  are,  to  a  jireat  extent,  spent  and  rot  saied.     They  are  spirit 
in  the  purchase  of  more  beer,  spirits,  meat,  butter,  or  the  other  articles  of  daily  use. 
The  price  of  some  of  these  aiticles  advances  with  this  extra  demand,  and  the 
possessors   of  fixed  incomes  suffer  accoidingly.     No  one  would  suppose  that  ho 
(Prof.  Fawcett)  did  not  rejoice  in  seeing  the  worknuni  receive  a  better  remuneration 
for  his  labour,  and  have  an  ojiportunitv  of  enjoying  more  kiMire.     Hut  if  his  extra 
wages  are  all  spent,  and  nothing  is  lait\  by,  what  may  happen?     Why,  trade  may 
become  dull.   Instead  of  there  being-  the  present  demand  for  labour,  tons  of  thousands 
of  hands  may  have  to  be  discharged.     Nothing  Iwing  been  sa\rd  in  prosperous 
days,  how  will  they  live  without  work  *     They  will  be  able  to  claim  the  right  to 
be  maintained  out  of  the  rates,  to  no  small  extent  contributed  by  the  very  class 
(the  possessors  of  small  fixed  incomes)  who  do  not  now  share  in  the  present  pros- 
perity, and  who  find  the  cost  of  living  increasing.     This  is  the  injustice  to  which 
fie  alluded.     Not  only  does  this  injustice  exist,  but  there  is  reason  to  fear  that  it 
may  be  increased.     ITiere  is  a  general  feeling  at  the  present  dav  that  the  burdens 
of  local  taxation  press  unfairly  on  certain  classes.     Admitting  that  some  reform  is 
needed,  it  must  be  borne  in  niind  that  unless  we  are  careful  wo  shall,  in  striving 
after  greater  equality,  secure  greater  inequality.     Some  have  gone,  so  far  as  to 
suggest  that  there  should  be  a  national  poor-rate,  or,  in  other  words,  that  the  sup- 
port of  the  poor  should  be  made  an  imperial  charge.     But  even  if  such  an  extreme 
proposal  aa  ft  national  poor-rate  is  not  carried  out,  there  is  ci  demand,  influentially 
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urged,  that  many  local  charges  should,  in  part  at  least,  bo  defrayed  out  of  the 
Consolidated  Fund.  Without  now  attempting  to  decide  whether  such  a  proposal 
ought  to  be  carried  out,  it  should  be  remembered  that  two  very  serious  dangers 
are  associated  with  it,  which  ought  certainly  to  be  most  carefully  guarded  against. 
In  the  first  place,  local  authorities  think  that  public  money  is  no  one's  money,  and 
consequently  localities  would  vie  with  each  other  in  getting  as  much  out  of  the 
Consolidated  Fund  as  possible.  He  had  felt  it  his  duty,  on  more  than  one  occa- 
sion, to  warn  people  against  supposing,  as  they  sometimes  seem  to  do,  that  the 
Consolidated  Fund  is  a  great  source  of  wealth,  kept  perennially  supplied  by  tho 
spontaneous  bounty  of  nature.  The  Consolidated  Fund  represents  taxation.  If 
more  money  is  obtained  from  the  Consolidated  Fund  for  local  purposes,  what  new 
taxes  is  it  proposed  to  levy  ?  or  which  of  the  existing  taxes  is  it  proposed  to 
increase?  This  question  will  be  answered  by  the  electors,  the  majority  of  whom 
are  not  the  payers  of  income-tax.  They  have  been  encouraged  by  what  has  been 
done  in  the  past  to  throw  the  whole  extra  charge  on  the  income-tax ;  and  the 
income-tax  would  fall  with  the  greatest  inequality  upon  the  possessors  of  small 
fixed  incomes,  who  are  placed  in  the  most  unfavourable  position  by  the  general 
economic  circumstances  of  tho  country.  Allusion  has  abendy  been  made  to  a 
remarkable  rise  of  prices  which  is  going  on  at  the  present  time.  So  far  as  tho 
increasing  dearness  of  commodities  is  due  to  such  natural  causes  as  the  demands  of 
a  larger  population,  it  would  be  neither  possible  nor  desirable  to  attempt  to  control 
it.  Indications,  however,  are  not  wanting  that  the  cost  of  producing  many  com- 
modities may  bo  artificially  augmented  by  the  incessant  demands  which  are  con- 
stantly being  put  forward  for  mischievous  legislative  interference  with  industry. 
If  we  had  time  to  examine  the  various  measures  that  were  introduced  into  Parlia^ 
ment  last  year,  and  the  various  measures  with  which  we  are  threatened  next 
Session,  it  would  not  bs  difficult  to  show  that,  unless  wo  are  very  careful,  industry 
will  be  hampered  by  State  interference  much  in  the  samo  way  as  a  machine  would 
be  if  8and  were  thrown  among  its  wheels.  Such  lessening  of  industrial  efficiency 
would  increase  the  cost  of  producing  commodities,  and  the  great  mass  of  the  people 
would  have  greater  difliculty  than  they  have  now  in  obtaining  either  a  sufficiency 
of  the  necessaries  or  an  adequate  supply  of  the  comforts  of  life. 


On  the  Pollution  of  Rivers. 
By  Major-Generul  Sir  JAMES  E.  ALEXANDER,  F.R.S.E. 


Statistics  regarding  the  Attendance  and  Education  of  Girls  in  the  Elementary 
Schools  of  Manchester*.     By  LYDIA  E.  BECKEK. 

In  a  recent  speech  at  Willis's  Rooms,  the  Bishop  of  London  is  reported  to  have 
said,  "  In  the  lower  classes  the  girls  were  as  well  provided  for  in  the  matter  of 
education  as  the  boys."  This  statement  appears  to  be  one  of  those  comfortable 
delusions  by  which  men,  who  do  not  caro  to  discuss  what  are  called  women's 
rights,  blind  themselves  to  tho  actual  condition  of  the  feminine  portion  of  the  com- 
munity. Tho  education  and  remuneration  of  the  teachers  of  girls  prescribed 
by  the  code  of  the  Education  department  are  inferior  to  those  of  the  tonchois  of 
boys,  and  consequently  an  inferior  quality  of  instruction  is  the  natural  result. 
Besides  these  disadvantages,  which  operate  uniformly  over  the  land,  there  are 
others  which  may  vary  according  to  the  character  of  tho  population  and  of  the 
district.  There  is  a  general  belief  that  education  is  less  desirable  for  girls  than  for 
boys.  More  schools  are  provided  for  boys  than  for  girls.  Girls  are  more  frequently 
kept  at  home  to  attend  to  nursing  or  household  labour  than  boys.  The  oprr.-ition 
of  these  causes  is  strikingly  shown  in  the  experience  of  the  School  Board  of  Man- 
chester. The  number  of  children  to  be  provided  with  school  accommodation  in 
the  district  of  Manchester  is  (according  to  the  calculation  adopted  by  the  Educa- 
tion department,  namely  one  sixth  of  the  population)  68,557,  consisting  of 

*  Printed  in  extenso  in  the  '  English  man's  Review,1  October  1872. 
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Subject  of  Lesson. 

Number  of  children  in  each  subject 
receiving  instruction  therein, 

Boys, 

Girls. 

Infants, 

Total, 

Geography  .  ,  , 

4295 
1070 
3517 

20x3 
730 
1710 
8100 
120 
180 
218 
20 
6 

iio 

*88 

1074 
1070 

2GO 

0378 
2800 
5227 
0234 
1349 
1210 
1478 
112 
21 
72 
270 
124 
70 
405 
210 
10 

History 

Grammar*,  ,  ,  , 

Needlework  .  . 

Object  Lessons    ...,.,. 

150 
707 
12GO 
02 
10 
72 
270 
124 
70 
2G5 
210 
10 

Hinging  by  Note  

Drawing-  

Bookkeeper 

Composition    , 

Geometry  and  Mensuration  . 

Algebra    «  ,  

Euclid  

Animal  Physiology    , 

Natural  Philosophy    

Political  and  Social  Economy  

The  result  is  to  show  that  in  these  elementary  schools  the  boys,  after  mastering 
the  mechanical  and  preliminary  subjects  of  reading  and  writing  are  allowed  an 
introduction  into  matters  which  have  a  tendency  to  enlarge  their  mental  view. 
Tlu»,  girls,  instead  of  partaking  in  these  advantages,  are  occupied  with  the  practice 
of  needlework.  The  School  Board  of  Manchester  gives  comparative  discourage- 
ment to  the  education  of  girls  by  its  by-law,  which  fixes  the  fee  to  bo  paid  for 
girls  at  only  three  fourths  that  of  boys.  The  following  Table  shows  the  amount  of 
school  fees  paid  during  one  year  for  boys  and  girls  respectively  : — • 


Quarter  ending 

Boys. 

Girls, 

Infants. 

Mixed, 

Total. 

Sopt  1,  1871  .... 

£     s.     (I 
<V,3  17    0 

£      8.       <J. 

128  15     1 

£    s.    (I 
21G  10    G 

£    s.    d. 
124    5    5 

£     s.     d. 

723  17    0 

Dec.  1,  1871    .... 
March  1,  1872    .  . 
May  31,  1872,,., 

2f>>     1     8 
226  17    8 
242    0    4 

141    5    4 
132     4     G 
120    4  10 

217  1G    6 
211     5     8 
2GO    9    G 

98  13  11 
84  13  10 
122  11     2 

712  17    4 
655    1    8 
7GO  14  10 

078    C    2 

528    0    0 

015  11     1 

430    4    4 

2852  11    4 

The  number  of  school  orders  granted,  and  of  attendances  made,  show  an  equally 
unsatisfactory  result  as  regards  girls.  Tho  figures  refer  to  the  poorest  classes  of 
the  people,  as  the  orders  are  only  granted  in  cases  where  the  parents  from  poverty 
are  unaulo  to  pay  the  school  fees  ; — • 

1872.  16 
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Nine  months  ending  May  31,  1872. 

Boys. 

Girls. 

Infants. 

Mixed. 

Orders  granted   ...••«.•>  •  «  

5,802 

4,775 

9,208 

3,320 

5,120 

4,025 

8,053 

2,910 

Per  cent,  of  orders  not  used  

1.3-00 

15-70 

12-54 

12-34 

Attendances  possible  

•\8~>?M 

.SHI  ,054 

77;>,722 

278,05.°, 

255,',  KX) 

51.2,442 

201,807 

Per  cent,  of  possible  attend,  made  .... 

75-57 

07-15 

72-00 

72-57 

Tlio  writer  suggested  (1)  that  no  girl  bo  exempted  from  full-time  school  attend- 
ance unless  it  be  shown  that  her  labour  is  absolutely  necessary  for  the  support  of 
the  family ;  (2)  that  in  every  case  where  a  girl  is'cxempted  from  attendance  at 
morning  school,  it  should  be  a  condition  that  she  be  exempted  from  needlework  at 
afternoon  school,  and  the  whole  of  her  school  time  devoted  to  intellectual  exercises. 


The  importance  of  providing  additional  facilities  for  tlie  Instruction  of  School- 
Board  Pupils  in  the  Higher  Brandies  of  Knowledge,    By  C.  G.  BUNTING. 

The-  Elementary  Education  Act,  spite  of  its  deficiencies,  will  vet  be  regarded  as 
one  of  the  greatest  benefits  ever  conferred  by  Parliament  upon  tfio  country. 

Having  laid  the  foundation  of  a  sound  elementary  education  and  made  provision 
for  its  attainment,  it  is  time  to  consider  what  steps  shall  be  taken  to  provide  for 
those  scholars  who  shall  make  the  best  use  of  the  advantages  now  placed  within 
their  reach  the  means  of  obtaining  further  instruction  in  the  subjects  now  desig- 
nated " extra"  by  the  Education  department. 

The  power  given  to  School  Boards  to  exempt  from  compulsory  attendance  sncft 
Children  as  may  pass  examination  in  a  specified  standard,  though  attended  with 
feome  advantages,  is  a  great  drawback  to  progress  in  the  advanced  "subjects.  It  docs 
not  seem  right  to  reward  a  scholar  for  proficiency  in  obtaining  knowledge  by 
helping  him  to  withdraw  from  the  opportunity  of  adding  to  it.  Such  reward  ought 
rather  to  be  facilities  for  additional  instruction. 

In  each  School-Board  district,  Government  scholarships  should  be  open  to  all 
students  in  advanced  subjects.  The  examination  upon  which  the  attainment  of 
a  scholarship  would  depend  should  be  conducted  in  such  a  manner  as  to  ensure 
its  possession  being  regarded  as  a  high  honour.  It  ought  to  be  supplemented  by 
some  useful  prize,  which  should  be  presented  to  the  successful  candidate  at  a  gather- 
ing of  members  of  school  boards,  school  managers,  and  parents  of  the  scholar. 
Such  scholarship  should  secure  to  its  possessor  the  advantage  of  a  sound  university 
education,  for  which  it  may  be  necessary  to  establish  some  half  dozen  colleges  in 
different  parts  of  the  kingdom.  The  scholarship  should  secure  the  right  to  three 
years'  residence  in  one  of  these  colleges  (provided  it*  holder  passes  a  yearly  exami- 
nation) and  instruction  in  the  higher  branches  of  science,  art,  and  literature  from 
some  of  the  most  proficient  teachers  the  Government  could  secure.  Each  stu- 
dent who  shall  pass  a  special  examination  at  the  end  of  his  three  years'  courses 
shall  be  entitled  to  a  fellowship  worth  from  £80  to  £100  annually,  to  be  held  till 
he  obtains  employment  at  a  salary  equal  in  worth  to  such  fellowship.  Its  possession 
ought  always  to  be  considered  a  qualification  for  the  civil  service.  As  this  fellow- 
ship would  be  regarded  as  the  "blue  ribbon  "  of  school-board  educational  contests, 
the  author  suggested  that  it  might  be  presented  at  the  annual  meetings  of  tho 
British  Association  by  the  President  for  the  time  befog. 

On  International  Decimal  Coinage.    By  HERBERT  BTJRGESS. 
The -writer  assumes  that  the  establishment  of  an  international  coinage  is  simrfv 
a  question  of  time,  also  that  any  such  coinage  will  be  decimal.    He  then  points 


TRANSACTIONS  OTf  THE  SECTIONS,  223 

out  that  there  are  now  in  use  two  systems  of  decimal  coinage — tho  French,  based 
OH  iho  franc,  and  the  American,  based  on  the  dollar;  live-  dollars  being  equal  to 
twenty  shillings  and  ten  pence,  and  twenty-iivo  francs  to  nineteen  shillings  and 
seven  penco^one  standard  of  \uliie  being  thus  slightly  above,  and  tho  other  slightly 
below  the  English,  llo  gives  the  preference  to  the*  former  of  these  two  system*, 
but  considers  that  one  better  than  either  may  bo  formed  from  our  EnglieJi  cuiusij-r, 
by  doubling  our  pound  for  the  largest  unit  and  dividing  l>y  10,  100,  and  1000, 
making  four  coins  of  account  of  the  respective  values  of  40$.  and  4^.  and  nearly 
&<?.  and  \d.  These  four  coins  he  has  named  arch  (from  the  Greek  dpx^  {U1(^  Jia 
used  in  monarch  &c.),  dor  (French  d'or,  golden),  silver  pinny,  and  an  (old  English 
one),  but  lays  no  stress  on  these  names)  which  he  does  not  consider  an  essential 
point. 

These  coins  (except  the  smallest)  he  would,  for  convenience  of  currency,  dh  ide 
into  halves  and  quarters,  making  altogether  four  gold  coins=40s.,  20.s\/10x,  4*., 
four  silver  coins =2«.,  H,  &/.,  2Jf/.,  and  one  bron/e  coin=r-Jf/v  thus  using  the  chief 
part  of  our  present  issue  without  alteration*  the  only  coins  that  could  not  be  used 
being  the  half-crown,  the  sixpence,  and  tho  fnnrpenny  and  threepenny  pieces ; 
the  bronze  -penny  might  bo  allowed  to  go  gradually  out  of  circulation,  no 'new  ones 
being  coined.  That  despised  nnd  troublesome  coin t  the  farthing,  would  be  abolished 
altogether,  the  experience  of  both  Franco  and  America  allowing  that  no  coin  so 
small  is  necessary;  the  smallest  <*nin  in  circulation  would  ngree  with  the  smallest 
denomination  of  account,  as  it  now  does  in  America  but  not  in  France,  while  tho 
largest  would  also  agree  with  the  largest,  as  it  now  does  not  in  either  France  or 
America. 

The  actual  values  of  tho  coins  of  different  countries  would  be  made  to  agree, 
by  being  raised  or  lowered  as  each  ease  requires ;  but  as  the  English  values  hold 
tho  medium  place,  and  her  pound  sterling  is  a  value  universally  well  understood 
and  appreciated,  and  she  herself  is  the  acknowledged  centre  of  the  commercial 
world,  her  standard  seems  to  be  the  most  natural  and  advantageous  that  can  be 
chosen. 

The  French  mint  might  raise  the  values  of  its  coins  to  accord  with  ours,  by 
reasing  to  charge  a  seignoragc  for  coining,  but  giving  to  each  coin  a  weight  ot*  its 
full  value  in  bullion  as  is  now  done  in  England  :  this,  if  universally  adopted,  must 
greatly  facilitate  transactions  in  bullion,  as  its  value  would  be  exactly  expressed 
by  its  weight  in  coin. 

*  Our  English  accounts  would  bo  converted  into  the  new  denominations  by  divid- 
ing the  pounds  by  two,  the  shillings  by  four,  and  the  pence  by  five,  adding  one  an 
for  every  shilling  reduced  to  pence  for  the  purpose  of  division. 

The  trench  accounts  would  require  simply  dividing  by  iive;  the  American  only 
that  the  decimal  point  should  be  shifted  one  tignre  further  back ;  for  example  :— 


£      *. 

English    .,..43    17 
Kew  accounts  21'942 


franc*,  centimes. 

French 1007      10 

New  accounts  21  '942 


dols.  cents. 

American 219    42 

New  accounts  21-942 


In  cases  where  smaller  sums  are  required  to  be  represented,  as  in  marked  quo- 
tations &c.,  the  decimal  point  might  be  used;  thus,  B^7,=17'5  ans,  8g«/.ss]G75 
ana,  8.,V/.  =  1C'7  ans.  This  is  one  particular  in  which  this  system  would  have  an 
advantage  over  any  based  on  the  French  franc  and  centime,  which  latter  is  a  coin 
much  too  email  to' be  used,  yet  not  email  enough  for  quotations  ;  as,  for  instance, 
in  the  cotton  market,  where  -^ths  are  often  quoted.  Another  point  is  that  the 
largest  denomination  would  make  a  very  handsome  and  convenient  gold  coin 
(about  the  size  of  our  ilorin),  on  the  other  side  neither  10  francs  nor  100  francs 
would  make  a  good  coin  for  tho  largest  in  circulation,  one  being  too  small  and  the 

Again,  tho  Hussian  accounts  would  bo  brought  into  accord  with  the  4*.  unit 
more  easily  than  with  the  ten-franc  unit,  the  rouble,  «&.  !</.,  being  (near)  threo 
miarters  of  the  former,  while  it  is  three  eighths  of  the  latter,  which  latter  propor- 
tion is  one  not  readily  understood  nor  easily  calculated  by  the  mass  ol  the  people. 
This  remark  applies'also  to  tho  Geiman  coinage  based  on  the  thaler,  =  J*.  llrf 
The  Austrian,  based  on  the  florin,  would  also  be  with  no  great  difficulty  converted 
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into  that  here  propose  1,  two  florins  being  equal  (nearly)  to  the  second  unit,  the  dor, 
and  twenty  to  the  largest,  the  arch. 

The  system  here  advocated  will  be  seen  to  be  much  better  suited  for  larg^ 
accounts  than  is  that  of  the  Americans  (which  is  thought  by  them  destined  to 
replace  all  others),  yet  so  near  an  approach  to  it  as  to  mako  it  very  easy  for  thorn 
to  convert  theirs  into  it :  it  would  also  bo  a  much  easier  change  for  France  than 
the  adoption  of  her  system  would  be  for  u^. 

Many  countries  have  now  in  IHO  coins  nearly  agreeing  with  some  lioro  proposed ; 
indeed  there  is  a  remarkable  scrim  of  coins  very  near  in  value  to  the  proposed 
dor,  4s\  This  approximation,  though  of  no  use  for  international  purposes,  which 
would  require  exact  agreement,  would  avoid  any  great  disturbance  in  the  internal 
commerce  of  each  country— the  new  coins  agreeing  so  nearly  with  the  old  that  one 
would  be  commonly  accepted  as  equivalent  to  the  other,  as  our  bronze  pennies  aro 
taken  as  of  the  same  value  as  the  copper  coins  which  they  have  replaced,  although 
intrinsically  worth  less.  

On  Polygamy  as  affecting  Population.     By  HYDE  CLAIIKK,  F.S.S. 

By  the  investigation  of  new  facts  obtained  from  the  lives  of  the  Turkish  Sultans, 
and  the  kings  and  princes  of  Europe,  it  was  proved  that  polygamous  individuals 
do  not  produce  a  larger  permanent  progeny  than  the  monogamous,  and  that  popu- 
lation is  not  increased  by  the  union  of  one  man  with  a  large  number  of  women, 
but  limited  by  the  law  of  fecundity  in  man.  Although  the  total  number  of  births, 
the  offspring  of  one  man,  maybe  large, and  cases  wore  cited  of  above  one  hundred, 
the  progeny  surviving  in  his  lifetime  or  perpetuated  afterwards  in  no  case  exceeds 
that  of  a  man  married  to  ono  woman  at  a  time  or  successively.  It  was  further 
suggested  that  an  element  in  the  perpetuation  of  polygamous  issue  is  intermarriage 
with  the  offspring  of  the  monogamous. 


Suggestions  for  improving  and  c.vtfwliny  our  National  Accounts  ;  Icing  a 
continuation  of  Mr.  Fellows  s  Paper  read  at  the  Eduilyuryh  Meeting,  "  On 
a  proposed  Doomsday  Bool',  ijv.v  Jly  FHVXK  P.  FELLOWS,  F.8.X. 

This  paper  commenced  by  assuming  that  the  previous  suggestions  of  the  author 
*'  On  a  proposed  Doomsday  Book,  giving  the  Value  of  Governmental  Property  as  a 
basis  for  a  sound  system  of  Accounts,"  would  be  endorsed  by  the  present  Meeting, 
and  that  it  was  not  therefore  necessary  again  to  discuss  them.  This  the  author 
assumed  because  the  Statistical  and  Economic  Section  of  the  British  Association 
had  at  Edinburgh,  after  the  reading  of  that  paper,  unanimously  passed  the  follow- 
ing resolution,  which,  as  it  also  stated  the  groundwork  of  that  paper,  was  given 
here,  as  forming  the  text  or  commencement  of  the  paper  about  to  be  read.  The 
resolution  was  as  follows  : — • 

"  That  this  meeting  having  heard  NY.  Frank  P.  Fellows's  paper  on  a  proposed 
Doomsday  Book,  giving  the  value  of  national  Government  property  as  a  basis  of  a 
sound  system  of  national  finance  and  accounts,  desires  to  urge  upon  the  Govern- 
ment the  great  importance  of  the  subject,  and  would  strongly  recommend  that 
measures  be  taken  to  inquire  into  and  report  upon  the  question,  The  Meeting 
desires  ^  further  to  express  its  opinion  that  each  Government  department  should 
have,  like  railway  or  other  public  companies,  a  capital  and  a  current  account, 
without  which  it  deems  it  impracticable  to  have  a  reliable  system  of  finance  and 
accounts,  and  would  suggest  that  a  scheme  of  accounts  should  be  introduced  by 
which  a  unity  may  be  established  between  the  Parliamentary  finance  and  depart- 
mental expense  or  other  accounts,  in  order  that  the  various  sums  voted  by  the 
House  of  Commons  may  be  traced  to  their  ultimate  appropriation  in  statistical 
results,  and  so  that  greater  control  may  be  obtained  over  the  national  expenditure, 
and  that  the  President  (Lord  Neaves)  be  requested  to  communicate  this  resolution 
to  the  Government  authorities." 

This  was  moved  bv  Sir  John  Bowring,  F.R.S.,  and  was  seconded  by  Mr,  II,  \V. 
tfreeland,  late  M.P.  for  Chichester,  and  was  carried  unanimously, 
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After  briefly  recapitulating  the  main  points  of  the  paper  read  at  tlio  Edinburgh 
Mec'ting-  hist  year,  viz.  <4  GJI  a  pioposed  Doomsday  JJook,  phing-  the  Value  of 
Uovernniental  Property  as  tlio  basis  lor  a  pound  system  of  National  Accounts,"  the 
paper  proceeded  to  develop  still  further  tlio  author's  wows  as  to  the  manner  in 
which  Government  departmental  accounts  should  be  prepaied  for  the  infoiinatL  n  of 
Parliament.  Jn  the,  paper  lend  at  Edinburgh,  it  "\\as  suggested  by  the  author  that, 
in  addition  to  the  main  proposal  of  the  paper,  a  J)oonisday  Uoek  of  National  (as 
distinguished  from  C<overnihental)  property  might  al.-o  he  compiled  after  the 
manner  of  the  old  Doomsday  Jlook  of  \\  illijtui  the  Conqueror ;  and  this  minor  sug- 
gestion had  been  advocate  tl  h}  tho  *  Spectator J  and  other  influential  papers  and 
also  by  Kail  Derby,  and  there"  seuncd  tome  probability  of  its  being  carried  into 
effect. 

The  great  object,  however,  of  the  main  pi  open  al  (i.e.  of  hn\imjr  a  Doomsday 
Hook  giving1  the,  -value  of  Government  piopeiU)  was  to  obtain  then  by  the  basis 
of  a  pood  system  of  Pailiamentaiv  »nd  Depaitmeutal  account-,  by  which  expendi- 
ture lor  tlio  current  purposes  of  tlic  >ear  might  be  disth)gin>.hed*frcm  expenditure 
which  really  went  to  increase  the  capital  of  the  Uo^s  eminent— ^hieh,  for  instance, 
went  to  increase  its  laud,  buildings,  stores,  &c. 

It  was  urged  th.it  there  could  bo  no  tilicient  check  on  expenditure  or  the  results 
of  expenditure  by  Parliament  if  disbursements  forcnpital  and  tor  current  purposes 
were  not  cloaily  distiimiii.-hed,  as  departments  might  obtain  from  the  House 
,1-10,000,000  and  expend  either  £1 1,000/K'O  or  only  0,000,000,  simply  because  the 
extra  million  might  be  obtained  by  rulueinjr  tlie  capital  (i.e.  plant,  buildings, 
stores,  &c.),  or  by  not  maintaining  tlieui  to  their  Usual  -value,  andthus  £11,000,000 
be  spent  fore  urrcnt  purpo-< .  ;  or  C1,OM,<X)0  extra  might  be  expended  for  increasing 
the  capital  (in  plant,  buildings,  .store,,,  &s.)  of  the  department,  and  thus  only 


,U),000,000  bo  spent  for  the,  current  purposes  of  the  )car  in  question. 

The  author  pointed  out  in  detail  how  the  various  dopaitmental  accounts  should 
1m  compiled,  so  a^  to  gh  e  the  heads  of  IK  paitments  and  Pailiameiit  greater  control, 
fo  that  they  might  "see  not  merely  that  the  money  was  disbursed  to  the  proper 
lecipients,  and  that  there  wa*  no  iiuilappropriation,  but  that  they  ha\e  -value  for 
the  money  expended— that  is,  Kxp<  use  or  Statistical  accounts  of  some  kind  (and 
the  author  pointed  out  how  this  could  be  dime)  should  be  compiled  to  show  the 
results  of  expenditure.  m  . 

To  object  to  tlio  expense  of  obtaining  this  inclination  appeared  like  objecting 
to  hu\e  reins  to  dine  the  coach  on  account  of  the  expense  of  such  reins,  and 
electing'  to  let  the  horse  and  coaih  take  their  o\\n  course. 

In  illustration,  the  author  pointed  out  that  lch\n  n  the  >ears  1HW  and  ISMi  ho 
had  discovered,  and  Mr.  Seeh  had  mcntk-nt  d  in  the  House  of  luminous  about 
thirtv  ships  which  had  been  repaired  during  that  time  by  the  Admiralty,  the  cost 
of  such  repairs  being  about  equal  to  the  sum  for  AS  Inch  similar  new  ships  could 
have  been  bought.  It  wa>  a  rough  rule  with  shipbuilders  that  an  old  repaired 
ship  was  worth  about  half  as  much  as  a,  Hiuilar  new  ship,  so  that  there  had  been 
u  loss  on  these  diiix  of  some  hundreds  of  thousand*  of  pounds.  ^  An  account  ol 
them  would  be  found  in  the'  Appendix  to  the  Kepoit  of  Mr.  Seely  s  I  oilimittee  of 
tlio  IIouso  of  Commons  of  IS<  *,  "On  Admiralty  .Monies  mid  Account*. 

This  was  now  opiated  by  the  s\stem  of  I'Apeiiso  accounts  and  by  the  way  they 
are  utilised  nl  the  Admiralty,  so  that  such  cases  could  not  well  occur  again. 
In  the  author's  opinion  three  things  weie  neee^aiy  ior  a  perlect  check:—         ^ 
1st   audit  of  cash ;  L'nd,  audit  of  stores,  as  to  quantity^  ior  stores  are  money  s 
value!  and  an  audit  of  them  is  as  necessary  as  an  audit  of  cash ;  3rd,  Expense  or 
Statistical  accounts  showing  the  results  of  expenditure  in  ^^  ^,/eparred, 
urtidcs  produced,  or  in  other  results,     \\  ithout  this  we  may  hi 

"      .  l  ,       „     .  _..     ._    4^1, .,4    4U.v  «^..i^%j  •JrtiJ   4i\   nnvn  h(v<«Tl 


i^ii  ninier  ov  tApeushe  stores  or  JaDour  may  ue  useu  AN  m-n:  n^.M,,,«™, ..  -™y  «* 

^±!&S^ff£&^™S&~~ 

So Tioulu  of  Lmiuonf,  a-ciug  lliat  they  have  a  perfect  check  or  audit  of  cash  tod 
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stores,  may  be  perfectly  satisfied,  and  bo  thus  lulled  into  a  false  security.  Tho 
author  urged  tlio  necessity  of  such  accounts  being  initiated  and  supervised  by  an 
independent  authority  outside  tho  Departments,  and  gave  suggestions  in  detail  as 
to  how  this  might  be  done, 

On  a  Proposal  for  simply  ing  Pure  Water  to  VUhfjcs  mid  Country  Parishes 
in  Central  and  Eastern  Divisions  of  EnyhuuL     By  Professor  HULL,  F.ll.ti. 


On  the  National  Union  for  Improving  the  Education  of  Women. 
My  Miss  SimuiEFF. 

This  Association  dates  only  from  November  last  year,  when  a  public  meeting  was 
held  to  inaugurate  it  upon  a  plan  previously  sketched  out  by  Mrs.  William  Grey, 
and  to  name  a  central  committee  for  its  management.  The  long  list  of  members 
now  shown  by  the  circulars  of  the  Union,  recognition  of  its  work  by  important 
public  bodies,  numerous  local  committees  formed  and  provincial  societies  aililiated, 
mark  the  progress  made  during  the  few  months  of  its  existence.  Of  the  work  pro- 
posed it  is  only  possible  to  say  here  that  the  scheme  aims  at  correcting  the  deep 
and  widespread  defects  in  women's  education,  by  bringing  into  extensive  co- 
operation all  existing  efforts  at  reform,  by  using  all  endeavours  through  as  many 
channels  as  possible  to  kindle  a  deeper  interest  on  tho  subject,  and  to  combat  tho 
indifference  of  parents  and  of  the  public. 

That  indifference  rests  mainly  on  tho  absence  in  tho  case  of  girls  of  those  direct 
motives  of  interest  which  prompt  the  instruction  of  boys.  Those  motives  might 
be  seen  to  exist  by  all  who  consider  the  waste  of  national  resources  caused  by  tho 
ignorance  of  women — half  the  intellectual  force  of  tho  nation  allowed  to  do  no 
work  for  the  community.  In  sanitary  questions,  in  questions  of  expenditure,  of 
luxury,  of  the  earliest  training  of  children,  the  loss  caused  by  the  ignorance  of 
women  is  beyond  calculation.  A  very  interesting  paper  in  the  l  Itevue  des  deux 
Mondes  *  pointed  out  the  loss  to  the  trade  and  commerce  of  France  caused  by  the 
incapacity  of  women  to  do  any  of  tho  higher  work  ;  and  this  incapacity  the  writer 
traced  not  to  want  of  technical  training,  but  to  want  of  cultivated  intelligenee. 
Fathers  might  feel  that,  even  as  a  question  of  domestic  economy,  lhejr  would  gain 
by  enabling  daughters  to  earn  salaries,  and  their  own  business  might  gain  in  points 
beyond  money  value  if  their  daughters  were  taught  to  take  a  share  in  it. 

The  evil  and  the  loss  are  immense,  and  they  are  justly  charged  upon  men, 
because  the  wealth  and  power  of  tho  country  and  of  each  family  are  in  their  hands, 
and  they  have  refused  to  women  the  means  of  purchasing  the  education  th^y 
require.  The  National  Union,  in  its  labour  for  reform,  will  earnestly  press  this 
view.  But,  besides  striving  to  influence  public  opinion,  it  outers  zealously  into 
nil  practical  schemes  for  improving  the  education  and  supplementing  tho  very 
scanty  means  that  exist  of  obtaining  proper  instruction  for  girls,  such  MS  classes 
for  ladies  and  for  working  women,  attendance  at  examinations,  Sic.  It  also  ghrs 
earnest  attention  to  the  work  of  obtaining  a  fair  share  for  £>his  of  tho  rich  endow- 
ments which  in  many  cases  were  originally  intended  to  benefit  them,  but  which 
have  been  monopolized  for  tho  use  of  boys. 

But  its  most  important  work  is  tho  spread  of  good  schools.  They  arc  wanted 
everywhere,  and  for  the  whole  portion  of  society  which  separates  those  whoso 
children  attend  the  elementary  schools  from  the  wealthy  and  aristocratic. 

Some  good  schools  exist,  more  probably  than  are  known  :  Miss  Bealo  has  raised 
the  Ladies'  Collegro  at  Cheltenham  to  the  rank  of  a  great  educational  institution, 
and  Miss  Buss  offers  us  in  London  the  very  model  wo  desiro  to  follow  ;  but  a  few 
such  schools  only  point  tho  contrast  and  make  the  pen  oral  want  more  apparent. 
The  Union  has  determined  on  trying  the  instrumentality  of  a  limited  liability 
company,  by  moans  of  which,  not  one  school  but  a  whole  system  of  schools  shall 
in  succession  be  founded.  This  plan  is  now  commencing  operations.  The  Girls' 
Public  Day-school  Company  is  about  to  establish  its  first  school  in  tho  S.W. 
district  of  London.  The  foes  in  such  schools  cannot  be  so  low  as  in  endowed 
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schools,  for  they  must  be  such  as  will  afford  not  only  tho  highest  payment  that 
can.  secure-  first-rate  teaching,  but  a  moderate  dividend  on  the  capital,  without 
which  all  hope  of  future  schools  would  be  at  an  end.  But  too  much  is  often  eaid 
about  tow  fee*  ;  they  may  be  so  low  as  to  be  only  a  disguised  form  of  charity,  and 
the  middle  classes  of  England  can  pay  and  ought  to  pay  for  the  education  of  their 
own  daughters.  When  the  difficulty*  is  too  great,  the  elementary  schools  offer  tho 
rudiments  of  knowledge,  Roundly  and  thoroughly  taught,  nt  so  small  a  cost  that 
the  saving  made  by  placing  Pome  children  there  would  probably  suffice  to  pay  for 
sending  the  more  promising  of  the  family  to  higher  ana  more  expensive  schools; 
and  there^will  have  been  no  sacrifice  of  real  education,  such  as  would  follow  from 
sending  girls  toono  of  tho  genteel  seminaries,  where  bad  French,  bail  mutic,  and 
woivo  arithmetic  are,  taught  at  the  cost  of  all  th.it  strengthens  character  and  disci- 
plines the  un.l'M'standing.  One  great  difficulty  ha*  been  how  to  secure  to  a  commer- 
cial company  its  true  educational  character  ;  this  has  been  met,  as  far  us  possible,  by 
inserting  in  the  articles  of  association  some  points  that  aro  considered  of  the  most 
fundamental  importance.  Two  only  can  be  mentioned  hero  :  —  1st.  The  Company 
will  found  nonij  but  public  day-schools,  opennd  to  all  classes  and  denominations; 
2ndly.  Every  "ehool  founded  by  the  Company  will  have  a  class  of  student  teachers. 
Tho  training  of  teachers  ia  one  of  the  most  important  subjects  and  one  of  the  most 
neglected  in  Kngland.  If  js  curious  to  find  that  it  is  still  a  question  supposed  to 
admit  of  discussion  ;  to  us  it  sec-ins  that  as  \\ell  might  a  doctor  practice  without 
knowing  medieine  rr  a  Liwver  without  studying  law,  tus  a  teacher  pretend  to  edu- 
cato  without  htudyinjf  tli"  principles  of  human'  nature  and  the  methods  of  educa- 
tion. As  every  good'  hospital  is  a  pehool  for  medicine,  so  should  every  good  school 
be  a  training  institution  for  teachers. 

'Women  h;«vo  evevy  imlup'4wi*nt  to  follow  thi.s  training.  Tuition  is  the  only 
liberal  profe^iu-i  opened  t  >  llieui,  and  their  o\vn  ignor.inco  has  so  depressed  their 
condition  that  they  omipy  a  different  level  altogether  from  that  occupied  by  male 
teachers.  And,  again,  all  worn  >n  ought  to  Mudy  education,  because  by  natural 
position  the.  large  majority  of  them  are  necessarily  educators,  while  all  moiM  or  le.sa 
come  in  contact  witli  children.  The  conditions  o'f  their  life  require  that  all  should 
be  fit  to  bi3  trusted  in  the  nursery  as  in  the  sick  room,  and  therefore  that  all  should 


study  the  conditions  of  health  and  the  principles  of  education. 

Tho  National  Union,  in  order  (o  carry  so  ninny  important  <»bjc< 

only  and  appeal  to  the  friends  of  education  in  all  parts  of  the  e< 


bjects,  can  use  influence 


mly  and  appeal  to  the  friends  <>f  education  in  all  parts  of  the  country  to  jrive  aid  iu 
p reading  npht  \  iews  and  in  comb  itiiijr  prejudice, workinir  steadily  and  methodically 
till  some  symptom*  of  bettor  days  shall  appear  when  Knjrland  may  no  longer  think 
the-  education  of  lur  daughters  a  nutter  of  no  national  importance. 

On  the  Economic  an  1  Nutritive  Vtttut  of  the  tltrcc  principal  Preserved 
Fowh,  rh.  Prttcrn't  Mill\  Prwrird  Mart,  and  Liili<fs  Extract  of  Meat. 
11  y  Dr.  EUWAUD  SMITH,  FM.S. 


MECHANICAL  SCIENCE. 

slrhlress  by  FKEDEHICK  J.  BEAMWELL,  C.K,  President  oftlie  Section. 
TIIK  practice  of  commencing  the  business  of  a  Section  by  an  Address  from  its 
President  has  been  so  generally  followed  for  ninny  years  past    that  it  may  to 
looked  upon  as  more  than  a  practice,  and  as  being  in  eilect  a  rule  of  the  Untisn 

Undcrtheso  circumstances  I  feel  that  were  I  to  consult  my  own  inclination,  and 
were  to  refrain  from  takinjr  up  your  timo  by  delivering  an  address,  I  should  be 
ffuiltv  of  a  disrespect  towards  you,  and  should  be  sotting  a  bad  example  to  tho 
ftoaidento  who  will  succeed  me,  and  who,  under  the  excuse  of  my  departure  from 
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an  established  custom,  might  abstain  from  reading  addresses  which  would  be  really 
instructive  to  their  hearers.  This  being  so  I  have  an  excuse  for  that  winch  would 
otherwise  savour  of  impertinence.  I  say  of  impertinence,  because  it  is  undoubted 
that  many  of  the  Members  present,  and/in  fact,  probably  all  the  Members  present, 
are  so  well  instructed  in  the  matters  pertaining  to  our  Section,  that  I  cannot  put 
forward  any  thing  which  will  be  new  to  them.  It  is  this  which  gives  the  appear- 
ance of  impertinence  to  an  address  j  but  the  custom  which  renders  an  address 
obligatory  takes  away  from  that  appearance,  And  there  is  another  cause  which 
also  redeems  it  from  that  appearance,  and  that  is,  that  although  the  hearers  of  the 
address  will  not  hear  any  thing  which  they  did  not  know  before,  it  may  bring  things 
to  their  minds  which  they  did  know,  but  which  were  lying,  as  it  were,  in  abey- 
ance ;  and  thus  they  may  be  forcibly  reminded  of  subjects  which  they  had  some- 
what neglected. 

It  is  on  these  two  grounds  of  custom  and  of  exciting  attention  to  that  which  may 
be  for  the  moment  forgotten,  that  I  alone  venture  to  take  up  time  by  addressing 
gentlemen,  many  of  whom  are  my  seniors,  if  not  in  life,  at  least  in  experience  of 
our  profession. 

The  question^  now  arises,  What,  among  the  vast  range  of  matters  which  full 
within  the  scope  of  the  Mechanical  Section  of  the  British  Association,  shall  I  select 
for  the  subject  of  my  address  ? 

I  am  aware  that  some  of  our  former  Presidents,  on  taking  the  Chair,  have  dealt 
generally  with  the  progress  and  state  of  engineering  knowledge, — they  have,  in  fact,^ 
generalized.  But  in  order  to  render  an  address  of  this  kind  useful,  the-  writer  of 


who  are  men  of  deep  thought  and  large  experience,  and  who  have  the  faculty  not 
only  of  appreciating  that  which  is  taking  place  round  about  them,  but  the  further 
faculty  or  arranging,  classifying,  and  putting  into  methodical  order  the  various  facts 
which  their  minds  have  embraced,  and  then  of  communicating  the  very  eb&ence  of 
this  mental  arrangement  to  those  whom  they  address. 

Such  powers  and  faculties  unhappily  are  not  mine :  I  will  not  therefore  attempt 
a  task  in  which  I  must  signally  and  utterly  fail  were  I  to  essay  it,  and  I  must  con- 
tent myself  with  confining  my  observations  to  some  one  subject  of  interest. 

The  point  I  now  have  to  determine  is,  what  shall  rny  one  subject  be  r*  on  what 
shall  I  address  you  ? 

I  have  thought  over  many  subjects  connected  with  Mechanical  Science,  but  I 
cannot  discover  any  thing  more  practically  important  than  <v  Coal."  Very  few 
matters  are  of  greater  real  interest  at  all  times  to  the  nation  at  large,  and  very  few 
are  more  prominently  before  the  minds  of  the  public  at  the  present  time  ;  and  cer- 
tainly no  subject  can  be  more  appropriate  for  a  mechanical  engineer,  if  for  no  other 
reason  than  this,  that  the  steam-engine  is  still  the  very  crowning  glory  of  mecha- 
nical engineering,  and  that  coal  is  the  staff  of  life  and,  so  to  speak,  the  breath  of 
the  nostrils  of  the  steam-engine. 

I  am  aware  it  may  be  said  that  the  subject  of  coal  is  a  hackneyed  one  :  no  doubt 
it  is.  We  have  had  Coal  Commissions  ;  we  have  had  letters  in  scientific  and  non- 
scientific  publications,  indulging  in  all  sorts  of  speculations  as  to  how  long  the  known 
deposits  of  coal  could  last,  and  what  were  the  probabilities  of  discovering  new 
sources  of  supply  ;  but  I  do  not  propose  to  trouble  you  at  all  upon  the  geological 
feature  of  the  matter  ;  and  with  respect  to  the  statistical  aspect,  1  will  merely  state 
in  reference  to  it  that  the  raisings  of  coal,  which  in  18/55  were  only  04  millions  of 
tons  in  Great  Britain,  rose  to  80  millions  in  I860,  and  to  108  millions  in  1800 ;  and 
I  will  also  advert  to  the  fact  that  the  price  of  all  kinds  of  coal  has  in  the  colliery 
districts  risen,  speaking  in  round  numbers,  about  100  per  cent,  within  the  last  twelve 
months,  and  is  still  rising. 

This  increase  of  consumption  and  this  rise  in  price  are  startling  facts,  and  force 
us  seriously  to  reflect  upon  the  use  and  also  upon  the  abuse  of  coal.  These  reflections 
will  make  us  remember  that  whatever  the  known  store  may  be,  and  whatever  new 
discoveries  of  other  beds  may  be  made,  the  supply  after  all  is  but  a  finite  quantity — 
that,  unlike  the  fuel  wood,  which  grows  year  by  year  to  replace  the  annual  con- 
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sumption,  iho  fuel  coal  is  given  to  us  once  and  for  all — that  wo  arc  therefore  dealing 
with  a  storo  that  knows  no  renewal — that  if  wo  waste  it,  the  sin  of  that  waste 
will  be  visited  upon  our  children — and  that  it  becomes  us  to  look  upon  cc,al  as  a 
most  precious,  A  oluable,  and  limited  deposit,  of  which  we  are  the  stewards  and 
guardians,  justified,  no  doubt,  in  using1  all  that  we  mjniro  for  legitimate  purposts, 
but  mofat  criminal  in  respect  of  all  that  we  •uabte,  whether  that  waste  arise  from 
wilful  indifference  or  from  careless  ignorance,  an  ignorance  culpable  as  the  indill'er- 
euco  itself. 

This  being1  so,  lot  us  ace  how  wo  do  deal  with  coal  in  those  cases  where  coal 
jiuibt  be  used,  how  we  might  deal  nith  it  in  such  CUM-?,  and  how  we  might  in 
certain  instances  substitute  other  sources  of  pov*er  for  the  coal  which  we  now 
consume. 

And  let  us  first  of  all  consider  this  question  of  finding  sources  other  than  coal 
for  our  motive  power. 

Before  the  steam-engine  was  ?o  extensively  used  as  it  now  is,  the  wind,  the  forco 
of  streams,  and  the  forco  of  the  tide  wore  all  employed  to  givs  motive  power. 

With  respect  to  the  power  of  the  wind,  it  is  to  t>e  feared  it  is  too  irregular  to 
enable  any  manulacturei  to  rely  upon  it  in  competition  with  the  steam-engine. 

With  respect  to  the  power  of  our  streams,  the  altered  condition  of  the  soil,  duo 
to  increased  drainage  and  cultivation,  hns  so  materially  interfered  with  the  regu- 
larity of  their  How,  that  their  efficiency  as  sources  of  constant  power  is  seriously 
diminished,  while  competition  with  them  by  steam  has  become  much  greater  than 
it  was  when'tho  water-mills  themselves  were  better  ofT.  This  state  of  things,  how- 
ever, might  lie  cured,  and,  in  fact,  has  been  cured  in  certain  districts  by  the  union 
of  a  largo  number  of  mill-pi oprietor.s  to  form  ptorngc-rescnoirs,  from  \\hich  the 
water  can  lie  delivered  with  ivgulavity,  so  as  to  give  a  uniform  supply  to  the  mills. 

But  the  third  source  of  water-power,  the  tide-mill,  which  at  one  time  was  used 
to  a  considerable  extent,  is  now  almost  wholly  discontinued.  Tho  causes  of  this 
discontinuance  are  sufficiently  obvious. 

The  tide-mill,  as  formerly  constructed,  could  work  for  only  a  limited  period  in 
each  ebb;  and,  to  obtain  t lie  full  effect,  it  hud  to  utilize  both  the  night  and  the 
(lay  tides.  But  while  tide-mills  laboured  under  the>e  disadvantages,  they  possessed 
the  great  merit  that  their  power,  such  ns  it  was,  was  one  that  could  be  depended 
on,  and  one  which,  although  it  fluctuated,  fluctuated  regularly  and  within  Imo\vn 
and  definite,  limits. 

1  would  sup  got  that  in  those  cases  where  there  are  large  manufacturing  districts 
\\  ithin  a  few  miles  of  the  sea,  and  where  there  is  a  large  rise  and  fall  of  the  tide, 
coupled,  in  the  out.-et  at  all  e\cnts,  with  natural  indentations  of  the  coast,  which 
miglit  be  compa  rat  holy  readily  dammed  up  for  the  storage  of  the  water,  there 
such  storage  .^hould  be  made,  that  the  water  should  be  put  to  v\ork  turbines  of 
the  best  kind  (turbines  which  will  work  with  very  nearly  the  same  percentage  of 
the  total  power  given  out  by  the  water  at  anv  particular  moment,  whether  they 
are  immersed  or  \\hcthor  they  are  not),  that  these  turbines  should  bo  employed 
in  pumping  water  at  a  high  pressure  into  Armstrong  accumulator*,  and  that  pipes 
should  be  laid  on  from  tho,so  accumulators  to  the  neighbouring  manufacturing  town, 
and  should  there  deliver  their  power  to  the  consumers,  requiring-  it  to  be  used  by 
thorn  in  water-pressure  engines. 

Suppose  a  beginning  wore  made  with  the  city  of  Bristol,  which  is  no  doubt  a 
very  favourable  instance  for  the  application  of  this  suggestion. 

1'lere  the  rise  and  fall  of  the  tide  might  safely  be  taken  at  24  feet.  Half  a  pquaro 
mile  of  water  enclosed  would,  after  the  most  lavish  deductions  for  loss,  yield  in 
Bristol  at  least  5000  horse-power,  probably  sufficient  to  replace  the  whole  of  tho 
power  of  the  stationary  engines  now  at  work  in  Bristol. 

I  will  not  detain  you  by 'further  dilating  upon  this  subject :  but  it  does  appear 
to  me,  looking  at  the  opportunity  which  good  turbines  give  of  utilizing  the  power 
residing  in  water  under  constantly  varying  conditions  of  head,  looking  at  tho  fact 
that  by  Sir  William  Armstrong's*  arrangements  this  power  may  bo  transferred  to 
an  extremely  small  quantity  of  water  under  high  pressure,  and  that  therefore  such 
water  may  bo  transmitted  for  many  miles  through  pipes  at  low  velocities,  even 
although  thoso  pipes  bo  of  no  great  size,— looking  at  these  facts,  I  say,  I  cannot 
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help  thinking  that  there  is  here  open  to  the  talent  of  the  mechanical  engineer  a 
new  field  of  enterprise,  and  one  which,  if  successful,  would  tend  to  economize  the 
fuel  we  so  much  value, 'and  to  leave  more  of  it  for  consumption  in  metallurgical 
operations  and  in  other  operations  requiring  heat. 

Before  quitting  the  subject  of  finding  sources  of  power  other  than  steam,  tho 
Section  will  perhaps  permit  me  to  remind  them  of  what  has  been  done  in  the  town 
of  Schaft'hauscn  by  a  public-spirited  inhabitant  in  the  way  of  utilizing  tho  water- 
power  of  tho  Rhine,  and  of  laying  it  on,  so  to  speak,  to  every  man's  door.  This 
has  been  accomplished  by  erecting  turbines,  which  are  worked  by  the  river,  and 
deliver  their  power  to  endless  wire  ropes  carried  over  pulleys  placed  alongside  the 
lihiuo,  the  rope  extending  nearly  from  one  end  of  tho  town  to  the  other.  This 
rope  gives  off  power  at  the  end  or  each  street  abutting  on  the  river-bank,  and  that 
power  is  conveyed  along  those  streets  by  a  shaft  in  a  channel  under  the  paving. 
Each  manufacturer  can  make  his  own  communication  with  these  principal  shafts, 
and  thus  obtain  the  power  he  may  require.  I  believe  that  no  more  is  charged 
than  is  just  sufficient  to  pay  for  tho  current  repairs  and  for  depreciation. 

I  will  now  consider  the  question  how  coal  is  wasted  in  its  use  j  but  before  doing 
so  I  will  say  a  few  words  upon  the  loss  that  occurs  in  the  coal-mine  itself.  Hap- 
pily this  loss  has  for  some  years  past  been  greatly  reduced.  More  economic  sys- 
tems of  working  have  prevailed,  plans  of  dealing  with  small  coal  by  washing  away 
its  impurities,  so  as  to  render  it  fit  for  coking,  have  been  largely  adopted,  and 
thus  a  great  deal  of  that  coal  which  a  few  years  since  would  have  remained  buried 
in  the  mine,  as  not  justifying  the  expense  of  raising  it  to  the  surface  and  of  paying 
royalty  upon  it,  is  now  brought  to  light  and  is  utilized.  Nevertheless  we  know 
that  at  ordinary  prices  of  coal  it  is  to  the  advantage  of  the  colliery  proprietor,  in 
many  instances,  to  leave  a  considerable  percentage  of  the  seams  that  are  worked, 
rather  than  to  endeavour  to  lesson  that  percentage  by  the  use  of  a  more  expensive 
system  of  artificial  support  for  the  roof ;  and,  further,  that  it  also  pays  him  to  leave 
altogether  unworked  very  thin  seams  of  coal. 

Hereafter,  when  coal  becomes  scarce,  there  can  bo  no  question  but  what  the 
inhabitants  of  these  islands  would  be  glad  to  moke  use  of  tho  now  despised 
unworked  seams,  and  also  to  recover  the  buried  coal  of  the  worked  seams;  but  such 
scams  and  such  savings,  although  they  can  be  worked  and  made  at  present,  when 
tho  mines  are  open,  if  not  at  profit,  yet  with  little  loss,  will  then  only  bo  capable 
of  being  reached  by  a  reopening  and  pumping  out  of  abandoned  mines,  a  process 
so  expensive  that  great  indeed  must  be  tho  need  of  our  successors  if  they  aro  com- 
pelled to  resort  to  it.  It  is,  however,  difficult  to  see  what  remedy  can  "be  provided 
for  such  a  state  of  things  as  this.  I  am  far  from  suggesting  that  Government 
should  interfere,  and  should  say,  u  If  you  work  your  coal  at  all,  you  shall  work  tho 
whole  of  it,  and  you  shall  not  merely  select  those  portions  which  will  make  it  tho 
most  profitable  speculation  for  you  at  the  present  day,  but  which  will  cause  a  large 
percentage  to  remain  ungotten."  I  am  far  from  suggesting  this,  as  1  hold  Govern- 
ment interference  to  be  in  most  instances  such  a  mischievous  thing  that  it  is,  as  a 
rule,  far  better  to  put  up  with  a  certain  amount  of  shortcoming  and  negligence 
than  to  call  in  as  a  remedy  a  power  which  is  generally  more  injurious  than  that 
which  has  to  be  remedied,  But  in  the  absence  of  any  such  interference,  it  follows, 
from  the  ordinary  principles  which  regulate  commercial  transactions,  that  a  con- 
siderable percentage  of  coal  in  many  districts  will  never  be  brought  to  tho  surface, 
because  at  the  present  time  it  does  not  pay  to  bring  it.  Thus  in  tho  very  outset 
we  are  wasting  fuel.  But  the  prevention  of  this  source  of  waste  is  a  question  quite 
as  much  for  the  mining  engineer  and  the  political  economist  as  for  the  mechanical 
engineer.  I  have,  however,  mentioned  it  before  this  Section  because  the  mechanical 
engineer  may  contribute  to  such  prevention  by  devising  new  modes  of  extracting 
coal  in  places  where  hand-labour  would  press  too  heavily  upon  the  men  engaged 
in  the  work,  and  where,  therefore,  their  labour  would  bo  too  costly. 

I  now  come  to  the  question  of  the  way  in  which  waste  occurs  in  the  use  of  the 
coals  that  arc  brought  to  the  surface, 

This  use  may  be  divided  into  two  great  branches,  the  domestic  and  tho  manu- 
facturing. I  will  consider  first  the  domestic  use. 

This  is  a  highly  important  branch  of  the  subject,    It  is  believed  that  out  of  the 
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total  of  08  or  99  millions  of  tons  of  coal  which  in  1869  were  retained  for  home  use, 
18J  millions  of  tons,  about  one  fifth  of  that  quantity,  were  consumed  for  domestic 
purposes  (about  10  millions  being  exported). 
We  all  of  us  know  so  intimately  the  way  in  which  coals  are  burnt  for  domestic 

Eurposes  that  I  fear  it  will  seem  an  idle  waste  of  time  to  describe  it.    Neverthe- 
sss  I  really  must  occupy  a  few  moments  in  so  doing.    We  put  a  grate  imme- 
diately below  and  within  a  chimney,  and  as  this  chimney  is  formed  of  brickwork, 
by  no  possibility  can  more  than  the  most  minute  amount  of  heat  be  communicated 
from  the  chimney  to  the  room.    On  this  grate  we  make  an  open  fire  :  fire  cannot 
burn  without  air,  and  wo  provide  no  means  whatever  for  the  air  to  come  into  the 
lire ;  this  is  a  provision  that  not  one  architect  or  builder  in  a  thousand  dreams  of 
making.    The  consequence  is  that  the  unhappy  fire  has,  as  it  were,  to  struggle  for 
existence.     In  a  well-built  house  especially  it  has  to  struggle ;  for  the  doors  and 
windows  shut  tightly.    The  result  is  that  the  fire  is  always  smoking,  or  is  on  the 
verge  of  smoking.    We  brc.ithe  the  noxious  ga*"S  and  we  spoil  our  furniture  and 
pictures;  nevertheless,  happily  for  us,  the  fire  does  succeed  in  getting  supplies  of 
air  which,  even  although  insufficient  for  the  wanti  of  the  chimney  draught,  do 
renew  the  air  of  the  room.     If  to  satisfy  the  demands  of  the  chimney  and  to  stop 
its  smoking  a  window  is  loll  a  little  open  or  a  door  is  set  ajar,  we  complain  of 
draughts,  and  we  complain  of  the  imhomely  look  caused  by  sitting  in  a  room  with 
an  open  door  ;  so'that  there  we  are,  with  an  n--phixiated  fire,  our  smoky  rooms,  and 
our  draughty  rooms.     Moreover,  the  lire  being  immediately  below  the  chimney, 
the  main  part  of  the  conducted  heat  inevitably  goes  up  it  and  Is  wasted,  leaving 
the  room  to  bo  warmed  principally,  if  not  entirely,  by  the  radiated  heat;  and  wo  do 
and  suller  all  this  in  order  that  wo  may  see  the  tire  and  be  able  to  poke  it.    For 
myself  I  must  confess  that  if  there  was  no  euro  for  the  e\ih  I  have  described  other 
than  the,  close  stoves  of  the  Continent,  with  the  invisible  fire  and  with  the  want  of 
circulation  of  air  in  the  room,  I  would  rather  put  up  with  the  whole  of  our  present 
domestic  discomfort*,  and  even  with  the  loss  of  heat,  than  resort  to  the  stove  as  a 
remedy.     But  there  are  modes  by  which  freedom  from  smoke,  freedom  from 
draught,  eflicient  ventilation,  and  utilization  of  the  heat^uiay  all  be  combined  with 
the  presence  of  tho  visible  pokablo  fire.     Some  members  of  this  Association  may 
recollect,  the  paper  that  was  read  before  it  at  the  Norwich  Meeting  in  1^08  by 
Captain  Douglas  ("Salt on,  in  which  he  so  clearly  described  his  admirably  simple 
invention  of  fire-grate.     This  consisted  in  putting  a  flue  to  the  upper  part  of  tho 
fire-grate,,  which  flue  pa^ed  through  a  brick  chamber  formed  in  the  ordinary 
chimney,  winch  chamber  was  supplied  with  air  from  the  exterior  of  the  room  by  a 
proper  channel,  and  then  the  air,  after  being  heated  in  contact  with  the  flue  in  tho 
chnmber,  escaped  into  tho  room  by  openings  near  tho  ceiling,  so  that  the  room  was 
supplied  with  a  copious  volume  of  warm  fresh  air,  which  did  away  with  all  ten- 
dency to  draughts  from  the  doors  and  windows,  nnd,  moreover,  furnished  an  ample 
supply  for  the  purposes  of  ventilation  and  combustion.    These  fire-places,  I  regret 
to  say,  have  been  but  little  used  in  England,  from  a  causo  I  shall  have  to  advert  to 
hereafter — a  cause  which,  as  I  believe,  stands  in  the  way  of  the  adoption  of  improve- 
ment generally.     Tho  merits  of  these  fire-places  were  at  once  :  Jcnowledged  bjrtho 
French,  who  made  the  most  careful  and  scientific  investigation  of  their  working; 
and  they  found  that  with  such  fire-places  three  times  the  effect  was  obtained  from 
a  n-hen  weight  of  coal  that  could  be  got  with  those  of  tho  ordinary  construction. 
j\To  doubt  there  are  many  other  plans  by  which  the  same  end  as  that  attained  by 
Captain  Oalton  may  be  arrived  at ;  and  yet  wo  go  on  year  after  year  building  new 
houses,  making  no  improvement,  exposing  ourselves  to  all  the  annoyances,  nnd, 
worst  of  all,  wasting  the  precious  fuel.     Assume  that  wo  were  to  set  ourselves 
vigorously  to  work  to  cure  this  state  of  things,  cnn  it  be  doubted  that  in  ten  years' 
time  wo  might  halve  the  consumption  per  household,  nnd  do  that  not  only  without 
inflicting  any  discomfort  or  depriving  the  householder  of  any  gratification,  but  with 
an  absolute  addition  to  warmth  and  an  increase  of  cleanliness,  a  benefit  to  health 
and  a  saving  of  expense  ?    Moreover  it  must  be  remembered  that  with  the  imper- 
fect combustion,  of  domestic  fires,  large  volumes  of  smoke  are  poured  into  the  air. 
Wo  know  how  much  freer  from  smoke  town  atmosphere  is  in  summer  time 
than  it  is  in  winter  time,  and  this  simply  ou  account  of  the  smaller  quantity  of  coal 
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that  is  being  burnt.  Suppose  that  we  could  reduce  the  total  consumption  both  in 
summer  and  in  winter  by  50  per  cent,  what  an  enormous  boon  that  would  be  even 
in  the  one  matter  of  a  pure  atmosphere ! 

The  other  way  in  which  we  use  coal  is  for  purposes  of  manufacture  ;  and  this, 
again,  may  be  divided  into  two  branches  at  least—namely,  the  coal  that  is  employed 
for  obtaining-  power  and  the  coal  that  is  employed  m  metallurgical  and  other 
operations  not  immediately  connected  with  the  production  of  power.  To  treat  of 
these  latter  cases  first,  thev  are  far  too  numerous  to  be  dealt  with  in  detail,  and  a 
few  of  the  principal  therefore  only  must  be  considered.  Tako  the  subject  of  coke- 
making.  How  much  coal  is  heated  in  clamps  and  in  kilns  to  be  converted  into 
coke,  and  in  how  few  instances  is  any  use  made  of  the  whole  of  the  heat  residing 
in  the  gaseous  parts  of  the  co«d  which  are  driven  off.  This  heat  frequently  amounts 
to  30  per  cent,  of  the  whole  of  that  which  is  in  the  coal. 

We  come  next  to  the  smelting  of  iron.  Take  the  prelim inary  process  of  calcining 
the  ore,  In  those  cases  ^whero  the  ore  is  ft  black  band,"  the  ore  so  common  in 
Scotland,  the  calcining  is  done  by  the  combustion  of  the  carbonaceous  matter 
mixed  with  the  ore.  Far  more  than  the  quantity  of  fuel  requisite  for  the  calci- 
nation is  associated  with  this  oro ;  but  the  whole  of  it  is  burnt  oil',  and  no  ell'oit 
whatever  is  made  to  utilize  the  surplus  heat.  Then,  with  regard  to  the  blast- 
furnaces for  smelting  iron.  Hero  still,  almost  universally  in  Scotland,  that  large 
seat  of  the  iron  manufacture,  and  to  a  considerable  extent  in  England,  the  v>aste 
gases  are  suffered  to  issue  from  the  furnace-tup,  illuminating  tho  country  for  miles 
round,  and  bearing  testimony  to  the  indifference  of  the  owner  of  the  furnaces  to  a 
waste  of  our  store  of  fuel.  Upwards  of  00  >ears  ago,  viz.  in  181 1,  the  utilisation 
of  these  gases  was  suggested  in  France ;  but  not  much  was  done  for  ZQ  years. 
About  18 JO,  however,  their  use  became  not  infrequent  in  that  country,  and  their 
manufacturers  and  chemists  taught  us  that  the  <^as  thus  recklessly  wasted  might  bo 
collected  and  utilized^  and  made  to  replace  the  fuel  expended  in  heating  tlio  hot 
blast-stoves  and^in  raising  steam  for  the  blowing-engine*.  ]*ut,  for  the,  caus-e  u  hirh 
has  been  and  will  be  alluded  to,  the  adoption  of  this  plan  WHS  very  slow  indeed  in 
England.  It  has  now  been  in  use,  however,  for  many  years  in  our  best  conducted 
works  j  but,  as  a  proof  of  the  slowness  of  its  introduction,  the  furnaces  of  S(  otlnnd, 
as  I  have  already  said,  are  even  to  this  day  almost  university  worked  upon  the 
wickedly  wasteful  principle  of  allowing  these  gases  to  burn  idly  away. 

Take,  again,  tho  melting  of  steel  in  crucibles,  wh<>rc,  the  heat  issues  from  tho 
furnace  of  necessity  hotter  than  the  heat  of  the  melted  steel  (for  weie  it  not  ,so  it 
would  cool  it)  ;  and  of  this  issuing  heat,  as  H  rule,  no  use  whatever  is  made. 


but  far  more  steam  can  be  obtained  than  is  required,  even  with  the  mo,4  unnrces- 
wiry  and  lavish  consumption  of  it,  and  thus  in  great  ironworks,  boilers  in  which  tho 
steam^is  generated  by  the  waste  heat  of  the  furnaces  mny  bo  .seen  constantly  blow- 
ing off  large  volumes  of  steam  at  tho  valves  ;  and  many  furnaces  are  in  use  to  which 
no  boilers  are-  applied, ^for  the  simple  reason  that  they  would  bo  absolutely  super- 
fluous. This  waste ^of  heat  in  steel-melting  and  in  finnncca  for  iron  jmd  for  other 
metallurgical  operations  is  by  no  means  necessary,  although  it  might  be.  ur^ed  that 
it  is;  and  it  might  be  said  that  if  a  furnace  is  to  heat  a  body  to  ^000  degrees,  jou 
must  of  necessity  allow  the  heat  to  escape  at  that  temperature,  or  rather  at  some- 
thing above  it,  or  else  in  lieu  of  heating  the  body  you  will  bo  cooling  it,  and  that 
you  can  no  more  trap  escaping  heat  than  you  can  trap  a  sunbeam.  JUit  one  of  my 
predecessors  in  this  Chair,  Mr.  Siemens,  has,  as  wo  know,  shown  us  that  you  can 
trap  the  heat,  and  that  you  can  so  lay  hold  of  it  and  store  it  up  that  tho  «ases  as 
they  pass  into  the  chimney  from  tho  furnace  in  which  there  in,  nay,  even  limiting 
steel  shall  bo  lowered  in  their  temperature  down  to  that  which 'will  not  char  a 
piece  ol  wood  j  and  he  has  shown  us  how  this  stored  up  heat  mny  bo  communicated 
to  «fo  separate  streams  of  incoming  air  and  gas  of  his  gas-furnaces,  so  that  they 
shall  enter  the  furnace  at  a  hicrh  temperature,  that  temperature  to  be  increased  by 
tneir  union  and  combustion  in  tho  furnace.  So  beautifully  can  this  trapping  of 


TRANSACTIONS  01'  THE  SECTIONS.  533 

heat  bo  carried  out,  and  so  successfully  can  tho  heat  be  retained  by  very  trifling 
attention  on  the  part  of  tho  workmen  to  the  apparatus,  that  Mr.  Ramsbottonr,  the 
late  Locomotive  Superintendent  of  the  London  and  Nor th-Wes torn  Railway,  knew 
ho  should  not  be  applying  too  delicate  a  test  when  he  inserted  the  ends  of  pieces  of 
wood  through  opening*  into  tho  outgoing  Hues  of  the  steel-heating  furnaces  at 
Orown.  Those  pieces  of  wood  were  padlocked  in  their  places,  were  taken  out 
periodically,  and  if  they  were  found  to  bo  burnt  it  was  known  that  the  man  in 
charge  of  tho  furnace  had  boon  negligent  in  his  duty  of  saving  fuel  and  had  mis- 
iisiid  the  Siemens  apparatus.  But  although  this  invention  has  been  before  tho 
public  for  very  many  years,  and  although  it  has  had  the  approval  of  Faraday  and 
of  every  other  distinguished  scientific  man  who  has  investigated  the  question)  and, 
I  am  glad  to  say,  the  approval  of  the  leading  minds  among  tho  users  of  furnaces, 
nevertheless,  for  the  general  reason  I  shall  have  to  allude"  to,  tho  progress  of  this 
invention  lias  been  by  no  means  commensurate  Vith  its  importance  ;  and  it  is  not 
too^much  to  say  that  manufacturers  would  rather  waste  cheap  coal  than  embark 
capital  in  new  furnaces,  and,  more  than  all,  be  at  the  trouble  of  instructing  and  of 
watching  over  their  workmen. 

Next,  let  us  consider  how  we  are  dealing  with  coal  when  we  use  it  for  obtaining 
motive  power  in  our  stenni-engimw. 

Steam -engines  may  be  di\idod  into  the  four  great  heads  of  marine,  locomotive, 
portable,  and  lived.  Including  within  tho  term  steam-engine  the  boiler  as  well 
as  the,  engine,  waste  may  arise  in  a  steam-engine  in  two  way.*,  either  iu  one  of 
them  or  in  both  combined.  Jt  may  arise  from  an  imperfect  utilization  of  fuel  in 
the  production  of  steam  (that  is,  a  waste  due  to  the  boiler  and  to  the  firing),  or  it 
may  arise  iu  an  improper  use  by  the  engine  of  the  steam  provided  for  it  by  the 
boiler.  There  can  be  no  question  but  that  the  boiler  waste  is;  as  a  rule,  very  large 
indeed. 

A.  pound  of  fair  coal  is  theoretically  capable  of  evaporating  from  the  boiling- 
point  13  Ibs.  of  water.  I  do  not  believe  that  I  shall  overstate  tho  case  when  I  say 
that  on  an  average  not  morn  than  from  one  third  to  one  half  of  this  quantity  is 
obtained  from  the  whole  of  tho  boilers  in  u^e. 

This  poor  result  arises  from  a  variety  of  causes: — 1st,  bad  firing,  which  means 
bad  combustion  ;  2nd,  insiiihYient  surface  to  absorb  tho  heat ;  3rd,  an  unclean  con- 
dition of  that  surface  either  from  internal  or  external  deposit,  or  both  ;  4th,  a  faulty 
proportioning  of  the  parts  of  tho  boiler  to  each  other  and  to  the  work  to  be  done, 
which  cause  heated  water  to  be  carried  over  with  the  steam — a  cause  of  deficiency 
of  evaporation,  which,  however,  so  far  from  being  as  a  rule  detected;  goes  to  swell 
the  apparent  duty  of  the  boiler. 

Had  tiring  may  result  in  the  lire  being  too  thick,  or  too  thin  or  irregular.  If  too 
thick,  the  carbonic  acid  that  is  generated  by  the  combustion  of  the  lower  part  of 
the  fuel  with  which  the  air  first  comes  in  contact  is  changed  in  its  passage  through 
the  upper  part  of  the  fuel  into  carbonic  oxide,  by  absorbing  from  the  fuel  a  second 
equivalent  of  carbon.  If  this  gas,  carbonic  exilic,  does  not  meet  with  free  atmo- 
spheric air,  and  meet  with  it  nt  a  suitable  temperature  in  tho  upper  part  of  tho 
furnace,  it  must  remain  uiiconsumed,  and  will  pass  through  the  Hues  or  tubes  of 
the  boiler  and  make  its  escape  into  tho  air,  carrying  with  it  tho  valuable  uncon- 
sumed  carbon  of  tho  coal  in  a  gaseous  form.  It'  is  commonly  said  that  smoke  is 
unconsumed  fuel.  This  is  true  :  but  it  is  not  commonly  recollected  that  thcre^may 
bo  invisible  smoke  arising  (even  from  a  coke-fire)  which  shall  contain  the  highly 
Combustible  ingredient  carbonic-oxide  JJTOS.  When  it  is  remembered  that  every 
pound  of  coal  burnt  into  carbonic  acid  is  capable  of  evaporating,  as  has  already 
been  said,  about  13  Ibs.  of  water  from  21 2 J,  while  a  pound  of  coal  converted  only 
into  carbonic  oxide  is  capable  of  evaporating  but  4  Ibs.,  it  will  bo  seen  how 
necessary  it  is  that  no  mismanagement  of  the  fire  should  cause  a  portion  of  the  fuel 
thus  to  escape  iniburnt  up  the  chimney, 

Another  defect  in  the  management  of  a  fire  (an  opposite  defect,  as  it^were)  by 
which  coal  may  bo  wasted  is  tho  admission  of  too  much  air ;  and  this  arises  when 
the  lire  is  too  thin  in  relation  to  the  chimney-draft,  or  when  (a  more  common  evil) 
it  is  thin  in  places,  owing  to  the  negligence  of  tho  firemen  in  keeping  it  properly 
levelled, 
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The  way  in  which  waste  arises  from  these  causes  is,  that  unnecessary  air  is 
introduced  into  the  fire  at  a  temperature  of,  say,  00°,  and  that  this  air  lias  to  be 
heated,  and  then  (even  if  tho  heat  ho  abstracted  from  it,  as  far  as  practicable  by 
the  boiler)  it  will  escape  up  the  chimney  at  a  temperature  of  from  200°  to  JKX)°  in 
excess  of  that  which  it  hactj  and  the  whole  of  this  excess  represents  wasted  coal. 
Thus,  on  the  one  hand,  it  is  of  importance  that  there  should  be  a  proper  amount  of 
air  to  secure  the  perfect  conversion  of  the  carbon  into  carbonic  acid;  and,  on  the 
other  hand,  it  is  most  desirable  that  this  amount  should  not  be  exceeded,  involving 
the  necessity  of  uselessly  heating  air  not  wanted  for  combustion.  Such  a  happily 
balanced  state  of  things  it  is  almost  impossible  to  secure  by  hand-liring,  almost 
impossible,  but  not  absolutely  impossible,  though  only  attained  at  competitive  trials, 
and  when  these  trials  are  conducted  by  highly  skilled  men. 

In  such  trials  of  portable  engines  before  tho  judges  of  the  Royal  Agricultural 
Society  of  England,  tho  firemen  will  put  coals  upon  the  fire  as  frequently  as  forty- 
five  times  in  an  hour,  tho  quantity  put  on  at  each  time  being,  as  may  be  supposed, 
little  more  than  a  spoonful. 

Writers  on  the  management  of  tho  stoam-engine  usually  advise  that  the  lire-doors 
should  be  opened  as  little  as  possible,  and  that  the  tiring  should  take  place  about 
every  quarter  of  an  hour. 

Under  ordinary  circumstances  they  may  be  right ;  but  when  it  is  desired,  regard- 
less of  the  amount  of  manual  labour,  to  obtain  every  particle  of  useful  effect  out  of 
tho  fuel,  it  is  then  found  to  be  remunerative  to  open  the  door,  not  four  times  an 
hour,  but  more  than  forty  times  an  hour,  taking  care,  however,  that  it  is  only 
opened  for  the  fraction  of  a  second.  It  is  by  this  frequent  feeding  of  a  small 
quantity  of  coal,  distributed  over  the  lire,  that  the  competitors  are  enabled  to 
insure  a  uniform  condition  of  that  fire  to  receive  the  action  of  the  air.  They  know 
precisely  the  amount  of  draught  they  have  got,  and  by  experience  they  also  know 
what  thickness  of  fire  will  exactly  balance,  as  it  were,  the  air  that  comes  through, 
so  that  the  combustion  may  be  perfect,  and  yet  there  nuvy  be  no  free  air.  But  in 
ordinary  hand-firing,  done  at  intervals  of  a  quarter  of  an  hour,  it  is  obvious  that  tho 
thickness  of  the  fire  at  the  end  of  such  an  interval  must  be  very  different  from  that 
which  it  was  at  the  beginning  of  it,  arid  thus  if  that  thickness  be  right  in  relation  to 
the  draught  at  one  time  it  must  be  wrong  at  another.  At  one  time,  immediately 
after  firing,  there  may  be  a  distillation  of  the  coal,  producing  black  smoke 
and  carbonic  oxide;  this  will  go  on  till  the  fire  burns  thin  and  burns  into  holes, 
when  there  will  be  a  passage  of  free  air.  I  do  not  wish  to  be,  imderstood  that 
I  am  advocating  the  attendance  of  skilled  firemen  to  lire  forty-five  times  in  nn 
hour.  Coal  must  be  far  dearer  than  it  now  is  to  make  it  pay  so  to  occupy  a  man, 
or  rather  watches  of  men ;  for  no  one  man  could  submit  to  siich  continuous  labour 
for  more  than  from  four  to  five  hours.  But  my  observations  tend  to  call  your  attention 
to  the  subject  of  mechanical  firing.  1  believe  that  the  high  evaporative  duties  that 
have  been  obtained  by  the  use  of  liquid  fuel,  duties  approaching  very  closely 
indeed  to  the  theoretical  power  of  that  fuel,  are  largely  due  to  the  fact  that  the 
air  and  liquid  can  be  injected  in  definite  and  regular  proportions,  insuring  perfect 
combustion. 

Again,  in  the  use  of  powdered  fuel  by  Mr.  Crampton,  where  the  powder  is  blown 
into  the  furnace  by  the  very  air  which  is  there  to  enter  into  combustion  with  it, 
very  high  evaporative  results  have  been  reached  even  under  the  disadvantageous 
circumstances  attendant  upon  early  experiments ;  and  this  also  I  believe  to  be  due 
to  the  power  of  accurately  adjusting  the  quantity  of  air  to  the  fuel  to  be  burnt. 

The  same  power  of  adjustment  may  be  obtained  in  those  instances  where  the 
fuel  is  previously  converted  into  gas,  as  practised  by  Mr.  Siemens ;  and  nearly 
similar  control  can  be  got  with  ordinary  fuel  by  reverting  to  some  of  those  systems 
of  mechanical  fire-feeding  which  were  in  use  from  twenty-five  to  thirty  years  ago, 
but  which  have  been  to  a  great  extent  abandoned  in  consequence  of  the  moie 
general  adoption  of  internal  fires  and  high -pressure  boilers.  The  fires  of  such 
boilers  are  in  furnaces  of  small  diameters,  which  do  not  admit  of  the  introduction  of 
the  apparatus,  for  which  room  was  readily  found  below  the  bottoms  of  the  waggon- 
shaped  boilers  formerly  used  for  low-pressure  steam.  Other  modes  of  fire-feeding, 
however,  have  been  devised,  and  have  come,  to  a  certain  extent,  into  use,  It  la 
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not  tlio  object  of  this  address  to  enter  into  tho  details  of  such  matters  ns  these.  I 
will  therefore  content  myself  by  saying  1  am  perfectly  certain  there  is  hardly  any 
subject  more  worthy  the  attention  of  the  engineer! ban  the  replacing  the  stok'er  by 
some  mechanical  arrangement  which  shall  ail'ord  absolute  uniformity  of  firing,  and 
therefore  absolute  uniformity  of  the  conditions  of  tho  lire  j  and  this  is  a  subject 
not  only  worthy  of  attention  on  account  of  the  saving  of  coal,  but  also  on  the 
ground  of  putting  an  end  to  a  most  laborious,  exhausting,  and,  it  is  to  be  feared, 
unhealthy  occupation — viz.  that  of  1he  steamboat  fireman,  more  particularly  when 
he  is  working  in  a  hot  climate.  If  perfect  combustion  were  obtained  in  ihe  fire,  I 
do  not  think  there  would  be  much  difficulty  in  properly  utilizing  by  the  boiler  the 
heat  evolved.  All  that  is  necessary  to  attain  this  end  is  to  give  a  sulficient  amount 
of  surface  to  absorb  the  heat  and  to  transmit  it  to  the  water,  always  bearing  in 
mind  that,  above  all,  the  form  of  the  boiler  should  be  a  safe  one,  that  there  should 
be  proper  water-space  within  it  and  an  adequate  water-surface  from  which  the 
steam  could  escape,  that  it  might  do  so  with  tranquillity,  and  so  as  not  to  give  rise 
to  tho  spray  technically  known  as  u  priming,"  and  that  all  parts  of  tho  boiler 
should  be  accessible  for  cleaning. 

1  am  aware  there  is  a  temptation,  on  the  score  of  saving  expense  and  of  saving 
room,  to  make  the  boiler  of  small  size  in  relation  to  the  amount  of  coals  burnt  under 
it  and  to  tho  quantity  of  steam  required  from  it ;  but  thin  is  o  most  extravagant 
economy, — it  is  a  saving  in  tho  outset,  but  it  is  a  perpetual  source  of  lots  in  tho 
working.  Temperatures  as  high  as  800  and  even  1000  degrees  of  heat  have  been 
known  to  exist  among  the  products  of  combustion  escaping  from  the  boiler.  Now 
when  it  is  recollected  that  every  100  degrees  of  heat  in  the  outgoing  products  of 
combustion  represents  2\  per  cent,  of  the  whole  heating-power  of  the  coal,  even  if 
only  the  minimum  amount  of  air  to  ensure  perfect  combustion  is  admitted,  it  will 
1)0  wen  how  necessary  it  is  that  there  should  be  sufficient  surface  in  the  boiler  to 
absorb  the  heat  of  the  gases,  and  to  bring  them  down  to  a  few  degrees  above  the 
temperature  of  the  water  in  the  boiler  itself.  1  have  mentioned  the  temptation  to 
use  toilers  of  inadequate  size  on  the  score  of  expense  and  on  the  score  of  room.  It 
is  this  latter  reason,  no  doubt,  which  induces  shipowners  to  endeavour  to  diminish 
the  sizo  of  their  boilers  aa  far  as  practicable,  because  they  argue  that  the  space 
occupied  by  the  boilers  and  machinery  is  all  waste  room,  as  it  cannot  be  lilled 
either  with  coals  or  with  cargo.  "With  short  -voyage  steamers,  voyages  of  a  few 
hours  only,  this  argument  mav  be  a  valid  one ;  but  for  the  long-voyage  vessels  to 
India  and  elsewhere,  where  fuel  has  to  be  carried  for  from  twenty  to  thirty  days' 
steaming,  and  where  on  the  homeward  voyage  the  ships  have  to  be  supplied  with 
coal  that  has  been  brought  from  England  by  sailing-vessel  at  a  large  cost  for 
freight,  the  true  space  deducted  from  the  cargo  and  passenger-carrying  power  of 
the  steamship  is  clearly  not  that  occupied  by  the  engines  and  boilers  alone,  but 
that  occupied  by  the  engines,  the  boiler,  and  the  coal  for  those  boilers.  Even  sup- 
posing that  if;  after  enlarging  the  boilers  to  diminish  the  consumption,  the  space  to 
be  pi  von  up  to  the  engine,  boilers,  and  coal  were  still  the  same,  in  consequence  of 
the  increase  in  the  size  of  tho  boilers  being  equivalent  to  the  coal-space  saved, 
manifestly  it  would  be  to  tho  advantage  of  the  shipowner  that  that  space  should 
be,  occupfed  by  the  boilers  rather  than  by  the  coals. 

Tho  expense  of  the  boilers  is  a  first  outlay,  and  has  not  to  be  repeated  for  years 
until  the  boilers  wear  out ;  but  the  expense  of  coal  is  an  outlay  that  has  to  bo 
made  at  every  voyage,  and  therefore  it  is  a  short-sighted  policy  to  restrict  tho 
amount  of  absorbing  surface  in  a  boiler  on  the  plea  that  a  boiler  with  full^  surface 
takes  up  a  greater  space  in  the  ship,  if  by  doing  away  with  such  restriction  a 
saving  can  be  effected  in  the  fuel. 

The  beneficial  results  which  arc  attained  by  the  greater  size  of  boiler  in  relation 
to  tho  coal  burnt  and  to  the  horse-power  required  can  be  shown  not  only  by  cal- 
culation, but  by  example.  In  Her  Majesty's  ship  '  Briton/  fitted  with  extremely  ecc- 
noniic  compound  engines  of  Mr.  E.  A.  Cbwf  cr's  design,  close  upon  two  pounds  per 
horse-power  per  hour  were  burnt  when  tho  ship  was  making  thirteen  knots  ;  but 
on  being  worked  at  ten  knots  the  consumption  fell  to  1  ^  Ib.  of  coal  for  the  lesser 
horse-power  then  used. 
I  will  now  say  a  few  words  upon  the  engines, 
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The  locomotive  engine  has  for  many  years  past  being  doing  very  fair  duty.  This 
has  arisen,  I  believe,  first,  from  the  fact  that  since  the  introduction  of  coal  the 
furnaces  have  been  to  a  considerable  extent  gas-furnaces  with  a  free  admission  of 
air  through  open  fire-doors  to  the  surface  of  the  fuel. 

Second,  from  the  fact  that  the  boilers  have  large  absorbing  surfaces.  From 
these  causes  as  much  as  0  or  10  Ibs.  of  cold  water  arc  commonly  evaporated  per  Ib. 
of  coal,  while  the  engines  working  with  high  steam  and  considerable  expansion 
make  a  good  use  of  that  steam. 

In  Marine  Engineering  there  has  within  the  last  ten  years  been  an  onormous 
improvement.  The  old-fashioned  engine  working  at  20  Ibs.  steam,  and  with  injec- 
tion-condensers, is  being  abandoned  for  engines  generally  on  the  compound-cylinder 
principle,  working  at  (30  and  70  Ibs.  steam  [highly  expansive,  and  iitted  with  sur- 
face-condensers. The  result  is  a  reduction  of  the  consumption  of  fuel  in  the  same 
vessels  on  the  same  voyages,  and  performed  in  the  same  time,  of  from  40  to  60  per 
cent,  of  that  which  was  previously  burnt ;  but  1  believe  that  a  large  field  for  im- 
provement in  marine  engines  still  remains,  especially  in  the  firing  and  in  the  size 
of  the  boiler. 

Among  the  best  instances  of  what  can  be  done  in  the  way  of  economy  may  bo 
mentioned  the  rapidly  increasing  clas?  of  portabhs  agricultural  engines. 

Those  engines,  like  the  locomotive,  are,  from  their  migratory  condition,  incapable 
of  being  fitted  with  condensers,  and  thus  must  bo  worked  as  non -condensing 
engines,  exhausting  their  waste  steam  into  the  air — a  most  serious  disadvantage. 
Nevertheless  such  great  advances  have  been  made  by  the  unremitting  attention  of 
the  extremely  skilful  mechanical  engineers  who  construct  these  engines,  that  at  tlio 
late  Cardiff  Meeting  of  the  lloyal  Agricultural  Society  of  England  one  of  the 
engines  (the  prize  engine,  that  of  Messrs.  Clay  ton  and  Shuttle  worth)  ran  for  five 
hours  and  ono  minute  with  14  Ibs.  of  coal  per  horse-power,  being  therefore  a  littlo 
under  2  ^  Ibs,  of  coal  per  horse-power  per  hour;  and  this  was  the  horse-power 
of  the  dynamometer  break,  and  not  the  mere  indicated  horse-power  by  which 
marine  engines  and  other  engines  are  ordinarily  judged.  The  indicated  horse- 
power is,  of  course,  in  excess  of  that  developed  upon  tho  break,  as  the  indicated 
power  includes  all  the  engine-friction  and  break-friction  ;  and  if  thi.s  latter  horse- 
power bo  taken  as  a,  standard,  the  best  of  the  engines  tried  by  the  lloyal  Agricul- 
tural Society  this  year  at  Cardiff  will  ofler  favourable  comparison  with  even  very 
good  condensing-engiues,  and  will  be  found  to  give  a  duty  far  beyond  that  which 
ten  years  ago  would  have  been  thought  obtainable  in  any  but  the  very  best. 

It  may  be  mentioned  that  the  Cornish  pumping-engines,  which  used  to  be  looked 
upon  as  the  most  economic  of  all  engines,  are,  according  to  the  .June  monthly 
report,  doing  only  an  average  duty  of  fitt,3,,-  millions  of  Ibs.  lifted  1  foot  high  for 
1  cwt.  of  coals,  and  that  the  very  best  of  them  is  doing  only  71  -17(T  millions  of  llw., 
while  the  break  horse-power  developed  by  Messrs.  Clayton  &  Shuttleworlh's 
engine,  at  Cardiff,  gave  a  duty  of  79^  millions  of  Ibs,  This  large  duty  was  duo 
to  the  great  ability  in  the  management  of  the  fire  (as  has  already  been  hinted  at) 
and  to  the  proper  proportion  of  the  boiler  in  obtaining  the  steam,  and  to  its  thorough 
cleaning  in  preserving  it  in  the  first  instance,  and  then  to  tho  eflieient  utilization 
of  that  steam  by  high  expansion  in  a  cylinder  steam-jacketed  around  its  circum- 
ference and  at  the  ends.  But  at  the  very  same  show  there  competed  for  tho  prize 
an  engine  which, to  the  eye  of  the  uninstructed  (the  ordinary  purchaser  for  example), 
was  as  likely  an  engine  as  the  prize  engine ;  and  yet  this  engine  burnt  10  Ibs.  of 
coal  per  horse-power  per  hour,  or  nearly  four  times  that  which  was  burnt  by  tho  prize 
engine ;  and,  moreover,  it  must  be  remembered  that  tin's  wasteful  engine  was  ono 
which  the  maker  thought  worthy  to  be  sent  to  trial.  How  many  are  there,  there- 
fore, among  those  which  makers  do  not  think  worthy  to  be  sent  to  trial,  which 
must  deal  as  wastefully  or  more  waste  fully  with  coal,  and  are,  for  the  sake  of  a 
few  pounds  in  the  first  cost,  bought  by  ignorant  purchasers,  who  go  on  committing 
the  sin  of  wasting  coals  with  such  engines  until  they  are  worn  out,  the  loss 
becoming  greater  with  the  age  of  the  engine. 

It  may  be  said  that  hitherto  niy  observations  upon  consumption  in  steam- 
engines  have  contained  quite  as  much  of  praise  as  of  blame,  and  I  am  glad  to  say 
that  it  has  been  so ;  but  it  will  be  found  that  these  praises  have  referred  to  tho 
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of  railways,  which  are  under  tlio  especial  charge  of  educated  mechanical 
engineers,  who  carefully  watch  and  tabulate  all  their  results,  and  who  have  fund* 
at  their  disposal  for  the  purchase  and  maintenance  of  good  engines  —  that  they 
referred  to  the  recent  improvement  in  marine  engines,  which  engines,  heing  as  a 
whole  in  the  hands  either  of  powerful  companies  or  of  large  capitalists,  enjoy  tlio 
advantages  of  due  outlay  and  of  proper  superintendence  —  and  that  they  referred  to 
the  prize  engines  and  to  the  better  competitive  engines  of  the  portable  class,  while 
admitting  the  existence  of  a  large  number  of  such  engines  which  were  most  wasteful 
of  fuel.  But  there  remains  the  great  class  of  fixed  engines  used  for  driving  manu- 
factories, which  engines  are,  as  a  rule,  of  the  most  disgraceful  and  scandalous 
character.  In  the  iirst  place,  enormous  numbers  of  thorn  arc  non-condensing 
engines  :  as  an  excuse  for  this  it  is  in  many  instances  alleged  that  water  is  scarce 
and  that  there  is  not,  therefore,  tho  moans  of  providing  condensation.  To  meet 
such  excuses  it  'hould  be  remembered  there  are  appliances  well  known  to  scientific 
engineers  (at  all  events  that  have  been  in  use  for  many  years)  by  which  conden- 
sation can  be  effected  with  no  more  water  than  is  required  for  tho  feed  of  a  high- 
pressure  engine.  1  allude  to  tho  ordinary  cooling  ponds  for  injection-water,  and 
to  the  surface-evaporation  condenser.  In  every  instance  these  may  bo  employed  ; 
and  thus,  in  lieu  of  sending  steam  into  tho  atmosphere  at  a  pound  or  two  above 
atmospheric  pressure,  that  steam  might  be  condensed,  and  a  pressure  of  12  or 
l.'i  Ibs.  additional  throughout  tho  whole  stroke  of  tho  piston  might  be  obtained; 
moreover  the  interior  of  tho  boiler  would  be  kept  clean,  and  thus  it*  surface  would 
bo  iu  the  best  state  for  transmitting  heat. 

But  passing  by  this  question  of  tho  repugnance  to  the  use  of  condensing  engines, 
and  admitting,  for  the  sake  of  argument,  that  non-condensing  engines  may  be 
allowed,  what  does  ono  ordinarily  Jiud  as  A  type  of  tlio  non-condensing  engine  ? 
One  finds  the  cylinder  with  a  i-ubic  capacity  far  too  great  for  the  work  required  ; 
where  steam  is  used  throughout  the  stroke,  ono  finds  that  this  capacity  is  not 
utilized  as  it  might  be  by  the  employment  of  high-pressure  steam  and  considerable 
expansion,  and  that  while  the  steam,  even  in  the  boiler,  is  probably  at  only  40  Ibs. 
above  atmosphere,  the  governor  is  flying  out  nearly  to  the  lull  width,  the  throttle- 
valve  is  all  but  closed,  and  there  is  a  continuous  u\vire  drawing"  of  the  steam,  so 
that  its  average  pressure  throughout  the  stroke  of  the  cylinder  is  only  some  15  or 
20  Ibs.  above  atmosphere.  Now  when  one  recollects  that  it  requires  one  portion 
of  coal  to  get  steam  up  to  atmospheric  pressure,  and  that  this  portion  may  be 
looked  upon  as  practically  constant,  whatever  pressure  of  steam  above  atmosphere 
may  afterwards  be  attained,  and  that  if,  therefore,  steam  at  15  Ibs.  above  atmosphere 
bo  used,  half  of  all  the  fuel  is  lost,  while  if  at  ,">()  Ibs.  above  atmosphere,  £  only  is 
lost,  and  if  at  120  Ibs.  above  atmosphere,  ?,  only  will  be  lost  in  getting  up  steam  to 
atmospheric  pressure,  ono  can  understand  how  e^eiitial  it  is  that  in  non-condensing 
engines  the  steam  should  be  u^eil  at  a  really  high  pressure  ;  and  yet,  as  I  have  said, 
I  believe  that  if  the  lartre  number  of  10-  or  iHMiorso  horizontal  non-condensing 
engines  employed  bv  manufacturers  throughout  the  kingdom  were  examined,  and 
indicator  ilia-rams  "were  taken,  it  would  be  found  that  their  pressure  upon  die 
id  not  averse  much  more  than  i>0  Ibs.  above  atmosphere:  audit  is  a 


woe-  .       -- 

boiler,  not  understanding  that  if  they  would  raise  that  steam  to  IL>()  Ibs  amUhen 
work  it  non-expansively  in  a  small  cylinder,  they  would  thereby  be  obtaining  a 
great  economy,  and  if  they  would  work  it  expansively,  in  a  large  cylinder,  that 
cylinder  being  proper!  v  steam-jacketed,  they  would  obtain  a  still  greater  economy. 
I  have  now  laid  before  you  some  of  tho  points  in  which  the  boilers  and  engines 
of  tho  t>resent  day  are  below  the  standard  to  which  engineering  science  has  already 
reached,  and  in  which,  therefore,  there  is  known  opportunity  for  immediate 

imi  thlnk^hero  is  so  little  reliable  information  as  1o  the  total  horse-power  at  work 
in  the  United  Kingdom  (as  is  evidenced  by  the  fact  thai  very  recently  the  nvmiWr 
n  estimated  before  a  Parliamentary  Committee  as  low  as  50/300, 


of  boilers  ha*  been  estimated  before 
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that  I  feel  it 


and  as  high,  as  double  and  even  close  upon  quadruple  that  number), 
would  be  an  unwarrantable  waste  of  the  time  of  the  Section  if  I  were  to  invite 
them  to  follow  me  into  calculations,  or  rather  speculations,  as  to  the  exact 
earing  that  would  be  made  in  the  consumption  of  coal  consequent  upon  improving 
the  whole  of  our  steam-engines  up  to  the  present  highest  standard.  It  will,  how- 
ever, bo  quite  sufficient,  to  show  the  importance  of  the  question,  for  me  to  Fay 
(and  I  am  sure  I  should  be  perfectly  safe  in  saying)  that  such  saving  would  have 
to  bo  estimated  by  millions  of  tons. 

Such  a  saving,  as  I  have  said,  is  one  that  might  be  made  with  our  present  know- 
ledge ;  but  when  we  recollect  that  an  engine  burning  even  as  little  as  2  Ibs.  of  coal 
per  indicated  horse-power  per  hour  is  still  developing  only  one  tenth  of  all  the 
power  which,  according  to  calculation,  resides  in  that  coal,  there  is  manifestly  a 
vast  scope  for  our  mechanical  engineers  in  the  exercise  of  their  talents  for  producing 
further  economy. 

But  let  not  users  of  coal  remain  indifferent  to  savings  on  their  present  consump- 
tion until  those  improvements  are  discovered  by  scientific  men  j  on  the  contraty, 
let  them  forthwith  do  every  thing  in  their  power  to  reduce  the  consumption 
to  the  extent  to  which  present  science  and,  m  some  instances,  present  practice 
show  the  consumption  can  be  reduced.  One  is  apt,  at  first  sight,  to  marvel  that 
owners  of  steam-engines  should  bo  so  blind  to  their  own  interest,  and  should  permit 
waste  to  go  on  day  after  day  and  year  after  year — a  waste  not  only  prejudicial  to 
the  community  at  large  and  to  succeeding1  generations,  but  a  waste  causing  constant 
expense  to  those  who  commit  it,  and  a  waste,  therefore,  that  one  would  think  such 
persons  would  only  be  too  ready  to  stop  ;  but  the  fact  is,  there  are  several  reasons 
why  manufacturers  and  others  permit  the  waste  to  go  on. 

In  prosperous  times  those  engaged  in  manufactures  are  too  busy  earning  and 
saving  money  to  attend  to  a  reorganization  of  their  plant ;  in  bad  times  they  are 
too  dispirited  and  too  little  inclined  to  spend  the  money  that  in  better  times  they 
have  saved  in  replacing  old  and  wasteful  appliances  by  new  and  economical  ones ; 
and  one  feels  that  there  is  a  very  considerable  amount  of  seeming  justification  for 
their  conduct  in  both  instances,  and  that  it  requires  a  really  comprehensive  and 
large  intelligence  and  a  belief  in  the  future,  possessed  by  only  a  few  out  of  the  bulk 
of  mankind,  to  cause  the  manufacturer  to  pursue  that  which  would  be  the  true 
policy  as  well  for  his  own  interests  as  for  those  of  the  community.  But  there 
is  a  further  and  a  perpetual  bugbear  in  the  wny  of  such  improvements,  and  that 
bugbear  is  the  so-called  "practical  man  ;"  *md  he  was  in  my  mind  when,  in  pre- 
vious parts  of  this  address,  1  have  hinted  at  the  existence  of  an  obstacle  to  the 
adoption  of  improvement. 

I  do  not  wish  the  Section  for  one  moment  to  suppose  that  I,  brought  up  ns  an 
apprentice  in  a  workshop,  and  who  all  my  life  have  practised  my  profession,  intend 
to  say  one  word  against  the  truly  practical  man.  On  the  contrary,  lie  is  the  man 
of  all  others  that  I  admire,  and  by  whom  I  would  wish  persons  to  be  guided — because 
the  truly  practical  man  is  one  who  knows  the  reason  of  that  which  he  practises, 
who  can  give  an  account  of  the  faith  that  is  in  him,  and  who.  while  he  possesses 
the  readiness  of  mind  and  the  dexterity  which  arise  from  the  long-continued  end 
daily  intercourse  with  the  subject  of  nis  profession,  possesses  also  that  necessary 
amount  of  theoretical  and  scientific  knowledge  which  justifies  him  in  pursuing  any 
process  he  adopts,  which  in  many  cases  enables  him  to  devise  new  processes,  or 
which,  at  all  events,  if  he  be  not  of  an  inventive  quality  of  mind,  will  enable  him 
to  appreciate  and  value  the  new  processes  devised  by  others.  This  is  the  truly 
practical  man,  about  whom  I  have  nothing  to  say  except  that  which  is  most  lauda- 
tory ;  but  the  practical  man  as  commonly  understood  moans  a  man  who  knows 
the  practice  of  his  trade  and  knows  nothing  else  concerning  it — the  man  whoso 
wisdom  consists  in  standing  by  seeing,  but  not  investigating,  the  now  discoveries 
which  are  taking  place  around  him,  in  decrying  those  discoveries,  in  applying  to 
those  who  invent  improvements,  even  the  very  greatest,  the  epithet  of  "  schemers," 
and  then,  when  he  finds  that,  beyond  all  dispute,  some  new  nmtler  is  good  and  had 
come  into  general  practice,  taking  to  it  grumblingly,  but  still  taking  to  it,  because 
if  he  did  not  he  could  not  compete  with  his  co-manufacturers,  the  aim  and  object 
of  such  a  man  being  to  ensure  that  he  should  never  make  a  mistake  by  embarking1 
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his  capital  or  his  time  in  that  which  has  not  heen  preyed  by  men  of  large  hearts 
and  large  intelligence. 

It  is  such  a  practical  man  as  this  -who  delays  all  improvement  For  years  ho 
delnyed  the  development  in  England  of  the  utilization  of  the  -waste  gases  of  blast- 
furnaces ;  and  he  has  done  so  so  successfully  that,  as  I  have  already  had  occasion  to 
remark,  that  utilization  is  by  no  means  universal  in  this  kingdom.  It  was  such 
men  as  these  who  kept  back  surface-condensation  for  twenty  years. 


,  and  pi 

In  the  next  generation  his  successor  would  bo  a  believer  in  semaphores  j  and  when 
the  electrical  telegraphist  camo  to  him  and  said,  '*  J)u  you  know  that  1  can  transmit 
movement  by  invisible  electrical  power  through  a  wire  however  long  &  and  it  seems 
to  me  that,  if  one  were  to  make  a  code  out  of  these,  movements,  I  could  speak  to  you 
at  Portsmouth  at  one  end  of  the  wire  while  I  Mas  in  London  at  the  other,"  what 
would  have  been  the  answer  of  the  pmctienl  man  '?  "  Sir,  I  don't  believe  in  trans- 
mitting messages  by  an  invisible  a^eney;  I  am.  a  practical  man,  and  I  belie\e  in 
semaphores,  which  t  can  see  working." 

In  like  manner,  when  the  Siemens' s  Regenerative  Gas-Furnace  was  introduced, 
what  wild  the  praciicnl  man  ?  "  Turn  your  cools  into  gas,  and  burn  the  gas,  and 
then  talk  <>f  regeneration  !  I  don't  know  what  you  mean  by  regeneration,  except  in 
a  spiritual  sense  ;  I  am  a  practical  man,  and  if  I  want  heat  out  of  coals  I  put  coals 
on  to  a  fire  and  burn  them:"  and  for  fifteen  years  the  practical  man  has  been  the 
bar  to  this  most  valuable  improvement  in  metallurgical  operations. 

The  practical  man  is  beginning  slowly  to  yield  with  respect  to  these  furnaces, 
because  he  finds,  as  1  have  already  said,  that  men  of  greater  intelligence  have  now 
in  sufficiently  largo  numbers  adopted  the  invention  to  make  a  formidable  competi- 
tion with  the  persons  who  stolidly  refuse  to  be  improved. 

The  same  practical  man  for  years  stood  in  the  way  of  the  development  of  Bes- 
semer steel.  Now  he  has  been  compelled  to  become  a  convert. 

I  will  not  weary  you  by  citing  more  instances ;  but  one  knows,  and  one's  expe- 
rience teaches  him,  that  this  is  the  conduct  of  the  so-called  practical  man  j  and  tnis 
conduct  arises  not  only  from  the  cause  which  I  have  given  (his  ignorance  of  the 
principles),  but  also  from  another  eanse  (one  \shich  I  have  had  occasion  to  allude 
to  when  speaking  upon  a  different,  subject),  and  that  is,  you  offend  his  pride  when 
you  come  to  him  and  say.  u  Adopt  such  a  plan ;  it  is  an  improvement  on  the  process 
you  carry  on."  His  instinct  revolts  at  the  notion  that  you — a  stranger,  very  likely 
liis  junior,  and  very  probably,  if  the  improvement  be  an  original  and  radical  one,  a 
person  not  even  connected  with  the  trade  to  which  that  improvement  relates — 
should  dare  to  tell  him  that  you  can  inform  him  of  something  connected  with  his 
business  that  he  did  not  know. 

It  may  be  said  that  employers  and  the  heads  of  manufactories  are,  as  a  rule,  in 
these  days,  educated  gentlemen,  nnd  thnt,  therefore,  it  is  wrong  to  impute  to  them 
the  narrowmindedness  of  the  practical  man.  1  agree  that  in  numerous  instances 
this  would  be  wrong  ;  but  the  fact  is,  that  in  many  cases  (I  think  I  may  say  inmost 
cases)  the  head  of  the  establishment,  the  monied  man,  the  man  who  by  his  com- 
mercial ability  (that  most  necessary  element  in  all  establishments)  keeps  the  con- 
cern going  by  finding  lucrative  orders,  is  not  intimately  acquainted  with  the  practice 
of  the  business  carried  on  by  his  firm  :  he  relies  upon  some  manager  or  foreman, 
who  too  commonly  is  not  the  real  but  the  so-called  practical  man.  It  is  such  men 
ns  those  who  simply  practice  that  which  they  have  seen,  without  knowing  why  they 
practice  it ;  to  them  the  title  of  practical  man  hns  most  improperly  been  attributed  j 
and  it  is  on  the  advice  of  such  men  that  the  true  heads  of  the  hrm  too  commonly 
regulate  their  conduct  as  to  the  management  of  their  business,  and  as  to  the  neces- 
sary changes  to  be  made  in  the  way  of  improvement. 

As  I  have  said,  the  practical  man  derides  those  who  bring  forward  new  Inven- 
tions, and  calls  them  schemers.  No  doubt  whatever,  they  do  scheme  ;  and  Well  it  is 
for  the  country  that  there  arc  men  who  do  so.  It  also  mav  be  true  that  the  ma- 
jority of  schemes  prove  abortive  5  but  it  must  be  recollected  that  the  whole  pro- 
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gross  of  art  and  manufacture  has  depended,  and  will  depend,  upon  successful  dis- 
coveries which  in  their  inception  were,  and  will  be  schemes,  just  as  much  as  were 
those  discoveries  that  have  been,  and  will  be,  unfruitful ;  but  the  successful  dis- 
coveries, because  they  are  successful,  are  taken  out  of  the  category  of  schemes 
when  years  of  untiring  application  on  the  part  of  the  inventors  have,  so  to  speak^ 
thrust  them  down  the  throat  of  the  unwilling  practical  man.  Take  the  instance  of 
Mr.  Bessemer,  who  was  beset  for  years  by  difficulties  of  detail  in  his  groat 
scheme  of  improvement  in  the  manufacture  of  steel.  As  long  as  he  was  so  beset, 
the  practical  men  chorused,  "  he  is  a  schemer  j  he  is  one  of  the  schemers 5  it  is  a 
scheme." 

Supposing  that  these  practical  difficulties  had  beaten  Mr.  Bessemer,  and  that  they 
had  not  been  overcome  to  this  day,  the  practical  man  would  have  derided  him  still 
as  a  schemer,  although  the  theory  and  groundwork  of  his  invention  would  have  boon 
as  true  under  these  circumstances  as  it  now  is.  Fortunately  for  the  world,  and 
happily  for  him,  he  was  able  to  overcome  these  most  vexatious  hindrances,  and 
make  his  invention  that  which  it  is.  No  one  now  dares  to  apply  the  term  "  schemer1' 
to  Mr.  Bessemer,  or  "  scheme"  to  his  invention  ;  but  it  is  as  true  now  that  he  is  a 
"schemer,"  and  his  invention  a  "  scheme,"  as  it  would  have  been  had  he  failed  up  to 
the  present  to  conquer  the  minor  difficulties.  It  is  a  species  of  profanation  to  sug- 
gest, but  I  must  suggest  it,  for  it  is  true,  that  Watt,  Stephenson,  Faraday,  and 
almost  every  other  name  among  the  honoured  dead  to  whose-  inventive  genius  we 
owe  the  development  that  has  taken  place  within  the  last  century  in  all  the  luxuries, 
the  comforts,  even  the  bare  necessities,  of  our  daily  existence,  would  in  their  day, 
and  while  struggling  for  success,  have  been  spoken  of  as  schemers,  even  in  respect 
of  those  very  inventions  of  which  we  are  now  enjoying  the  fruits.  Hut  I  feel  I  need 
not  labour  this  point  further  at  a  Meeting  of  the  Mechanical  Section  of  the  British 
Association, — an  Association  established  for  the  Advancement  of  Science. 

I  know  I  shall  be  accused  of  decrying  the  practical  man,  and  of  upholding  the 
st  schemers."  I  say  most  emphatically  that  I  do  not  decry  the  practical  man.  L 
plead  guilty  to  the  charge  of  decrying  the  miscalled  practical  in  an,  and  I  glory  in 
my  guilt,  while  [  readily  accept  that  which  I  consider  the  praise  of  upholding 
''schemers;"  and  I  do  so  for  this  simple  reason,  that  if  there  were  no  schemers 
there  would  be  no  improvement. 

I  think  it  becomes  a  scientific  body  like  the  British  Association  to  laud  the 
generous  efforts  of  the  unsuccessful  inventor,  rather  than  to  encourage  the  cold  sel- 
fishness of  the  man  who  stands  by  and  sees  others  endeavour  to  raise  the,  structure 
of  improvement  without  lending  a  hand  to  help,  and  even  sneers  at  the  builders, 
but  when  the  structure  is  fully  raised  and  solidly  established,  claims  to  come  in  to 
inhabit^  and,  being  in,  probably  essays,  cuckoo-like,  to  oust  the  builders  and  to  take 
possession  for  his  own  benefit. 

One  word  in  conclusion.  Can  we  not  devise  some  means  by  which  consumers  of 
coal  may  be  instructed  in,  shamed  into,  or  tempted  to  the  economical  use  of  that 
most  valuable  material  ? 

The  Royal  Agricultural  Society  of  England,  by  its  judicious  (-floi'ls  for  many 
years  past,  by  the  institution  of  trials  and  the  giving  of  prizes  lor  the  brat  engines, 
has  brought  the  consumption  of  coal  down  from  10'lbs.  per  hoive-power  to  a  "little 
over  one  quarter  of  that  quantity. 

Could  we  not  institute  a  society  which  should  devote  itself  to  the  recording 
and  the  rewarding  of  the  performances  of  steamboats,  and  of  iixed  engines  for  land- 
purposes  ? 

1  am  aware  it  is  supposed  there  is  a  difficulty  in  these  cases  which  docs  not  ob- 
tain in  the  case  of  portable  engines  that  can  be  brought  for  trial  upon  a  dynamo- 
meter, and  that  is  that  the  power  exerted  by  marine  engines  varies  during  the 
voyage^and  is  not  that  which  is  developed  at  the  measured  mile ;  while  in  a  manu- 
factory it  varies  according  to  the  conditions  of  the  trade,  and  to  the  extent  to  which 
the  British  workman  condescends  to  attend  to  his  work. 

But  there  are  implements  which  record  the  horse-power  exerted  from  moment 
to  moment,  and  register  it  on  indices  as  readable  as  those  of  an  ordinary  counter  of 
an  engine,  or  as  those  of  a  gas-meter. 

I  Mieve  that  one  of  the  very  greatest  incentives  to  economical  working  which 
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the  owners  of  steamboats  could  offer  to  their  engine-builders  and  engineers  -would 
bo  the  application  of  such  implements  as  these.  Were  they  employed,  the  ship- 
owner would  know  at  the  end  of  the  voyage  so  much  horse-power  had  been  exerted 
as  a  whole,  that  so  much  coal  had  been'bumed,  and  that  the  result,  therefore,  was 
a  consumption  of  so  many  pounds  per  horse-power  per  hour.  All  the  effects  of  head- 
winds in  retardation,  and  all  the  aid  of  cam  as  to  the  engine-power,  would  be  elimi- 
nated from  the  calculation.  'Jin1  continual  indicator  would  register  truly  the  work 
the  engine  had  to  do,  whether  that  work  v%as  made,  exclusive"  by  contending  with 
head-winds,  or  was  rendered  light  by  fa\  durable  breezes  and  the  assistance  of  canvas. 
In  the  same  way  the  pmpiietor  of  the  engine  for  manufacturing-purpose?,  the  cotton- 
mill,  the  woollen-mill,  the  corn-mill,  and  even  the  highly  irregularly  working1  rolling- 
mills  and  saw-mills,  would  be  able  at  the  end  of  the  quarter  to' say — u  Not  with- 
standing nil  the  variations  of  my  trade  and  rate  of  manufacture,  1  Know  that  my 
engines  hti\<j  exerted  so  much  power;  1  know  that  1  have  burned  so  much  coal,  and 
tl i at,  therefore,  such  mid  such  luuobeen  the  economic  results/'  Assuming  that 
steamboat  proprietors  and  the  owners  of  tixed  land-engines  would  go  to  the  expense 
of  upphing  such  continuous  recuiding  implements  as  then*  to  their  engines,  and 
would  become  members  of  an  MfSociation  for  the  purpose  of  Ai-iting  and  inspecting 
and  of  reporting  upon  their  machinery,  and  of  giving  prizes  to  the  men  in  charge 
for  careful  attention,  prixc.-  to  the  manufacturers  for  original  good  design  and  work- 
manship of  the  engines,  and  prizes  to  the  proprietor  for  their  public  spirit  in  having 
bought  that  \\hich  wn>  good  instead  of  that  which  was  bad  and  cheap,  and  f b  • 
hating  employed  intelligent  and  careful  workmen  instead  of  ignorant  and  careless 
ones,  J  believe,  within  a  few  A  cars,  as  great  an  improvement  might  bo  seen  among1 
the  marine  and  iiuinufjicUuing  ela>s  of  engines  as  has  been  effected  by  the  laudable 
exertions  of  the  JJotul  Agricultural  Society  of  Kngland  among  the  portable  ones. 

I  think  the  initiation  of  scnuu  such  society  as  this  would  be  a  practically  useful 
result  from  the  meeting  of  Section  "  ({.'' 

It  now  only  remains  for  me  to  thank  you  most  sincerely  for  the  patience  with 
which  you  have  listened  to  an  address  that,  as  regards  length,  ban  exceeded  the 
bounds  within  which  most  previous  Presidents  have  confined  themselves.  My 
excise  IF,  that  the  subject  of  economy  in  the  use  of  coal  is  in  itself  so  highly  im- 
portant to  etcry  member  of  the  community  that  1  felt  it  warranted  me  in  detaining 
you  for  a  few  minutes  longer  than  the  iu>ual  time. 


Jhyrirf  and  Economical  Transport  of  AhrcJunuliw.    By  C. 

The  author  proposes  to  pack  the  materials  for  transport  in  iron  spheres  of  4  feet 
to  l>  or  7  feet  diameter,  and  to  pro>  idea  concave  roadway  of  sheet-steel  resting  on 
sleepers,  or,  where*  m-ce.-sary  for  crossing  valleys,  suspended  from  pillais  or  piers, 
oil  the  principle  of  the  suspension-bridge,  down  which  these  loaded  spheres  may 
roll  by  their  own  gnvvity,  the  empty  spheres  being  brought  buck  in  tubes,  on 
the  principle  of  the  pneumatic  despatch, 


On  a.  Modification  of  the  Eartli- Closet.     By  D.  T.  BOSTPL. 


On  Aerial  Naviyation.     By  C.  A.  BOWDLKR. 

The  author  thought  the  autumn  manoeuvres  would  be  an  excellent  opportunity 
for  trying  experiments,  and  that  aerostation  would  become  an  important  element  in 
military  science.  Hitherto  captive  balloons  only  had  been  used ;  but  it  was  by  no 
means  improbable  that  circumstances  would  occur  where  it  would  be  most  desirable 
to  pass  o\  cr  the  enemy's  position,  and  it  would  then  bo  important  to  have  the 
power  of  deflecting  the  balloon  from  the  wind  course,  either  to  the  right  or  to  the 
left,  aa  required.  Captive  balloons  could  not  be  used  in  safety  in  high  winds,  on 
account  of  violent  rocking  of  the  car.  Tho  writer  then  proceeded  to  review  the 
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principles  of  aerostation,  and  to  show  that  aerial  navigation  was  practicable  only  to 
a  certain  limit  by  simple  mechanical  means.  Of  the  practicability  of  applying 
8  team-power  he  had  no  hope,  the  weight  of  a  steam-engine  made  as  light  as 
possible,  consistent  with  due  strength,  being  much  too  great  for  any  gas  balloon  to 
support.  The  power  he  proposed  was  manual,  being,  he  believed,  the  only  power 
applicable  to  gas  balloons.  But  propulsion  baying  been  secured,  the  question 
arose  how  the  power  of  direction  could  bo  acquired,  that  baing  of  the  utmost 
importance  in  actual  warfarn.  That  was  accomplished  by  rotating  the  balloon  to 
any  required  position,  and  then,  holding  it  from  further  motion,  the  rotation  was 
completely  under  tho  control  of  the  aeronaut.  A  rudder  wtis  tlje  instrument  to  be 
used  for  that  purpose,  a  vertical  disk  iixed  in  a  line  with  the  axis  of  the  propeller, 
By  turning  tho  plane  of  the  disk,  the  current  of  air  forced  from  the  fan  on  tho 
rudder  caused  the  whole  machine  to  rotate  right  or  left,  precisely  as  the  rudder  of 
a  ship  guided  the  vessel. 

On  a  Modification  of  the  Ewfh- Closet.     By  I).  C  UITBB. 


Progress  of  the  Through  Railway  to  India. 
By  HYDE  CIARKR,  (7./£,  Oorr,  Mem.  of  the  Vienna  Institution  of  Engineers. 

The  progress  of  the  railways  in  Turkey  is  of  interest  in  connexion  with  the  through 
railway  to  India.  On  this  side  the  railway  to  India  has  long  since  reached  llisiush 
on  the  Danube  and  halted  there  ;  but  at  length  the  Turkish  Government  had  taken 
measures  for  its  extension.  Tho  main  line  will  be  from  Hungary  through  Servia  to 
Filibeh  (Philipopoli),  and  Eireneh  (Adriauople)  to  Constantinople. 

On  account  of  political  difficulties  raised  by  the  Servian  administration,  tho 
works  have  been  carried  on  at  other  points ;  but  the  Servian  junction  having  boon 
arranged  operations  will  be  begun  there.  The  works  now  in  progress  are  from 
Filibeh  to  Constantinople,  with  brandies  from  Uskup  to  Salonika  and  the 
Mediterranean,  and  from  Edreneh  to  Dedeh  Aghaj  on  the  same  sea.  The  portions 
open  or  ready  for  opening  are  : — 

Edreneh  to  Ilarmanli   40  miles. 

Constantinople  to  Chekmejeh;  £c «iO      99 

Salonika  branch     05      ,, 

Edreneh  branch     1)0      „ 

The  Constantinople  terminus  is  ready. 

Only  25  miles  will  at  the  end  of  the  year  remain  uncompleted  between  Constan- 
tinople and  Kdreneh. 

A  connexion  is  proposed  between  Edrench  and  tho.  Varna  and  lluschuk  railway, 
which  has  a  circuitous  connexion  with  tho  Austro-IIunjyarian  and  Kussian  railways, 

The  Salonika  branch  is  proposed  as  a  steam-boat  station  for  Smyrna,  Skanderven, 
and  the  Euphrates  valley  and  Alexandria 

No  measures  are  taken  for  passing  tl.e  Bosphorus  at  Constantinople  except  by 
steam-boat. 

In  the  Asiatic  suburb  of  Constantinople,  at  Skutari,  tho  Asia  Minor  section  of 
the  through  railway  to  India  has  been  begun  and  continued  to  Ismid.  Tho 
continuation  from  Ismid  to  Angora,  400  miles,  has  just  been  granted  to  Mr. 
Fressel,  Chief  Engineer  uf  the  Roumelianraihvfly.^and'willbo  pushed  with  vigour. 


On  tlie  Drainage  of  ShoreJiam.     By  J,  P. 


The  Sewaf/e  Difficulty.     By  T.  CUIIIEY,  F.G.8. 


On  Breach-Loading  Firearms.     By  C.  F.  DKNNKT. 
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On  certain  Economical  Improvements  in  the  Construction  of  Locomotive 
Engines,  by  the  addition  of  Mechanical  Appliances  for  the  use  of  Heated  Air 
111  combination  with  ftteam,  on  the  principle  invented  by  Greorye  Warsop.  B\j 
RICHARD  EATON. 

This  paper  is  supplementary  to  those  read  by  tko  samo  author  at  Exeter  and 
Liverpool,  and  gives  the  details  of  ably  conducted  and  exhaustive  experiments 
inado  on  a  locomotive,  tlie  property  of  the  Lancashire  and  Yorkshire"  Itailway 
Company,  in  regular  work,  mainly  as  a  goods  engine,  but  occasionally  doing  pas- 
senger-train duty  in  the  Liverpool  district.  The' use  of  the  heated-air  injection 
wart  found  to  detach  old  scale,  of  considerable  thickness,  from  the  boiler  in  all 
parts,  and  to  prevent  the  formation  of  new,  thus  diminishing-  the  item  of  "  cost  of 
maintenance,"  and  prolonging  the  life  of  boilers,  tubes,  and  fire-boxes.  A  great 
economy  of  fuel  was  also  'demonstrated,  a\  erasing  frequently  30  per  cent.  'The 
air-system  was  found  to  work  in  harmony  with  the  injectors,  and  of  groat 
service  at  critical  moments,  such  as  when  an  engine,  caught  in  a  snow-storm,  with 
a  heavy  load  to  draw  up  an  incline,  requires  every  aid  to  its  motive  power  that 
mechanical  science  can  give.  Less  coal  being  consumed,  the  atmosphere  in  tunnels 
will  be  purer. 

On  Marine  Propulsion*.     By  W.  11.  ECKART  (late  of  U.S.  Navy). 

This  paper  contained  an  account  of  the  construction  and  machinery  of  a  steam 
launch  fitted  with  delicate  dynamometric  apparatus  for  testing  its  resistance  at 
various  speeds.  It  was  constructed  at  the  Auvy  Yard,  Mare  Island,  California, 
and  a  very  great  number  of  careful  experiments  were  made  to  determine  the 
resistance  both  of  the  boat  and  of  the  engines.  The  paper  was  illustrated  by 
tables  and  engravings.  

On  the  Steering  of  Ships,  in  special  relation  to  a  new  form  of  Rudder* 
By  W.  FLEMING. 


Description  of  the  New  Branch  Canal  hading  from  the  Canal  Cavour  for  Irri- 
yatiny  the  Province  of  Lomellina.     By  P.  LE  NEYE  FOXIER,  Jun. 

The  author,  who  had  had  tho  direction  of  the  works,  described  them  in  consider- 
nble  technical  detail,  pointing  out  their  groat  importance  to  tho  productive  resourced 
of  the  district,  not  only  in  nn  agricultural  point  of  view,  but  as  providing  con- 
siderable water-power,  available  for  manufacturing-purposes. 


Description  of  an  Apparatus  for  automatically  recording  the  RolHny  of  a 
in  a  tiiawttyi-.     By  W.  FHOUJJK,  FM.S. 


The  fundamental  principles  on  which  tho  performance  of  the  apparatus  depends 
ftro  ;  —  (Ij  That  when  waves  act  on  a  ship  or  other  floating  body  which  would  stand 

*  Printed  in  full  in  the  Transactions  of  the  Institution  of  Naval  Architects  for  1872, 
and  in  tho  'Engineer'  Newspaper  for  L'.'frd  August,  1872,  vol.  xxxiv.  p.  12,\ 

t  Mr.  Froudo  in  the  discussion  mentioned  that,  although  the  apparatus  ho  had  described 
•was  wholly  his  own  invention,  he  had  since  found  that  a  French  naval  architect  had  con- 
trived sm  'instrument  substantially  the  same  a  few  jeurs  ago,  having  in  tho  first  instance 
iwulo  tho  pendulum-apparatus,  and  then  added  an  apparatus  for  observing  tho  horizon 
such  as  ho  had  first  described.  Ho  had  been  in  correspondence  with  this  gentleman,  and  it 
gave  him  groat  pleasure  to  find  that  in  an  invention  of  which  lie  had  thought  himself  tho 
originator  ho  had  been  preceded  by  two  or  three  years  by  &  very  ablo  man.  It  was, 
however,  a  satisfaction  to  mm  that  ho  was  at  tho  present  timo  ahead  of  his  friendly  com- 
petitor in  tho  race  so  far  as  regarded  tho  delicately  hung  heavy  fly-wheel  which  was  to 
furnish  an  automatic  constant  record  of  the  angles  of  absolute  rolling,  or  deviations  from 
tho  horizontal,  assumed  at  each  moment  by  tho  ship. 
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Btably  upright  in  still  water,  she  is  for  the  moment  in  equilibrium  if  upright  or 
normal  to  the  mean  or  effective  slope  of  the  wave  which  she  occupies  ;  and  if  she 
have  a  given  righting'  force  when  inclined  to  a  given  angle  in  still  water,  she  will 
be  urged  by  approximately  the  same  righting  force  towards  the  normal  position  in 
wave  water  if  she  at  any  moment  deviate  from  it  by  the  same  inclination.     (2)  A 
plumb-lino  or  pendulum,  if  its  point  of  suspension  be  at  or  very  near  the  ship's 
centre  of  gravity,  will  hang  at  rest  if  it  occupy  the  normal  position,  and  if  it  have 
a  very  short  period  of  oscillation  it  will  instantly  assume  that  position  throughout 
the  changes  of  the  wave-slope.     The  apparatus  in  question  might  be  thus  described. 
A  revolving  cylinder  covered  with  paper  and  turned  by  rough  clockwork  received 
the  marks  made  by  several  pens.     One  of  these  pens  recorded  time,  jerks  being 
given  it  at  successive  equal  intervals  by  an  exact  clock.     The  apparatus  being 
placed  at  the  centre  of  gravity  of  the  ship,  a  pendulum  of  very  short  period  and 
considerable  power,  oscillating  in  the  plane  transversely  with  the  keel,  recorded 
continuously  by  a  second  pen  the  angles  which  the  ship  at  eaclf  moment  made 
with  the  mean  or  effective  surface  of  the  wave.    Another  pen  actuated  by  a 
locking-arm,  kept  level  by  an  observer  on  deck,  who  pointed  it  to  the  horizon, 
recorded  the  angle  the  ship  made  with  the  horizon  ;  and  from  the  record  thus 
obtained  the  amount  of  the  roll  of  the  ship  with  regard  to  the  wave-slope  was  at 
once  shown  :  the  form  of  the  wave,  too,  could  be  easily  worked  out  graphically,  the 
wave-slope  at  each  moment  being  simply  the  difference  between  the  records  pro- 
duced by  the  pendulum-pen  and  the  horizon-pen  respectively.     But  the  graphic 
integration  of  the  results  supplied  by  the  pendulum-pen,  if  correctly  performed, 
supplied  what  might  be  called  the  theoretical  measure  of  Ihe  oscillations  which 
the  ship  ought  to  have  performed  with  regard  to  the  horizon  during  the  period 
embraced  in  the  record  ;   for  the  pendulum  record  itself  supplies  throughout  a 
measure  of  the  accelerating  force  by  which  the  ship's  oscillation  is  governed ;  so 
that  the  integration  of  this  gives  a  diagram  representing  the  angular  velocity  which 
the  ship  should  theoretically  have  acquired  under  the  operation  of  that  force ; 
and  the  integration  of  the  velocity  diagram  in  turn  ghes  the  sequence  or  total  of 
motions  which  the  varying  velocity  involves.     The  performance  of  these  integra- 
tions involves,  indeed,  a  correct  knowledge  of  the  ship's  dynamic  constants ;  but 
these,  so  far   as    they  are    not   already  known    by  calculation,   may  be  readily 
obtained  by  a  single  experiment  with  the  ship  in  still  water,  where,  if  she  bo 
artificially  brought  into  oscillation  (an  operation  easily  performed),  and  the  instru- 
ment be  made  to  record  the  oscillations  as  they  subside  under  the  influence  of 
resistance,  the  natural  period  of  her  oscillation  is  at  once  known,  and  the  coefficient 
of  resistance  is  deductible  in  a  shape  which  is  approximately  applicable  to  the  ship's 
seaway  oscillation.      All  the  conditions  required  for  the  integration   arc  thus 
supplied.     Several  seiies  of  diagrams  thus  obtained  by  the  oscillation  of  ships 
in  a  seaway  had  been  thus  integrated,  and  the  theoretical  oscillations  accorded 
with  the  recorded  oscillations,  so  that  the  fundamental  elements  of  the  theory  of 
rolling  had  been  most  satisfactorily  veiiiied.     An  apparatus  had  also  been  com- 
pleted consisting  of  a  hcaiy  stationary  wheel,  which  was  so  delicately  supported  ns 
to  be  incapable  of  receiving  any  rotation  from  the  motion  of  a  ship.  *  This  wheel,  if 
placed  transversely  in  the  ship,  would  remain  quite  undisturbed  while  she  rolled, 
and  would  thus  supply  the  place  of  the  horizontal  bar  above  described,  held 
level  by  the  observer  on  deck.     The  wheel  was  3  ft.  in  diameter  and  200  Ib.  in 
weight.     Through  the  boss  was  carried  out  a  strong  steel  axis,  the  prolonged  ends 
of  which  were  coated  with  hardened  steel.      The  axis  thus  prolonged  rested 
between  two  pairs  of  rocking-arms,  the  ends  of  each  pair  forming  a  kind  of  V-  Tho 
ends  of  the  aims  were,  in  fact,  hardened  steel  plates,  forming  segments  of  circles 
struck  from  the  axes  or  centres  on  which  the  arms  rocked,  so  that  they  were 
virtually  portions  of  the  circumferences  of  very  large  friction-rollers.    Jn  order  still 
further  to  reduce  the  friction  of  the  working  parts,  the  axes  of  the  rocking-nrms 
were  finally  reduced  to  hardened  steel  pins  of  small  diameter,  and  so  mounted  that 
their  motions  when  of  small  range  should  be  rolling  not  sliding  motions,  and  profit 
delicacy  was  thus  obtained.     The  centre  of  gravity  wag  brought  to  within  0-C(M>  in. 
of  the  axis  of  suspension,  and  the  time  of  a  single  swing  was  over  thirty-five 
seconds :  yet  so  great  was  the  delicacy  of  the  suspension,  that  a  weight  of  ^  j  sV 
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of  that  of  the  wheel  itself,  if  placed  at  its  extreme  radius,  would  produce  an 
oscillation  of  Ij-in.  in  range,  and  which  would  continue  for  many  minutes;  or  if 
the  wheel  were  moved  00  degrees  from  its  position  of  rest,  the  oscillations  would 
continue  for  nearly  twenty  minutes,  the  movement  being  so  slow  and  solemn  as  to 
impress  on  the  mind  of  an  observer  who  had  not  seen  it  put  in  motion  thot  the 
aetion  was  self-originated  or  induced  by  some  mysterious  agency,  The  oscillation 
of  a  ship  could  not  rmt  such  a  wheel  in  motion ;  or  rather,  if  an  infinitesimal 
motion  were  produced,  this  would  bo  of  so  long  a  period  that  its  effects  would  be 
easily  separable  from  those  proper  to  the  oscillation  of  the  ship.  Thus  the 
indications  would  be  more  exact  than  those  produced  by  the  rockiug-nrni  on  deck. 
The  apparatus  last  described  on  deck  had  not  ye*  been  tried,  and  was  awaiting  a 
good  rough  day  at  Plymouth. 

The  BnyJiton  Intercepting  and  Outfall  Sewers.     By  JOHN  G.  GAMBLE,  B.A. 

Hitherto  the  sewage  of  Brighton  has  been  partly  received  by  cesspools,  partly 
carried  by  various  outfalls  direct  into  the,  &en.  The  cesspools  are  being  gradually 
abolished;  but  although  nearly  all  the  present  outfalls  now  di>chargc  under  the 
sea  beyond  low-water  mark,  yet  the  nuisance  to  bathers  and  to  people  in  boats  is 
considerable.  The  intercepting  sewer  designed  by  Mr.  llawkshtiw,  C.E.,  and  at 
present  in  course  of  conduction,  will  intercept  all  the  existing  outfalls,  and  will 
carry  the  sewapR  away  to  the  eastward  four  miles  from  the  nearest  point  of 
Brighton,  where  it  may  either  be  discharged  into  the  sea  or  utilized.  Float  experi- 
ments undertaken  oft"  Portobello  prove  that  no  nuisance  can  possibly  bo  caused  to 
Brighton. 

The  sewer  is  of  circular  section  throughout,  being  of  5  feet  internal  diameter  for 
nearly  two  miles,  and  7  feet  internal  diameter  for  more  than  seven  miles.  The  fall 
is  3  feet  per  mile. 

At  some  towns  the  sewers  are  required  to  act  as  land-drains  as  well  as  sewage- 
carriers.  This  very  objectionable  plan  is  not  necessary  at  Brighton,  as  the  land 
water  sinks  down  into  the  chalk,  and  comes  out  on  the  shore  at  low  tide  without 
troubling  the  basements  of  the  houses.  The  sewer  has,  on  the  contrary,  to  be  made 
especially  wnter-tipht,  so  as  to  resist  the  percolation  from  the  porous  strata  without 
as  well  as  any  leakage  from  within.  The  storage  capacity  is  such  that  if  the  whole  of 
twelve  hours'  flow  were  penned  up  in  the  sewer  it  would  not  reach  within  a  mile- 
of  the  east  end  of  Brighton,  and  any  gases  generated  would  pass  up  ventilating- 
shafts  more  than  a  mile  from  the  town.  A  storm  overflow  and  a  flushing  inlet 
will  be  provided.  The  great  difficulty  in  managing  sewers  is  to  keep  them  clear  of 
the  road-sweepings,  which  get  past  the  gulleys,  form  a  solid  deposit  in  the  sewer, 
and  collect  other  and  more  noxious  materials  upon  them.  In  sewers  of  short 
length  flushing  by  water  is  the  best  method  of  getting  rid  of  such  deposit;  but  in 
the  case  of  a  sewer  more  than  seven  miles  long  the  expense  of  flushing  the  deposit 
forward  and  forward  to  the  outfall,  as  well  as  the  damage  thereby  done  to  the  brick- 
lining,  would  be  so  great  that  probably  the  greater  part  of  the  solid  materials  will  have 
to  be  removed  by  hand  at  the  various  entrances.  To  assist  this,  catch-tanks  will  be 
placed  at  all  junctions,  to  stop  AS  much  as  possible  of  the  road- drift,  flints,  &c.  that 
would  otherwise  get  into  the  sewer.  "Wherever  possible  road-pulleys  ought  not 


at  intervals ;  they  are  covered  by  cast-iron  grates  made  in  two  portions,  one 
litting  inside  the  other.  This  is  important,  as  a  man  or  boy  can  remove  the  inner 
casting  without  disturbing  the  road  metalling,  lie  can  thus  get  into  the  catch- 
pit  with  which  all  these  shafts  are  provided,  and  clear  out  any  road-sweepings  that 
may  have  fallen  through  the  grating.  Charcoal  baskets  are  not  used,  as  it  has 
been  proved  that  they  check  the  current  of  air.  Charcoal  will  no  doubt  purify 
air  that  is  forced  through  it,  but  it  is  only  in  winter  when  the  sewer  air  is  warmer 
than  the  air  without  that  any  great  current  is  created.  Besides,  the  air  inside 
being  generally  cooler  and  therefore  heavier,  sulphuretted  hydrogen  and  carbonic 
a€id  gas,  two  of  the  sewer  gases,  are  both  heavier  than  air ;  hence  the  only  escape  is 
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in  consequence  of  the  property  gases  have  of  diffusion,  In  order  to  create  a  draught, 
Archimedian  screws  worked  by  the  wind  above  have  been  tried,  but  ventilation  id 
most  required  when  the  air  is  calm.  Fans  worked  by  the  current  of  water  boluw 
might  be  used,  but  the  worst  smells  are  given  off  when  the  current  is  lea,st. 
Burning  the  gases  has  been  suggested ;  but  carburetted  hydrogen,  one  of  the  sewer 
gases,  is  highly  inflammable,  and  coal-gas  has  been  found  to  escape  from  the  gas- 
mains  into  the  sewers.  Explosions  might  result  j  and,  in  fact,  an  explosion  did 
result  from  an  experiment  tried  by  Mr.  II.  Austin,  O.K.  The  same  argument  may 
bo  employed  against  the  proposal  to  create  a  draught  by  jets  of  coal-gas  in  the 
shafts. 

The  situation  of  the  outfall  is  especially  suited  for  so  wage -irrigation,  and  the  sub- 
stratum being  chalk,  subsoil  drainage  would  not  be  required. 


The,  Distribution  of  Pure  Water  to  Dwellings. 
By  ALEXANDER  M^OALLUM  GORDON,  of  Liverpool. 


This  paper  served  to  introduce  a  comparatively  new  description  of  piping  called 
Ilaines's  Lead-encased  Block-tin  Piping,  and  pointed  out  the  advantages  it  offered 
over  ordinary  lead  pipe  a.s  a  medium  for  the  conveyance  of  water  throughout 
dwellings. 

This  piping  consists  of  two  distinct  tubes,  an  outer  one  of  lead  surrounding  or 
encasing  an  inner  one  of  pure  tin,  both  being  united  at  their  surfaces  of  contact  as 
to  form  a  perfectly  homogeneous  body,  and  thus  offering  the  admirable  physical 
qualities  ot  a  lead  pipe  together  with  absolute  freedom  from  the  danger  of  lead- 
poisoning  by  reason  of  the  innocuous  nature  of  the  tin  composing  the  inner  pipe. 

The  lead-encased  tin  pipe  was  shown  to  be  no  more  expensive  than  leaden  pipe, 
as  the  extra  strength  gained  by  the  superior  tenacity  of  the  tin,  and  certain  condi- 
tions which  operate  in  its  manufacture,  allows  of  a  diminution  of  the  weight  per 
lineal  measurement  for  a  given  pressure.  The  piping  hud  already  been  adopted  in 
many  public  institutions  and  private  mansions  throughout  the  kingdom,  and  when 
better  known  is  likely  to  take  the  place  of  the  dangerously  poisonous  lead  pipe 
wow  so  universally  in  use.  _ 

On  Boat-lowering  Apparatus.    By  E.  J.  HILL. 


On  Wire  Tramways.     By  C.  HODGSON. 

These  consist  of  an  endless  wire  rope  travelling  over  horizontal  drums,  one  at 
each  extremity  of  the  distance  to  be  traversed,  supported  and  running  over  pullrjs 
jixed  on  posts  or  piers  at  intervals.  The  buckets  for  holding  the  minerals  or  other 
goods  for  transport  are  suspended  on  the  rope  and  travel  with  it,  in  such  a 
manner  as  readily  to  pass  over  the  pnlle\s  and  avoid  contact  vv  ith  the  posts.  It 
appears  well  adapted  for  the  transport  of  goods,  and  especially  minerals,  in  distrids 
where  roads  or  ordinary  tramways  arc  not  available.  A  working  model  of  the 
wire  tramway  was  shown  at  the  conclusion  of  the  meeting  to  the  members  of  the 
Section,  at  Messrs.  0.  &  J.  Heed's  foundry,  North  Iload,  Brighton, 


Estimation  of  the  Error  in  tlic,  Flu  flit  of  Heavy  Projectiles  due  to  the 
Woolwich  System  of  liijliny.     11  y  W.  HOPE,  V.O. 


On  the  Measurement  of  Waves*.     By  C.  "W.  MERRTFTELI),  F.lt.S.,  Principal 
of  the  Royal  School  of  Naval  Architecture. 

The  writer  was  induced  to  look  into  thin  matter  in  consequence  of  a  question 

put  to  him  by  Mr.  Francis  Galton  as  to  whether  it  was  possible  to  arrive  at  any 

*  Printed  in  full  in  the  « Engineer '  newspaper  for  23rd  August,  1672,  vol.xxxiv.  p.  119. 
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definite  estimate  of  the  "  roughness  of  the  sea,"  at  present  recorded  for  meteoro- 
logical purposes  at  a  very  coarse  guess  from  mere  inspection.  IIo  considered 
it  was  desirable  to  confine  tho  measurement  to  two  points — ascertaining  the 
aggregate  height  of  tho  waves,  and  their  number  during  measured  intervals  of 
time ;  and  he  had  deviated  simple  and  compact  machinery  for  this  purpose,  as  well 
as  for  obtaining  profiles  of  waves  when  desired.  The  machinery  could  consist  of  a 
float  sliding  up  and  down  strained  wires  on  a  platform  like  Brighton  or  Scarborough 
piors.  A  lino  from  this  float  could  pass  over  a  pulley,  the  motion  of  which,  trans- 
mitted through  a  shaft,  would  give  all  the  required  measurements.  The  measure- 
ment of  the  aggregate  height  of  tho  waves  would  be  effected  by  simply  connecting 
a  ratchet-wheel,  pawled  so  as  only  to  turn  one  way,  with  the  float  pulley.  A  pro- 
jecting stud  on  the  ratchet-wheel  would  record  tile  aggregate  height  of  the  waves 
by  means  of  any  mechanical  counting  arrangement.  In  order  to  count  the  waves, 
it  was  simply  necessary  to  record  the  number  of  times  tho  float  pulley  reversed  its 
motion,  This  was  elFected  by  a  reciprocating  frame  connected  with  a  ratchet- 
wheel  by  a  pawl,  which  the  wheel  could  reverse  by  lifting  the  reciprocating  frame. 
The  method  of  counting  which  he  proposed  was  to  make  a  pencil  which,  if  undis- 
turbed, traced  a  straight  lino  on  a  long  slip  of  paper,  such  as  a  Morse  telegraph-coil, 
aiui  received  a  slight  shake  at  stated  numbers.  Timo  would  be  marked  on  the 
samo  paper  by  a  clock  giving  a  similar  shake  to  another  pencil  at  stated  intervals  of 
time.  In  this  manner  a  permanent  and  continuous  record  of  the  number  of  waves 
and  aggregate  height  at  all  times  would  be  automatically  made.  The  machine 
might  be  perfectly  boxed  in,  with  no  other  communication  with  the  external  pulleys 
and  float  than  a  shaft  passing  through  a  stuffing-box.  The  recording  machinery 
would  thus  bo  secure  from  injury.  It  would,  moreover,  require  attention  only  onco 
a  day.  The  writer  also  described  an  arrangement  by  which  the  same  machine 
might  be  made  to  trace  tho  profile  of  waves  whenever  required;  but  this  addi- 
tional apparatus  would  require  to  be  specially  set  at  work  when  made,  the  waves  of 
the  sea  being  far  too  numerous  for  it  to  be  possible  to  tako  portraits  of  all  of  them. 
Mr.  Merrill  old  suggested  that  it  would  be  very  interesting  to  establish  such,  an 
apparatus  at  .Brighton  Tier. 

On  tlte  relative  Value  of  Clarified  and  Unclarijied  Sewage  as  a  Manure. 
By  WILLIAM  PAUL,  F.ll.A.S. 

Tho  author  of  this  paper,  after  briefly  pointing  out  the  sources  whence  plants 
derive  their  food  and  the  conditions  most  favourable  to  the  free  use  of  this  food, 
stated  that  all  his  experience,  which  was  considerable,  was  in  favour  of  the  use  of 
"  clarified"  sewage,  to  which  he  attached  great  value. 

u  Now,  highly  important  as  is-  the  use  of  appropriate  manures  to  aid  in  tho 
development  of  our  growing  crops,  as  a  cultivator,  I  attach  more  importance  than 
is  commonly  attached  to  tho  physical  conditions  of  tho  soil — especially  to  keeping 
tho  surface  loose  and  the  soil  porous  that  tho  water  may  get  away,  and  that  the 
air-  and  sun-heat  majr  follow  wherever  the  water  or  clarified  sewage  goes.  The 
clarified  sewage  is  food  placed  within  reach  of  the  roots;  tho  presence  of  air 
renders  this  food  more  plentiful,  and  the  sun-heat  stimulates  the  roots  to  food. 
Tho  fertility  of  a  soil  is  therefore  largely  influenced  by  tho  amount  of  air-heat 
which  it  contains. 

*'  This  brings  mo  to  tho  principal  objection  which  I  have  to  urge  against  putting 
sewage  on  the  land  in  an  '  unclarified  or  sludgy  state.  I  am  free  to  admit  that 
the  sewage  clarifies  in  its  passage  downwards,  presenting  to  tho  roots  the  same  food 
as  if  tho  so  wage  had  been  previously  clarified.  But  the  surface  of  the  earth  is 
thereby  made  to  act  ns  a  filter,  and  tho  physical  conditions  of  the  soil  are  altered. 
Tho  <  unclarified '  sewage  in  passing  through  tho  soil  has  become  clarified ;  but  the 
pores  of  the  soil  arc  more  or  less  closed  against  tho  passage  of  air,  and  a  solid  or 
half-liquid  glutinous  mass  rests  on  the  surface  of  the  earth,  throwing  back  the  sun- 
heat  !  The  food  is  there,  but  the  stimulants  of  air-  and  sun-heat  aro  shut  out  or 
greatly  diminished,  and  the  fertility  of  tho  soil  ia  impaired  in  a  corresponding 
degree." 
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The  system  of  clarifying  the  sewage  most  strongly  recommended  by  his  experi- 
ence was  that  of  allowing  it  to  settle  by  simple  subsidence  j  the  sludge  is  then 
recommended  to  bo  used  by  itself  in.  a  solid  state. 

On  some  Recent  Improvements  in  tlie  Manufacture  of  Artificial  Stone,  and  the 
Application  of  such  tftone  to  Constructive  and  other  2>ur2>use$.  By  I'IIEDTIIIICK 
KANSOME,  A.f.C.E. 

The  progressive  development  of  the  natural  world,  through  periods  which 
occurred  long  before  the  dawn  of  tho  most  remote  traditions  of  antiquity,  has 
placed  at  the  disposal  of  man  materials  which  for  tho  most  part  eminently 
subserve  the  varied  purposes  of  construction  and  decoration.  Those  materials, 
however,  such  as  the  granites,  marbles,  sandstones,  limestones,  «fcc.,  occur  in 
isolated  groups,  in  some  instances  &<>  remote  from  the  centres  of  chilization  as  to 
render  the  employment  of  them  prohibitablc  for  general  use,  excepting  in  local 
situations.  The  requirements  of  man  at  an  early  period  of  his  history  demanded 
a  material  which  should  approximately  fulfil  the  conditions  of  stone;  and  this 
necessity  was  in  the  earlier  ages  supplied  by  the  manufacture  of  bricks,  concrete, 
&c.  The  advantages  afforded  by  these  substances  were  readily  recognized  by  the, 
ancients,  and  have  been  fully  appreciated  in  modem  times;  but  great  as  theso 
advantages  are  in  a  constructive  point  of  view,  they  full  very  far  short  of  the 
requirements  of  the  present  age. 

It  is  therefore  no  matter  for  surprise  that  numerous  attempts  have  been  made, 
from  time  to  time,  to  supersede  the  productions  of  nature  bv  the  imitations  of  art  ; 
and  the  importance  of  producing  a  material  combining  all  tlie  advantages,  without 
having  the  defects,  of  the  most  useful  building-stones,  mid  possibly  possessing 
attributes  peculiarly  and  specifically  its  own,  was  recognized  many  years  .since  by 
the  author,  who  set  himself  the  task  of  solving  the  problem  of  manufacturing  an 
artificial  stone  which  should  economically  answer  the  varied  purposes  of  tho  pio- 
ductions  of  nature. 

His  investigations  into  the  nature  and  properties  of  stone  commenced  nearly 
thirty  years  since,  and  he  found  that,  with  lew  exceptions,  the  hardest  and  mo>t 
durable  stones  wore  those  which  contained  the  largest  proportion  of  silica. 

Many  geologists  will  doubtless  recollect  that  some  jears  since  a  siliceous 
mineral  was  discovered  at  the  base  of  the  chalk  hills  in  Surrey  (especially  in  the 
neighbourhood  of  Farnham)  possessing  some  very  peculiar  properties,  amongst 
others  that  of  being  readily  soluble  in  a  solution  of  caustic  soda,  at  a  moderately 
low  temperature.  Taking  advantage,  of  this  peculiarity,  the  author  commenced  a 
series  of  experiments,  in  order  to  determine  if  it  were  not  possible,  without,  the  use 
of  chloride  of  calcium,  to  produce  a  stone  in  all  respects  equal  in  quality  to  what 
had  hitherto  been  done ;  and  in  this  he  has  now  succeeded. 

By  this  latter  process  ho  combines  a  portion  of  tho  I'arnham  stone,  or  solublo 
silica,  with  a  solution  of  silicate  of  soda  or  potash,  lime  (or  substances  containing 
limo),  sand,  alumina,  chalk,  or  other  convenient  and  suitable  materials,  which, 
when  intimately  mixed,  arc  moulded  into  tho  required  form  OH  heretofore,  and 
allowed  to  harden  gradually,  as  silicate  of  lime  is  formed  by  the  combination  of 
the  ingredients  present.  Tho  mass  then  becomes  thoroughly  indurated  and  con- 
verted into  a  compact  stone,  capable  of  sustaining  extraordinary  pressure,  and  in- 
creasing in  hardness  with  age. 

The  chemical  actions  which  effect  thoso  results  appear  to  be  as  under.  When 
the  materials  are  mixed  together,  tho  silicate  of  soda  is  decomposed,  tho  silicic 
acid  being  liberated  combines  with  the  limo  and  forms  a  compound  silicate  of  limo 
and  alumina,  while  a  portion  of  soda  in  a  caustic  condition  is  set  free.  This 
caustic  soda  immediately  seizes  upon  the  soluble  silica  (from  Farnham),  which 
constitutes  one  of  the  ingredients,  and  thus  forms  a  fresh  supply  of  silicate  of 
eoda,  which  is  in  its  turn  decomposed  by  a  further  quantity  of  lime,  and  so  on. 

If  each  decomposition  of  silicate  of  soda  resulted  in  tho  sotting  free  of  tho  whole 
of  the  caustic  soda,  these  decomposing  processes  would  go  on  as  long  as  there  was 
any  soluble  silica  present  with  which  tho  caustic  soda  could  combine,  or  until 
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there  ceased  to  be  any  uncombinecl  lime  to  decompose  the  silicate  of  soda  produced, 
the  termination  of  the  action  being  marked  by  the  presence  in  the  pores  of  the 
stone  of  the  excess  of  caustic  soda  in  the  one  case,  or  of  silicate  of  soda  in  the 
othor.  In  reality,  however,  Hie  wholo  of  the  caustic  soda  does  not  appear  to  be 
sot  free  each  time  the  silicate  of  soda  in  decomposed  by  the  lime,  there  appearing 
to  bo  formed  a  compound  .silicate  of  lime  and  soda,  whereby  a  small  portion  of  the 
latter  is  fixed  at  each  decomposition.  The  result  is  that  the  caustic  soda  is  gradually 
lixed,  and  nemo  remain*  to  bo  removed  by  washing  ur  the  other  process. 

At  tho  a^e  of  10  weeks,  in  stones  made  by  this  process,  tho  strength  as  compared 
with  Portland  stone  was  found  to  be,  ns  7145  Ibs.  to  2t>JO  Ibs.  per  square  inch,  and 
as  compared  with  Bramley  Fall  711-3  Ib*.  to  5120  Ibs,,  and  as  regards  granite 
7145  Ibs.  to  1200  Ibs.  per  square  inch.  With  reference  to  durability,  it  has  been 
found  practically  to  withstand  the  atmospheric  changes  of  various  climates,  having 
been  exposed  to  the  cold  of  Ku-^ia  and  the  heat  and  rains  of  India.  In  general 
appearance  il  bears  such  a  perfect  resemblance  to  the  best  description  of  natural 
stones  as  to  mislead  the  mo.it  rritieal  observers,  whilst  the  facility  of  application 
and  its  economy  in  use  will  have  been  apparent  from  the  foregoing  "description. 

By  means  of  this  process  the,  field  has  been  widely  extended  for  tho  application 
of  tho  stone  produced  thereby,  and  which  for  com  enienee,  us  distinguishing  it  from 
all  others,  has  been  termed  Apienile.  It  is  now  no  difficult  Usk  to  produce  blocks 
of  this  material  of  any  form  and  of  any  size,  the  only  limit  being  the  means 
available  for  handling  them  upon  the  spot  where  they  are  to  be  employed.  More- 
over, the  materials  which  form  the  bulk  of  apt  mite  are,  as  a  rule,  generally  to  bo 
found  in  abundance  where  hydraulic  or  other  important  works  are  being  carried  on, 
and  for  which  purposes  tho  new  stone  is  eminently  suited. 

Tin*  want  of  such  a  mateiial  tor  such  a  ivirpo^e  has  long  bf»en  Mi,  although  that 
want,  until  recently,  ha*  only  been  partially  supplied.  In  1870  Mr.  J.  W.  Butler 
applied  for  awl  obtained  a  patent  for  improvements  in  the  application  of  Concrete 
to  Structures  and  Found  it  ion,  aUo  to  CViilerilums  and  similar  constructions.  Mr. 
Butler's  obvious  de-ire  was  in  the  iiM  place,  to  provide  a  cheap  and  eilicient  sub- 
stitute for  stone  for  Jmlraulio  operations,  and  in  the  second  to  render  unnecessary 
the  construction  of  false  works,  &c.,  and  thus  to  a^oid  the  expense  connected  with 
the  employment  of  iron  cylinders,  hitherto  so  extensively  u*ed.  The  idea  was 
certainly  an  excellent  one,  but  in  realization  appeared  to  Mr.  Butler  very  remote, 
until  it*  occurred  to  him  that  the  material  then  introduced  under  the  name  of 
*  aponni to"  would  answer  the  purposes  of  his  proposed  methods  of  construction. 
lie  accordingly  communicated  with  the  author  upon  the  subject;  and  with  the 
sanction  of  the"  engineer,  a  set  of  hollow  cylinders  8  ft.  in  diameter  and  9  in.  thick 
were  made  to  form  si  part  of  a  retaining  wall  to  protect  tho  foreshore  of  the  Thames 
at  Hermitage  Wharf,  where  they  were  accordingly  sunk,  and  the  result  was  satis- 
factory. 

The  application  of  this  principle  is  capable  of  modification  to  suit  almost  every 
variety  of  construction,  and  it  will  be  found  especially  applicable  in  structures 
requiring  heavy  foundations,  particularly  where  the  ground  is  uncertain. 

For  forming  a  lace-wall  in  building  quays  or  docks,  instead  of  cylinders, 
rectangular  hollow  blocks  or  caissons  may  be  used.  By  ^employing  hollow  blocks 
of  hexagonal  form  no  interstices  are  left,  a  thin  layer  of  the  cementing  material 
rendering  the  structure  practically  homogeneous.  Cylinders  constructed  upon  this 
principle  are  also  adapted  for  deep  wells,  apertures  being  formed  in  the  sides  for 
the  admission  of  water. 

Turning  to  works  of  greater  magnitude,  ii  ^111  be  seen  that  apconite  forms  a 
suitable  substance  for  the  construction  of  bridges,  sea-walls,  piers,  and  similar 
undertakings.  Such  structures  could  bo  carried  up  to  tho  imdei>ide  of  the  bridge- 
girders,  or  built  with  ordinary  masonry  above  high-water  level.  For  sea-walls  or 
piers  another  arrangement  could  be  adopted,  two  rows  of  caissons  being  employed, 
separated  from  each  other  longitudinally,  the  intermediate  space  being  tilled  in  with 
dry  rubble  hearting,  and  the  blocks  'themselves  with  a  similar  material  or,  if 
necessarv,  with  concrete.  ^  .,.,,. 

It  would  not  be  difficult  to  multiply  the  instance^  in  winch  this  material  can  be 
practically  applied  j  but  sullicient  hiw  been  said  on  this  point.  An  artificial  stone 
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combining  the  advantages  of  apcenite,  one,  moreover,  which  can  bo  so  readily 
moulded  into  any  form  and  size  with  but  small  expense  and  little  or  no  delay,  is 
necessarily  applicable  to  a  great  variety  of  uses.  The  author  then  made  a  few 
brief  remarks  upon  its  applicability  for  ornamental  and  decorative  purposes. 

Besides  possessing  the  several  properties  which  have  been  described,  the  apcenite, 
when  prepared  with  suitable  materials,  is  capable  of  receiving  the  most  delicate 
impressions,  and  by  the  incorporation  of  various  metallic  oxides,  any  variety  of 
colour  can  be  imparted  to  it. 

Jty  the  use  of  the  native  red  oxide  of  iron,  manganese,  and  other  mineral 
substances,  artificial  marble  or  granite  of  almost  every  description  can  be  produced. 
These  artificial  stones,  like  their  originals,  are  capable  of  taking  an  excellent  polish, 
are  extremely  hard,  and  can  be  readily  moulded  into  the  most  elaborate  forms,  at  a 
very  small  cost, 

In  conclusion,  the  author  submits  that,  both  constructively  and  ornamentally, 
apocnite  is  eminently  fitted  to  meet  the  numerous  requirements  of  the  engineer 
and  architect,  and  to  subserve  many  useful  and  important  purposes  in  the  indus- 
trial arts. 

On  Defecating  Sewage  and  Utilizing  the  Deposit  for  the  preparation  of  Lime 
and  Cement.     By  JBlaj.-Gen.  H.  Y.  D.  SCOTT,  C.B. 

On  the  Agricultural  Value  of  the  Lime  Compounds  obtained  ly  Defecating 
By  Maj.-Gcn.  II.  Y.  D.  SCOTT,  C.B. 


On  the  Selenitic  Method  of  malcing  Mortar. 
By  Maj.-Gcn.  H.  Y.  *D.  SCOTT,  C.B. 


On  an  Apparatus  for  testing  1hc  Wat  tr- stopping  fffttinut/  of  Clay  Soils  and 
other  Substances  under  various  pressures.  By  JOHN  SMITH,  Jan.,  A.M., 
M.I. C.E.I. 

The  author,  when  engaged  in  1807  in  repairing  a  leak  in  the  principal  embank- 
ment of  the  reservoir  for  supplying  the  river  Eann  in  Ireland  (Vee  Transactions  of 
the  Institution  of  Civil  Engineers  of  Ireland,  vol.  ix.  page  51,  "An  Historical 
Sketch  of  the  Construction,  Working,  and  I'epair  of  the  Bimn  TJeservoir"),  was 
obliged  to  make  experiments  on  1he  capabilities  of  peat,  clays,  and  soils  in  stanching 
water,  and  felt  the  want  of  an  efficient  apparatus  for  the  purpose.  Subsequently, 
after  making  more  experiments,  he  was  led  to  do\ise,  the  apparatus  of  which* a 
diagram  was  exhibited.  The  instrument  consists  of  a  cylindrical  chamber  0  inches 
in  diameter,  3  feet  deep,  provided  at  the  bottom  with  a  perforated  plate,  which 
allows  all  leakage  to  pass  away,  and  at  the  top  with  another  plate  into  v»hich  is 
screwed  a  1  inch  in  diameter  iron  pipe,  made  of  such  length  as  the  position  of  the 
instrument  and  the  pressure  to  be  experimented  with  T\  ill  allow.  Two  nairow 
glass  windows,  2  feet  long  by  -J  inch  wide,  are  provided  on  opposite  ,*ido  of  the 
cylinder,  by  which  to  observe  the  behaviour  of  the  substance  under  experiment 
J^irst  a  layer  of  gravel  is  put  in  to  cover  the  holes  in  the  bottom  plate,  next  the 
experimental  substance  is  rammed  in,  and  next  another  layer  of  gravel.  The 
author  has  tried  experiments  on  1  foot  deep  of  peat,  and  found  that  although  flt 
first  the  leakage  is  increased  by  increase  of  pressure,  yrt  when  the  pressure  is  kept 
constant  it  soon  diminishes  even  with  clear  water;  in  new  enibankments  the 
water  passing  through  would  be  muddy,  and  likely  to  diminish  the  leakage  much 
sooner.  The  author  intends  to  make  more  experiments,  and  in  the  mean  time 
commended  the  instrument  to  the  notice  of  the  Section  as  likely  to  be  useful  to 
those  engaged  in  the  construction  of  waterworks. 
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On  a  Plan  for  Railway  Amalgamation  wHli  Government  Control. 
7i//  W.  SIMONS,  F.C.S. 

The  author  stated  tho  objections  both  to  extensive  amalgamations  and  to 
Government  purchase  and  management,  and  suggested  that  the  evils  of  both  could 
bo  avoided,  and  tho  ad\aiitagcs  liopud  for  from  each  secured,  by  blending  tho 
two  schemes.  Our  railways  should  bo  arranged  in  six:  or  more  group**,  and  the 
numerous  classes  of  shnres,  stock,  £c.  in  eaeli  group  be  reduced  by  a  commission 
of  actuaries,  partly  to  debentures  bearing  a  fixed  interest,  but  tho  larger  portion  to 
ordinary  stock  on  which  the  Government  should  guarantee  a  minimum  dividend. 

The  majority  of  the  Directors  to  be  still  eVote  1  by  the  Shareholders,  but  a  few 
nominated  by  the  Hoard  of  Trade,  and  perhaps  some  by  the  largo,  towns  and 
counties  interested.  The  Directors  would  ha\e  a  substantial  motive  for  efficient 
and  economical  management  in  keeping  the  dividend  above  the  guoianteed 
mini  mum  ;  but  the  Board  of  Trade  would  fix  tho  t.irifl'  both  for  passenger**  and  goods, 
and  should  try  the  experiment  of  greatly  ivdnced  faro-*.  A  central  Council  elected 
by  the  various  Jinards  of  Direi  tors,  with  some  members  sc'leekd  by  the  Board  of 
Tr.-ulo,  could  supervise,  the  whole.  Such  a  scheme  would  .secure*  the  following 
ad\  milages:  —  1st,  the  public  would  gain  safer,  cheaper,  and  bettor-arranged  con-* 
Aeyances  ;  2nd,  the  management  of  the  property  would  still  be  with  the  Directors, 
the  majority  of  wliom  would  be  elected  by  tlie  Shareholders;  3rd,  a  vast  saving 
would  result  from  more  economical  and  harmonious  working;  4th,  the  property 
of  tho  Shareholder  would  always  maintain  n  cm-tain  \alue;  and  oth,  the  public. 
through  the  Government,  without  purchasing  the  railways,  would  have  a  real  and 
ellicient  control  over  the  whole  system,  but  this  could  not  degenerate  into  a 
system  of  patronage  and  johbing.  Necessary  arrangements  for  new  lines  and 
extensions  arc  alluded  to,  and  the  author  suggests  that  an  introduction  of  American 
carriages  would  be  cheaper  and  safer  and  dispense  with  the  necessity  of  signals. 

On  th<'  uftf  of  Steel  ]]'//•(  /"<>/•  7)e<p-sf«  $QHH(1in'/s. 
By  IVof.'  Sir  W.  THOMSON,  LL.D.,  F.R.S.  * 

The  wire  used  is  pianoforte  wire  of  2'2  gau»e,  which  is  less  cumbersome  and 
Jinny  and  acts  with  Jess  friction  than  the  hempen  line  now  u>ed.  It  needs  not  the 
heavy  mass  of  iron,  weighing  from  two  to  four  hundredweight,  hitherto  employed 
to  sink  it,  30  Ibs.  being  amply  sufficient  for  .sounding  in  3000  fathoms.  It  is  paid 
out  rapidly  from  a  siunll  drum  controlled  by  a  simple  break  composed  of  a  cord 
fixed  at  one  end,  and  with  a  weight  of  from  10  Ihs.  to  (50  Ibs.  at  the  other,  passing 
once  and  a  half  round  the  drum.  It  is  easily  and  quickly  drawn  up,  contrasting 
most  advantageously  in  rapid  it  (\  and  power  required  \\  Jth  the  old  system.  The  steel 
is  preserved  from  rusting  by  the  use  of  powdered  lime,  or  by  keeping  the  drum  in 
oil  when  not  in  use. 


On  the  Jiltnlifii'atlott,  of  Limits  at  >SV<r. 
Ky  JL'rof.  Sir  W.  THOMSON,  LL.D.,  F.K.& 

Tho  author  drew  tho  attention  of  tho  Section  to  the  extreme  importance  of 
ready  identification  of  lights  at  sea  ;  and  he  pointed  out  how  dillicult  it  is,  under 
the  present  system  of  lighthouses,  to  distinguish  one  lighthouse  from  another. 
Tho  means  now  adopted  of  slow  revolving  lights,  with  dillcrent  periods,  were 
wholly  inadequate,  and  wore  constantly  leading  to  error  and  sometimes  to  disaster. 
lie  proposed  tho  use  of  flashing  lights/tho  Hash  being  of  lonpcr  or  short  or  duration, 
tho  short  and  long  Hashes  representing  tho  dot  mid  da?h  of  tho,  Morse  alphabet 
now  used  for  telegraphing.  Kach  lighthouse  should  signal  its  own  letter,  and 
would  thus  be  readily  and  rapidly  distinguished.  Such  a  system  was  now  used 
regularly  in  the  navy  for  the  transmission  of  mos.-ngos  at  sea  ;  and  as  what  ho 
proposed  involved  only  the  signalling  of  a  single  letter,  ho  considered  there  need 
bo  no  difficulty  in  its  adoption,  and  he  thought  that  the  subject  should  be  pressed 
strongly  on  the  Government,  ^  _ 
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On  Drilling -Apparatus  for  Gas-  and  Water-plains.     By  A.  UPWARD. 


On  tJte  advancement  of  Science  due  to  Patented  Inventions. 
By  THOMAS  WEBSTER,  Q.C.,  M.A.,  F.R.S. 

In  this  communication  attention  is  directed  to  tlxo  contributions  due  to  the 
labour  expended  on  inventions  which  have  been  the  subject  of  patents  as  illustra- 
tive of  the  position  that  "  art  is  the  mother  of  science.  The  benoiits  which  the 
practical  or  industrial  arts  have  derived  from  the  discoveries  of  science,  as  of 
modern  chemistry,  is  not  denied  ;  but  the  author  points  to  photography,  vulcanized 
rubber,  Siemens's  furnaces,  Bessemer  "  steel,"  Kansome  "  stone,"  &c.  as  instances 
in  which  art  ha*  preceded  science,  in  results  of  which  no  adequate  explanation 
can  be  given.  It  is  suggested  that  the  above  would  form  a  proper  subject  of 
inquiry  and  report  by  a  Committee  of  the  Association. 


On  the  Progress  of  Invention  in  Breecli-loadiny  &mall  Anns  ditriny  tlie  past 
Twenty  Years.     By  A.  WYLIE. 

All  the  inventions  in  breech-loading  firearms  since  1851  presenting1  any  novelty 
were  reviewed  and  grouped  in  their  natural  connexion,  so  as  to  trace  the  develop- 
ment of  each  system  down  to  the  present  time.  The  Reports  of  the  Small  Arms 
Committee  were  criticized  and  their  conclusions  disputed ;  and  it  was  shown  that 
their  decision  arrived  at  three  and  a  half  years  ago  had  had  the  evil  effect  of  putting 
almost  a  complete  stop  to  invention  in  any  direction  except  in  that  of  the  chosen 
arm,  the  ingenuity  or  the  inventors  and  manufacturers  being  now  expended  in 
hopeless  attempts  to  improve  the  Martini. 
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gonism between  the  action  of,  11*4. 
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vations, 355. 

Adderley  (the  lit.  lion,  Sir  C.  B.)  on  a 

1372. 
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Anisler's  plauinioter,  F.  J.  Bramwell  on. 
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Animal*,  indigenous,  report  on  the  de- 
sirability of  establishing  a  "close 
time"  for  the  preservation  of,  ^20. 

A  listed  (Prof.)  on  underground  tempe- 
rature, 128;  on  tho  rainfall  of  the 
British  Isle-s  170. 

Antagonism  between  the  action  of  active 
substances,  report  on  the,  121. 

Antrim  rainfall  in  1S70  and  1871,  208. 

Arirvll  ruin  tall  in  1870  and  Ib71,  203, 
201. 

Astronomy,  met eoiic,  papers  relating  to, 

Ayr  rainfall  in  1870  and  1871,  202. 

B.irnes  (A.  F.)  on  the  desirability  of 
establishing  a  "close  time"  for  the 
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Bnteman  (J.  F.)  on  the  rainfall  of  the 
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Bedfordshire  rainfall  in  1870  and  1871, 
190 

Berkshire  rainfall  in  1870  and  1871, 191. 

Berwick  rainfall  in  1870  and  1871, 202, 

Beyer  (Charles  E.)  on  steam-boiler  ex- 
plosions, 07. 

Birt  (W.  R.)  on  the  discussion  of  obser- 
vations of  streaks  of  the  lunar  crater 
Plato,  254. 

Bolides,  general  list  of,  and  bright 
meteors  observed  in  1871  and  1872, 
110. 

Bowring  (Sir  John)  on  a  uniformity  of 
weights  and  measures,  25. 

Bramwell  (F.  J.)  on  steam-boiler  explo- 
sions, 67 ;  on  instruments  for  measur- 
ing the  speed  of  ships  and  currents, 
170;  on  claims  for  reward  for  inven- 
tions adopted  by  Government,  243; 
report  on  Amsler's  planimeter,  401 . 

Brecknock  rainfall  in  1870  and  1871, 
200. 

Brighton  Waterworks,  Edward  Eastern 
on  the,  395. 

British-Association  eclipse  expedition  of 
1871,  interim  report  on  tho  results 
obtained  by  the,  by  J.  Norman 
Lockyer,  330. 

British  Isles,  report  on  the  rainfall  of 
the,  170. 

Brooke  (C.)  on  luminous  meteors,  57 ; 
on  the  rainfall  of  the  British  Isles, 
170. 

Brough  (J.)  on  earthquakes  in  Scotland, 

^J*l\/, 

Brown    (Samuel)    on   a  uniformity   of 

weights  and  measures,  25. 
Bryce  (Dr.)  on  earth  quakes  in  Scotland, 

Buchan    (A.)    on  tho   rainfall  of   the 

British  Isles,  170. 
Buckinghamshire  rainfall  in  1870  and 

1871,  190. 
Busk   (George)   on  the  exploration  of 

Kent's  Cavern,  28, 
Bute  rainfall  in  1870  and  1871,  203. 

Caithness  rainfall   in  1870  and  187], 

200. 
Cambridgeshire    rainfall    in  1870   and 

1871,  191. 
Carboniferous-limestone  corals,  fourth 

report  on  the  structure  of,  241. 
Cardigan  rainfall  in  1870  and  1871, 201. 
Carlow  rainfall  in  1870  and  1871,  20H. 
Carmarthen  rainfall  in  1870  and  1871, 

200. 
Carnarvon  rainfall  in  1870  and  1871, 

201.  ' 

Cnvan  rainfall  in  1870  and  1871,  208. 


Chemical  constitution  and  optical  pro- 
perties of  essential  oils,  report  on.  311, 
313. 

Cheshire  rainfall  in  1870  and  1871, 190. 

Chesney  (General)  on  tho  exploration 
ofMoab,  210. 

Christison  (Sir  11.)  on  tho  antagonism 
between  tho  action  of  active  sub- 
stances, 124. 

Clare  rainfall  iu  1870  and  1871,  208. 

"  Close  time  "  for  the  preservation  of 
indigenous  animals,  report  on  the 
desirability  of  establishing  a,  320. 

Corals,  carboniferous-limestone,  fourth 
report  on  the  structure  of,  241 . 

Corfield  (Prof.  W.  II.)  on  the  treatment 
and  utilization  of  sewage,  135. 

Cork  rainfall  in  1870  ami  ]K7l,  20*. 

Cornwall  rainfall  in  1870  and  J871,  193. 

Crossley  (Edward)  on  lunar  objects  sus- 
pected of  change,  2-J/5. 

Crustacea  of  South  Devon,  51. 

Cumberland  rainfall  in  1870  and  LS71, 
198. 

Currents,  report  on  instruments  for 
measuring  the  speed  of  ships  and,  1 70. 

Dawkins  ( W.  TJoyd)  on  the  exploration 
of  Kent's  Cavern,  28. 

Denton  (J.  K)  on  the  treatment  and 
utilization  of  sewage,  135. 

Derbyshire  rainfall  in  1*70  and  1871, 105. 

Devon,  South,  fourth  report  on  the 
fauna  of,  48. 

Devonshire  rainfall  in  1870  and  1871. 
193. 

Dixon  (W.  Ilepworth)  on  the  explora- 
tion of  Moab,  210. 

Donegal  rainfall  in  1870  and  1871,  209. 

Dorset  rainfall  in  WO  and  1871.  193. 

Dresser  (H.  E.)  on  the  desirability  of 
establishing  a  "close  time"  for  tho 
preservation  of  indigenous  animals. 
320. 

Dublin  rainfall  in  1870  and  1871,  200. 

Dumbarton  rainfall  in  1870  and  1871, 
203. 

Dumfries  rainfall  in  1870  and  1871,  201. 

Durham  rainfall  in  1870  and  1871, 100. 

Earthquakes  in  Scotland,  report  of  the 
committee  on,  240. 

Easton  (Edward)  on  steam-boiler  ex- 
plosions. 57  j  on  claims  for  reward  for 
inventions  adopted  by  Government, 
243;  on  the  Brighton  Waterworks, 
395. 

Eclipse  expedition,  British- Association, 
interim  report  on  tho  results  obtained 
by  the,  330, 
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Edinburgh  rainfall  in  1870  and  1871. 
203. 

Electrical-resistance  pyrometer,  Sie- 
mens'a  report  of  the  committee  on, 
134. 

Elliptic  and  hyperelliptic  function?,  \V. 
ILL.  lUisselt  on  recent  progress  in, 
335. 

Enniyldllen  rainfall  in  1870  and  1871, 
208. 

K^sentiiil  oils,  report  of  the  committee 
for  tho  purpose  of  investigating  the 
chemical  constitution  and  optical  pro- 
perties of,  Dr.  (Uadat one's  report,  311 ; 
Dr.  AVright'H  report,  313, 

KHSIX  rainfall  in  1*70  and  1871,  li)l. 

Europe,  report  on  the  Mollusca  of,  com- 
pared with  those  of  Eastern  North 
America,  302. 

Evans  (John)  on  the  exploration  of 
Kent's  Cavern,  L'8. 

Everett  (Prof.)  on  the  rate  of  iucivubc  of 
underground  temperature,  1-8. 

Explosions,  bteam-boiler,  third  report 
on  the  various  plan*  proposed  for 
legislating  on  tho  subject  of,  with  a 
view  to  their  prevention,  57. 

Fairbairn  (Sir  \V.,  "Bart.)  on  a  unifor- 
mity of  weights  and  measures,  2o  ;  on  j 
«t  enm-boiler  explosions,  57.  | 

Farr  (Dr.)  on  a  uniformity  of  weights  ; 
and  measures,  25. 

Fauna  of  JSoutli  Devon,  fourth  report  on 
tho,  4* 

Follower  (F.  P.)  on  a  uniformity  of 
weights  and  measures,  25. 

Field  (II.)  on  the  rainfall  of  the  British 
Isles,  170. 

Fife  rainfall  in  1*70  and  1871,  20o. 

Fkhi'S  taken  off  Plymouth,  list  of,  40. 

Fletcher  (A.  E.)  "on  instruments  for 
measuring  the  speed  of  ships  and  cur- 
rents, 170. 

Fletcher  (Lavington  E.)  on  steam-boiler 
explosions,  57. 

Flint  rainfall  in  1*70  and  1871,  201. 

Flower  (Prof.  W.  II.)  on  terato-cmbry- 
ologicnl  inquiriea,  334. 

Functions  nrbitraires,  sur  IVlimiuation 
dos,  par  Ch.  llermite,  233. 

Forfur  rainfall  in  1870  and  1871,  L»05. 

Fossils,  W.  Jolly  on  tlie  discovery  of,  in 
pertain  remote  parts  of  tho  North-west 
Highlands,  238. 

Foster  (Prof.  M.)  on  terato-cmbryolo- 
gicnl  inquiries,  334. 

Fowter  (P.LeNeve)  on  claims  for  reward 
for  inventions  adopted  by  Govern- 
ment, 


Frankland  (Prof.)  on  a  uniformity  of 
weights  and  measures,  25. 

Eraser  (Dr.  T.  It.)  on  the  antagonism 
between  the  action  of  active  sub- 
stances, 124. 

Froude  (W.),  experiments  on  the  surface- 
friction  experienced  by  a  plane  moving 
through  water,  118. 

Galway  rainfall  in  1870  and  1871,  200. 

Geikie*(Prof.  A.)  on  underground  tem- 
perature, 128. 

Gilbert  (Dr.  J.  II.)  on  the  treatment  and 
utilization  of  sewage,  135. 

Ginsburg  (Rev.  Dr.)  on  the  exploration 
^  of  Southern  Moab,  ^10. 

Gladstone  (Dr.)  on  the  chemical  con- 
btitution  aud  optical  properties  of 
essential  oils,  311. 

Glaisher  (James)  on  luminous  meteors, 
57 ;  on  underground  temperature,  128; 
on  the  rainfall  of  the  British  Isles,  176. 

( Glamorgan  rainfall  in  1^70  and  1871 ,200. 

( iloucustershire rainfall  in  1*70  and  1871. 
105. 

(Jlovor  (Dr.  G.)  on  a  uniformity  of 
weights  and  ine.iMires,  25. 

Graham  (Uev.  Dr.)  on  underground  tem- 
perature, 1:28. 

Grantham  (H.  B.)  on  the  treatment  and 
utilization  of  sewage,  135. 

Greg  (1{.  P.)  on  luminous  meteors,  67. 

Guernsey  rainfall  in  1870  and  1871, 200. 

JIadclingtoii  rainfall  in  1870  and  1871. 

202. 
Hampshire  rainfall  in  1870  and  1871, 

IK). 
Harknosa  (Prof.)   on  the  structure  of 

Carboniferous-limestones  corals,  241. 
llarley  (l\ev.  1\.)  on  lunar  objects  sus- 
pected of  change,  2-J5. 
Harrison  (J.  T.)  on  the  treatment  and 

utilization  of  sewage,  135. 
Ilarthig  (J.    S.)  on  the  desirability  of 

establishing  a  "  close  time  "  for  the 

preservation  of  indigenous  animals, 

820. 
IlnwWcy  (T.)  on  the  rainfall  of  the 

British  Isles,  170. 
Herefordshire  rainfall  in  1870  and  1871, 

lt)5. 
Hoi  mite  (C'h.)  sur  IVlimination  des  fonc- 

tiona  arbitraires,  233. 
Ilerschel  (A.  S.)  on  luminous  meteors, 

57. 
Hertfordshire  rainfall  in  1870  and  1871, 

11)1. 
Ileywood  (J.)  on  a  uniformity  of  weights 

and  measure*.  25, 

18* 
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Highlands,  North-west,  W.  Jolly  on  the 
discovery  of  fossils  in  certain  remote 
parts  of  the,  238. 

Hope  (W.)  on  the  treatment  and  utili- 
zation of  sewage,  135 ;  on  claims  for 
reward  for  inventions  adopted  by 
Government,  243. 

Huggins  (Dr.)  on  constructing  and  print- 
ing catalogues  of  spectral  rays  arranged 
upon  a  scale  of  wave-numbers,  53. 

Hull  (Prof.)  on  underground  tempera- 
ture, 128. 

Invention-*,  report  of  the  committee  ap- 
pointed to  consider  the  mode  in  which 
now,  and  claims  for  reward  in  respect 
of  adopted  inventions  are  examined 
and  dealt  with  by  the  different  de- 
partments of  Government,  and  to  re- 
port on  the  best  means  of  removing 
any  real  causes  of  dissatisfaction,  as 
well  as  of  silencing  unfounded  com- 
plaints, 243. 

Inverness  rainfall  in  1870  and  1871,  207. 

Isle  of  Man  rainfall  in  1870  and  1871, 
200. 

Jeffreys  (J.  Gwyn),  report  on  the  Mol- 
lusca  of  Europe  compared  with  those 
of  Eastern  North  America,  302. 

Jolly  (W.)  on  the  discovery  of  fossils  in 
certain  remote  parts  of  the  North-west 
Highlands,  238. 

Kent's  Cavern,  Devonshire,  eighth  re- 
port of  the  committee  for  exploring, 
28. 

Kent  rainfall  in  1870  and  1871, 180. 

Kerry  rainfall  in  1870  and  1871,  20H. 

Kincardine  rainfall  in  1870  and  1871, 
205. 

King's  county  rainfall  in  1870  and  1871, 
200, 

Kirkcudbright  rainfall  in  1870%and  1871, 
201, 

Lanark  rainfall  in  1870  and  1871,  203. 

Lancashire  rainfall  in  1870  and  1871, 
107. 

Lay  cock  (Dr.)  on  the  antagonism  be- 
tween the  action  of  active  substances, 
124. 

Leach  (Lieut.-Colonel)  on  the  treatment 
and  utilization  of  sewage,  135, 

Leicestershire  rainfall  in  1870  and  1871. 
105. 

Levi  (Prof.  Leor.e)  on  a  uniformity  of 
weights  arid  measures,  25. 

Lincolnshire  rainfall  in  1870  and  1871, 


Lockyor  (J.  Norman)  on  constructing 
and  printing  catalogues  of  spectral 
rays  arranged  upon  a  scale  of  wave- 
numbers,  53  ;  an  interim  report  on  the 
results  obtained  by  the  British-Asso- 
ciation eclipse  expedition  of  1871, 330. 

Londonderry  rainfall  in  1870  and  1871, 
200. 

Lowno  (Benjamin)  on  terato-embryo- 
logical  inquiries,  334. 

Lubbock  (Sir  John,  Bart.)  on  the  ex- 
ploration of  Kent's  Cavern,  28. 

Lunar  crater  Plato,  W,  11.  Birt  on  tho 
discussion  of  observations  of  streaks 
of  the,  245. 

objects  suspected  of  change,  re- 
port of  the  committee  for  discussing 
observations  of,  245. 

Lyell  (Sir  Charles)  on  tho  exploration 
of  Kent's  Cavern,  28 ;  on  underground 
temperature,  12S. 

Mackio  (S.  J.)  on  underground  tempera- 
ture, 128. 

Mason  (Hugh)  on  steam-boiler  explo- 
sions, 57. 

Maw  (George)  on  underground  tempera- 
ture, 128. 

Maxwell  (Prof.  J.  Cl»«rk)  on  under- 
ground  temperature,  1 28 ;  on  Siemens'* 
electrical-resistance  pyrometer,  134. 

Measures,  report  on  the  best  means  of 
providing  lor  a  uniformity  of  weights 
and,  with  reference  to  the  interests  of 
science,  25. 

Merioneth  rainfall  in  1870and  1871,  201 . 

Merritield  (C.  W.)  on  instruments  for 
measuring  the  speed  of  ships  and  cur- 
rents, 170;  on  claims  for  reward  for 
inventions  adopted  by  Government, 
243. 

Meteoric  astronomv,  papers  relating  to, 
108. 

showers,  70. 

Meteors,  luminous,  report  of  the  com- 
mittee on,  57 ;  doubly  observed,  59  • 
large,  00;  observed  in  August  1871, 
81 ;  position  of  the  radiant-point^  87  ; 
general  list  of  bolides  and  bright, 
observed  in  1871  and  1872,  110. 

Middlesex  rainfall  in  1870  and  1871, 
188. 

Milne-Home  (D.)  on  earthquakes  in 
Scotland,  240. 

Moab,  geographical  exploration  of,  223. 

,  Southern,  report  on  the  ex  [dera- 
tion of,  210. 

Mollusca,  report  on  the,  of  Europe  com- 
pared with  those  of  Eastern  North 
America,  302. 
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Monmouthshire    rainfall  in  1870  and 

1871,  200. 
Montgomery  rainfall  in  1870  and  1871, 

JMylno  (II.  W.)  on  the  rainfall  of  the 
British  Isles,  17(3. 

Napier  (J.R.)  on  a  uniformity  of  weights 

mid  measures,  2o. 
Newton  (Prof,)  on  the  desirability  of 

establishing  a  ''close  tinm"  for  the 

preservation   of  indigenous  miimals. 

,*)20. 

Norfolk  raintall  in  1870  and  1871, 102. 
Northampton  rainfall  in  1*70  and  1871, 

UK). 
Northcote  (tho  Right  Hon.  Sir  S.  11.) 

on    a    uniformity    of    weights    and 

measures,  2o. 
Northumberland  rainfall  in    1870  and 

1871,  ItH). 
Nottingham  rainfall  in  1870  and  1*71, 

105. 

Oil*,  essential,  report  on  the  chemical 
constitution  and  optical  properties  of, 
311,31;*. 

Oldham  (J.)  on  tidal  observations,  .'Wo. 

Optical  properties  of  essential  oils,  report 
on  the  chemical  constitution  and.  ;U1. 

;u;j. 

Orkney  rainfall  in  1*70  and  1*71,  207. 
Oxfordshire  rainfall  in  1*70  and  1*71, 
101. 

Parlies  (William)  on  tidal  observations, 

0*'V>. 

Peebles  rainfall  in  1870  and  1*71,  202. 

Pembroke  rainfall  in  1870  and  1*71, 
200. 

Pengelly  ( William)  on  the  exploration 
of  Kent's  Cavern,  28 ;  on  underground 
temperature,  12*. 

IVnn  (John)  on  steam-boiler  explosions, 
57. 

Perth  rainfall  in  1*70  and  1871,  205. 

Phillips  (Prof.)  on  tho  exploration  of 
Kent's  Cavern,  28;  on  underground 
temperature,  128;  on  the  rainfall  of 
tho  British  Isles,  17(>. 

Plane  moving  through  water,  experi- 
ments on  the  surface-friction  experi- 
enced by  a,  11*. 

Planimoter,  Auisler's,  F.  J.  Brnmwell 
on,  401. 

Plymouth,  list  of  fishes  taken  oft",  40. 

Polo  (l>r.)  ou  the  rainfall  of  the  British 
Isles,  170. 

Pyrometer,  Siemens's  electrical-resist- 
ance, report  of  the  committee  on,  134. 


Queen's  county  rainfall  in  1870and  1871, 
209. 

Radnor  rainfall  in  1870  and  1*71,  201. 

Rainfall  of  the  British  I^les,  leport  on 
the,  170. 

RaniMiy  (Prof.)  on  underground  tem- 
perature, 128. 

Rankine  (Prof.)  on  instruments  for  ni'-a- 
suving  the  speed  uf  ships  and  currents, 
17(>;  on  tidal  observation**,  &">o. 

Raulmson  (Rev.  Prof.)  on  the  explora- 
tion of  Moab,  210. 

Renfrew  rainfall  in  1870  and  1*71,  202. 

Reynolds  (Prof.)  on  constructing  and 
printing  catalogues  of  spectral  rays 
arranged  upon  a  scale  of  wave-num- 
bers, o.'J. 

Richards  (Admiral)  on  tidal  observa- 
tion*, ft5o. 

Riirby  (S.)  on  steam-boiler  explosions, 
•57. 

Roberts  (K.)  on  the  extension,  improve- 
ment, and  harmonic  analysis  ot  tidiil 
observations,  .'JoO. 

Uncommon  rainfall  in  1870  and  1871, 
208. 

Ross  and  Cromarty  rainfall  in  1870  and 
1*71,200. 

Roxburgh  rainfall  in  1*70  and  1871,  202. 

Russell  (\V.  II.  J..),  report  on  recent 
progress  in  elliptic  and  hyperelliptic 
functions,  u&>. 

Sanford  (W.  A.)  on  the  exploration  of 
Kent's  Cavern,  28. 

Schoiield  (Thomas)  on  steam-boiler  ex- 
plosions, 57, 

Scotland,  report  of  the  committee  on 
earthquakes  in,  240. 

Selkirk  rainfall  in  1870  and  1871,  202. 

Sewage,  fourth  report  on  the  treatment 
and  utilization  of,  13o;  deodorization 
of,  arid  precipitation  of  solid  matters, 
as  earned  on  under  the  patent  of 
Messrs  Wcare  £  Co.  at  StoKe  Union 
Workhouse,  ltt<>;  deodorizatioii  of, 
and  precipitation  of  solid  matter,  and 
conversion  of  solids  into  cement  at 
Kalinpr,  1^8  5  treatment  of  Euliug, 
by  upward  hltiation,  l.'U);  on  tho 
analysis  of,  and  eilluent  water  from 
Haling,  141  j  Whitt  bread  patent,  142; 
on  the  dry-earth  system,  143. 

Sewage-farms,  Earls  wood,  144 ;  Tun- 
bridge  Wells,  144;  Merthyr  Tydfil, 
140;  IJroton's  farm,  Ifil. 

Shetland  rainfall  in  1870  and  1871,207 

Ships,  on  instruments  for  measuring  the 
speed  of,  170. 
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Shropshire  rainfall  in  1870  and  1871, 
195. 

Siemens  (C.  W.)  on  a  uniformity  of 
weights  and  measures,  25. 

Siemens 's  electrical-resistance  pyrome- 
ter, report  of  the  committee  on,  134. 

Sligo  rainfall  in  1870  and  1871,  208. 

Solar  eclipse  of  December  12,  1871,  re- 
port of  the  committee  appointed  to 
organize  an  expedition  for  observing 
the,  327. 

Somerset  rainfall  in  1870  and  1871, 194. 

Spectral  rays,  report  of  the  committee 
appointed  to  construct  and  print  cata- 
logues of,  arranged  upon  a  scale  of 
wave-numbers,  53. 

Speed  of  ships  and  currents,  report  on 
instruments  for  measuring  the,  by 
means  of  the  difference  of  height  of 
two  columns  of  liquid,  17(3. 

Steam-boiler  explosions,  third  report  of 
the  committee  appointed  to  consider 
and  report  on  the  various  plans  pro- 
posed for  legislating  on  the  subject 
of,  with  a  view  to  their  prevention. 
57. 

Stoney  (Mr.)  on  constructing  and  print- 
ing catalogues  of  spectral  rays  ar- 
ranged upon  a  scale  of  wave -numbers, 
53. 

Suffolk  rainfall  in  1870  and  1871,  191. 

Surface-friction,  experiments  on  the, 
experienced  by  a  piano  moving  through 
water,  118. 

Surrey  rainfall  in  1870  and  1871,  188. 

Sussex  rainfall  in  1870  and  1871,  188. 

Sutherland  rainfall  in  1870  and  1871, 
206. 

Swan  (Prof.)  on  constructing  and  print- 
ing catalogues  of  spectral  rays  arranged 
upon  a  scale  of  wave-numbers,,  53. 

Sylvester  (Prof.)  on  the  rainfall  of  the 
British  Isles,  17<>. 

Symons  (G.  ,T.)  on  underground  tempe- 
rature, 128;  on  the  rainfall  of  the 
British  Isles,  176. 

Temperature,  underground,  report  on 
the  rate  of  increase  of,  downwards  iu 
various  localities  of  dry  land  and  under 
water,  128. 

Thomson  ( James)  on  the  struct uro  of 
Carboniferous-limestone  corals,  241. 

Thomson  (Sir  W.)  on  underground  tem- 
perature, 1 28;  on  Siemens' s  electrical- 
resistance  pyrometer,  134;  on  earth- 
quakes in  Scotland,  240;  on  tidal 
observations,  355. 

Tidal  observations,  report  of  the  com- 
mittee appointed  for  the  purpose  of 


promoting  the  extension,  improve- 
ment, and  harmonic  analysis  of,  355. 

Tomlinson  (C.)  on  the  rainfall  of  the 
British  Isles,  170. 

Treatment  and  utilization  of  sewage, 
report  on  the,  135. 

Tristram  (Rev.  Dr.)  on  the  exploration 
of  Moab,  210,  223  ;  on  the  desirability 
of  establishing  a  "  close  time  "  for  the 
preservation  of  indigenous  animals, 
320. 

Tyrone  rainfall  in  1870  and  1871,  201). 

Underground  temperature,  report  on  the 
rate  of  increase  of,  downwards  iu 
various  localities  of  dry  laud  and  under 
water,  128. 

Uniformity  of  weights  and  measures, 
report  on  the  best  means  of  providing 
for  a,  with  reference  to  tho  interests 
of  science,  25. 

Utilization  of  sewage,  report  on  the 
treatment  and,  135. 

Vivian  (E.)  on  the  exploration  of  Kent's 

Cavern,  28. 
Voelcker  (Dr.  A.)  on  the  treatment  and 

utilization  of  sewage,  135. 

"Warwickshire  rainfall  in  1870  and  1871, 
104. 

Water,  experiments  on  tho  surface-fric- 
tion experienced  by  a  piano  moving 
through,  11 H. 

Waterford  rainfall  in  1870  and  JS71, 
208. 

Waterworks,  E.  Easton  on  the  Brighton, 
31)5. 

Wave-numbers,  report  of  the  committee 
appointed  to  construct  and  print  cata- 
logues of  spectral  rays  arranged  upon 
a  scale  of,  53. 

Webb  (Uev.  T.  Wr.)  on  lunar  object  H 
suspected  of  change,  245. 

Webster  (Thomas)  on  steam-boiler  ex- 
plosions, 57. 

Woio.rst.rass  (Hr.)<  on  the  system  of  hy- 
perelliptic  differential  equation.- 
adopted  by,  &fJ5. 

Weights  and  measures,  report  on  the 
host  moans  of  providing  for  a  unifor- 
mitv  of,  with  reference  to  tho  interests 
of  science,  25. 

Westmoreland  rainfall  in  1870  and  1*71^ 
100. 

Whit  worth  (Sir  .!,,  Bart,)  on  a  uni- 
formity of  weights  and  measures, 
25. 

Wicklow  rainfall  in  1*70  and  1 871 , 200, 

Wigtown  rainfall  in  1870  and  1871, 201, 
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Williamson  (Prof,  A,  W.)  on  a  unifor- 
mity of  weights  and  measures,  25 ;  on 
Siemens's  electrical-resistance  pyro- 
meter, 134;  on  the  treatment  'and 
utilization  of  sewage,  135. 

Wiltshire  rainfall  in  1870  and  1871, 102. 

Woodward  (11.)  report  on  fossil  Crus- 
tacea, IW] . 

Worcestershire  rainfall  iu  1670  uud 
1871,  1<J5. 


Wright  (Dr.)  on  the  chemical  constitu- 
tion and  optical  properties  of  essential 
oils,  313. 

Yorkshire  rainfall  in  1870  and  1871, 107. 

Zoological  stations,  report  of  the  com- 
mittee appointed  for  the  purpose  of 
promoting  the  foundation  ot,  in  differ- 
ent part*  of  tho  world,  47. 
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luca,  131;    on  the  structure  of  Ed- 
ivtirrftiHt,  13 2 ;    on  the  structure    of 

Alphabet,  John  Kvans  on  the,  and  its 
origin,  1^1. 

America,  Eastern  North,  J.  Gwyn 
•letfre\s  on  tho  Mollusca  of  Europe 
compared  with  those  of,  137. 

Anatomy  and  physiology,  Prof.  Burdon 
Sanderson's  address  to  the  department 
of,  145. 

Andrews  (W.  P.)  on  the  Euphrates- 
valley  route  to  India,  203. 

Aneroid,  Prof.  Phillips  on  tho  tempera- 
ture-correction of  an,  (>1. 

Animal  (marine),  Dr.  Sclater  on  an  ap- 
parently new,  from  the  North  Pacific. 
MO. 

Animal*,  young,  D.  A.  Spalding*  on  in- 
stinct, with  original  observations  on, 
141. 

Animated  frames,  O.  Harris  on  the  con- 
current contemporaneous  progress  of 
renovation  and  waste  in,  and  the 
extent  to  which  such  operations  are 
controllable  by  artificial  means,  152. 


*Abe.rrnfion,  Prof.  Kveivitona  dilUculiv 

in  the  theory  of,  «*tt>. 

A  cid,  sulph  uric,  Proi.  Mallei  on  tho  occur- 
rence of  native,  in  Eastern  Texns,  78. 
Acids,  stearir,  and  palmitic,  W.   Lant 

Carpenter  on  a  new  process  for  the 

manufacture  of,  71. 
Adams  (AV.  M.)  on  tho  meiisurrttor,  a 

now  instrument  for  tho  solution  of 

triangles,  5i\ 
Aerial  navigation,  0.  A.   Bowdler  on, 

211. 

*  Africa,  South,  Dr.  J.  C1.  Brown  on  the 

desiccation  of,  -07. 

*  Agate,  (i.  Uwvin  on  specimens  of,  and 

other  natural  colloid  silica,  85. 
Albumen  in    neutral    salts,  AV.   Lant 
Carpenter  on  the  presence  of,  and  on 
si  new  process  for  tho  manufacture  of 
stenric  and  palmitic  acids,  71. 

*  Alexander  (Major-General  Sir  J.  E.) 

on  the  pollution  of  rivers,  220. 
Allman  (Prof.)  on  the  structure  and  de- 
velopment of  Mifraria,  120 ;  on  somo 
points  in  the  development  of  Vbrticel- 
tulref  1-JO  j  on  tho  structure  of 
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Annolides,  fossil  tubicolar,  Prof.  II.  A. 
Nicholson  on  GHonia,  a  new  genus 
of,  with  notes  on  the  genus  Tentacu- 
litcs,  118. 

Anthropologists,  western,  J.  Koines  on, 
and  extra-western  cumin  unities,  18U. 

Anthropology,  Colonel  Lane  Fox's  Ad- 
dress to  the  department  of,  157. 

Antrim,  Prof.  E.  Hull  on  the  trachyte 
porphyries  of,  111. 

Archaic  remains  in  Britain  and  America, 
J.  S.  Phenri  on  some  evidences  sug- 
gestive of  a  common  migration  from 
the  East,  shown  by,  192. 

Arenig  rocks  of  St.  David's,  J.  Ilopkin- 
son  on  the  Graptolites  of  the,  107. 

Arsenic,  metallic.  Prof.  Mallet  on  the 
fusion  of,  77. 

Arterial  pressure,  Dr.  Burdon  Sanderson 
on  the  cause  of  the  respiratory  varia- 
tions of,  154. 

Artificial  stone,  F.  Rausouie  on  recent 
improvements  in  the  manufacture  of, 
and  the  application  of  such  stone  to 
constructive  and  other  purposes,  248. 

Asiatic  emigration,  Sir  G.  Young,  Bart, 
on  the  question,  "  Is  the.  to  the  West 
Indies  likely  to  be  a  permanent  fact 
in  modern  geography,'  215. 

Astronomical  refraction,  G, Forbes  on, o(>. 

Atkinson  (Hev.  J.  C.)  on  the  predomi- 
nating Danish  aspect  of  the  local  no- 
menclature of  Cleveland,  Yorkshire, 
175. 

Atlas,  chain  of  the  Great,  John  -Ball  on 
the  orography  of  the,  203. 

Atmospheric  refraction,  Prof.  J.  Thomson 
on,  of  inclined  rays,  and  on  the  path 
of  a  level  ray,  41. 

Baleines,  les,  du  crag  d'Anvers,  par  Prof. 
Van  Benedcn,  134. 

Ball  (John)  on  the  orography  of  the 
chain  of  the  Great  Atlas,  203. 

*Barorneter,  Marriotti,  description  of  the 
new,  by  M.  Telford,  (J2. 

*Barrett  (W.  F.)  on  a  condition  affect- 
ing the  spheroidal  state  of  liquids,  and 
its  probable  effect  on  certain  boiler- 
explosions,  48. 

Barrows  of  the  Yorkshire  wolds,  the 
Rev.  W.  Greenwell  on  the,  187. 

Bate  (C.  Speuce),  exploration  of  some 
tumuli  on  Dartmoor,  1 75. 

Beach,  raised,  Prof,  E.  Hull  on  the,  of 
the  north-east  of  Ireland,  113. 

*Beauty,  F.  T.  Mott  on  the  theory  of  the 
scientific  value  of,  in  relation  to  the 
doctrines  of  Mr.  Darwin  and  Mr. 
Galton,  137. 


Becker  (Lydia  E.),  statistics  regarding 
the  attendance  and  education  of  girls 
in  the  elementary  schools  of  Manches- 
ter, 220. 

Beneden  (Prof.  Van)  sur  les  Baleines  du 
crag  d'Anvers,  134. 

Bergeron  (C.)  on  rapid  and  economical 
transport  of  merchandise,  241. 

Bernoulli's  numbers,  J.  W.  L.  Glaisher 
on  the  function  that  stands  in  the 
same  relation  to,  that  the  gamma- 
function  does  to  factorials,  17. 

Biological  Section,  Sir  John  Lubbock's 
Address  to  the,  123. 

Blood,  E.  A.Schafer  on  the  coagulation 
of  the,  155, 

*Boat-lowering  apparatus,  E.  J.  Hill  on, 
240. 

Bogouscheysky  (Baron),  note  by,  on  tu- 
muli from  Ascheradenin  Livonia,  178. 

*Boilcr-t\xplosions,  \V.  1°.  Barrett  on  a 
condition  affecting  the  spheroidal 
state  of  liquids  and  its  probable  effect 
on  certain,  48. 

*Bostel  (D.  T.)  on  a  modification  of  tho 
earth-closet,  241. 

Bowdlor  (C.  A)  on  aerial  navigation, 
241. 

Bovs  (Rev.  II.  A.)  on  ( creek  meteorology, 
53. 

Brachiopoda,  T.  Davidson  on  the  present 
state  of  our  knowledge  in  connexion 
with  the,  99. 

Bramwell  (F.  J.),  Address  by,  to  the 
Mechanical  Section,  227. 

Brandis  (Dr.)  on  the  geographical  dis- 
tribution of  forests  in  India,  205. 

*  Breech-loading  firearms,  C.  F.  Dennet 
on,  242. 

small  arms,  A.  Wylie  on  the  pro- 
gress of  invention  in,  during  the  past 
twenty  years,  252. 

Brighton,  J.  tlowell  on  the  minerals 
lately  found  in  the  drainage-works  at, 
108;  on  super-cretaceous  formations 
in  the  neighbourhood  of,  KM);  inter- 
cepting and  outfall  sewers,  J.  G. 
(Gamble  on  the,  245. 

British  Association,  Lieut.-Col.  Strange, 
on  the  duty  of  the,  with  respect  to  the 
distribution  of  its  funds,  03. 

Brown  (Dr.  A.  Crum)  on  chemical  no- 
menclature, GO. 

* (Dr.   j,   c.)  on  tho  desiccation 

of  South  Africa,  207. 

* (J.  H.)  on   refraction  and  solnr 

spots,  30. 

Buchan  (Alexander)  on  tho  deep-water 
temperatures  of  Lochs  Lomond,  Ka- 
trine, and  Tay,  207, 
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Bunting  (C.  G.)  on  the  importance  of 
providing  additional  facilities  for  tho 
instruction  of  School-Board  pupils  in 
tho  higher  branches  of  knowledge, 
222.  b 

Burgess  (II.)  on  international  coinage, 
222.  °  ' 

Button  (E.),  explorations  in  tho  gold- 
region  of  the  Limpopo,  208. 

Bykow.ski  (Gryf  Ja\a  do)  on  a  through 
railway-route  to  India,  am*  Russia  and 
the  Oxus  \alley,  209. 

Cable-signalling,  0.  K.  Winter  on  the 
use  of  electromagnetic  instead  of  elec- 
trostatic induction  in,  52. 

Cail  (Richard)  on  Call's  lock  salnion- 
ymss  or  swimming-stair,  1  .'>.">. 

Cairns,  religious,  of  the  Ilimahiyan 
^  region,  K.  B.  Shaw  on  tho,  104. 

Cambrian  and  Silurian  rocks,  II.  Hicks 
on  the,  of  Ramsey  Island,  St.  David's. 
107. 

Campbell  (Archibald),  not<»s  on  the 
Looshais,  170. 

( J.  1<\)  on  a  visit  to  the  In  pogeum, 

175. 

Canada,  Sir  IX  (Jibb,  Bart.,  on  stone 
implements  and  fragments  of  pottery 
from,  180. 

Canal  Cavour,  P.  Lt»  Neve  Foster,  jun., 
on  the  new  branch  canal  leading  trom, 
for  irrigating  the  province  of  JLomel- 
lina,  24:i 

Cannock  Chase,  "W.  Molyneux  on  the 
occurrence  of  copper-  and  lead-ores  in 
the  Btmter  conglomerates  of,  110. 

Carmichael  (A.  A.)  on  a  hypogeum  at 
Valaquie,  North  Uist,  170. 

Carpenter  (Dr.  W.  B.)  on  the  general 
oceanic  thermal  circulation,  48 ;  on 
the  temperature  and  other  physical 
conditions  of  inland  seas  in  their  rela- 
tion to  geological  inquiry,  JH». 

Carpenter  (\V.  Lant)  on  the  presence  of 
albumen  in  neutral  salts,  and  on  a  new 
process  for  the  manufacture  of  stearic 
and  palmitic  acids,  71 ;  on  the  mode 
of  collection  of  samples  of  deep-sea 
water,  and  of  their  analysis  for  dis- 
solved gaseous  constituents,  employed 
on  board  II. M.S.  i  Porcupine  '  during 
the  summers  of  1801)  and  1870,  72. 

Camithers  (W.)  on  the  tree  ferns  of  the 
coal-measures,  and  their  affinities  with 
existing  forms,  1)8;  on  Tragitairia,  a 
radiolarian  rliizopod  from  the  coal- 
measures,  120. 

*Carter  (D.)  on  a  modification  of  the 
earth-closet,  242, 


Caucasus,  Dr.  Charnock  on  the  ethnolo- 
gical and  philological  relations  of  the, 
177. 

Caves  of  Perigord,  Piof.  T.  Rupert  Jones 
on  some  bone  and  other  implements 
from  the,  bearing  marks  indicative  of 
ownership,  tallying,  or  gambling,  IK). 

Ceylon,  Prof.  Rolleston  on  tho  Weddo 
of,  1(J4. 

Chalk  escarpment,  ~\V,  Topley  on  the 
relation  of  the  paiish  boundaries  in 
tue  south-east  of  England  to  great 
yhvsical  features,  particularly  to  the, 

of  the  Paris  basin,  Prof.  Ile'bert 

on  the,  104. 

Chavnock  (Dr.)  on  Sussex  river-names, 
170;  on  certain  geographical  names 
in  the  county  of  Sussex,  177;  on  the 
Roumanian  gipsies,  177  ;  on  the  gipsy 
dialect  called  u  Sim,"  177;  on  tho 
ethnological  and  philological  relations 
of  the  Caucasus,  177. 

Chemical  afhriity,  heat,  and  electricity, 
Dr.  Gladstone  and  A.  Tribe  on  tho 
mutual  helpfulness  of,  in  producing 
the  decomposition  of  water,  75. 

elements,  Prof.  Zenger  on  the  velo- 
city of  light  in  the,  and  on  their  crys- 
talline form,  40. 

nomenclature,  Dr.  A.  Cruni  Brown 

on,  0(J. 

Section,    Dr.   J.   II.   Gladstone's 

Address  to  the,  04. 

Chemistry,  elementary,  Dr.  T.  Wood  on 
teaching,  to  boys  under  14  years  of 
nge,  87. 

Chlorine,  W,  AVeldon  on  the  manufac- 
ture of,  by  means  of  mauganite  of 
magnesium,  80. 

Clark  (Hyde)  on  the  Mangnerna  or 
Manyema  of  Dr.  Livingstone,  178; 
on  polygamy  as  affecting  population, 
224 ;  on  the  progress  of  the  through 
railway  to  India,  242. 

Clay  soils,  J.  Smyth,  jun.,  on  an  appa- 
ratus for  testing  the  water-stopping 
eflicieney  of,  and  other  substances 
under  pressure,  250. 

Cleveland,  Rev,  J.  C.  Atkinson  on  tho 
predominating  Danish  aspect  of  tho 
local  nomenclature  of,  175. 

*  Clifford  (Prof.)  on  the  contact  of  sur- 

faces of  the  second  order  with  other 

surfaces,  13. 
Coagulation  of  the  blood,  E.  A.  Schnfer 

on  the,  155. 
Coal-  and  iron-mines,  T.  A,  Rcadwin 

on  the,  of  the  Arigna  district  of  the 

Connaught  coal-measures,  122. 
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Coal-measures,  W.  Carruthers  on  tlie 

.  tree  ferns  of  the,  and  their  affinities 
with  existing  forms,  98. 

"  ,  W.  Carruthers  on  Traquairia,  a 
radiolarian  rhizopod  from  the,  120. 

• ,  Rev.  J.  Gunn  on  the  prospect  of 

finding  productive,  in  Norfolk  and 
Suffolk,  102. 

Codeine,  l)r,  Wright  on  now  derivatives 
from  morphine  and,  87. 

*Colbron  (J.  P.)  on  the  drainage  of 
Shoreham,  242. 

Collins  (M.),  new  improvements  ap- 
proximating more  rapidly  than  usual 
to  square,  cube,  and  other  roots  of  a 
given  number  N,  13. 

*Colloid  solutions,  Dr.  Ord  on  the  crys- 
tallization of  salts  in,  71). 

Colour,  change  of,  in  Fishes  and  Crus- 
tacea, M.  G.Pouchet  on'the  mechanism 
of  the,  152. 

Conglomerates,  Bunter,  W.  Molyneux 
on  the  occurrence  of  copper-  and  lead- 
ores  in  the,  of  Cannock  Chase,  110. 

Connaughtcoal-measures,(T.  A.  Keadwin 
on  the  coal-  and  iron-mines  of  the 
Arigna  district  of  the,  122. 

*  Cooper  (W.  J.)  on  a  proposed  method  of 

Preventing  the  fermentation  of  sewage, 
3. 

Copper,  A.  Tribe  on  the  precipitation  of 
silver  by,  84. 

Copper-  and  lead-ores,  "W.  Molyneux  on 
the  occurrence  of,  in  the  Buuter  con- 
glomerates of  Cannock  Chaso,  110. 

Cotton,  J.  Galletly  on  the  ignition  of, 
by  saturation  with  fatty  oils,  73. 

Crace-Calvert  (Dr.  F.)  on  the  relative 
power  of  various  substances  in  pre- 
venting putrefaction  and  the  deve- 
lopment of  protoplasmic  and  fungus 
life,  GO. 

Cretaceous  rocks,  J.  W,  Judd  on  tho 
discovery  of,  in  the  islands  of  Mull 
and  Inch  Kenneth,  115. 

super-formations,  J.  Ilowell  on, 

in  the  neighbourhood  of  Brighton, 
109. 

Croger  (Charles  T,)  on  tumuli  at  As- 
clieraden  in  Livonia,  178. 

*Croullebois  (Prof.)  on  the  action  of 
quartz  on  ultra-violet  rays,  30 ;  on 
tubes  phosphorescent  by  friction,  '30. 

Crustacea,  M.  G.  Pouchet  on  tho  me- 
chanism of  the  change  of  colour  in 
fishes  and,  152. 

*Crystalline  schists,  Dr.  Robert  Sim  on 
certain  quartz -nodules  occurring  in 
the,  near  Killin,  Perthshire,  122. 

Crystallographic,  the,  system  of  leucite, 


hitherto  supposed  to  be  regular,  is 
quadratic,  by  G.  vom  Rath,  79. 

Cube,  and  other  roots  of  a  given  num- 
ber N,  M,  Collins  on  new  improve- 
ments in  approximating  more  rapidly 
than  usual  to  square,  1(1 

*Curley  (T,)  on  the  sewage  diiliculty, 
242. 

Curves,  quartan,  F,  W.  Newman  on  tri- 
diametral,  22  ;  on,  with  three  or  four 
diameters,  23  ;  on  monodiametral,  23. 

Cyclones,  Charles  Meldrurn  on  a  perio- 
dicity in  the  frequency  of,  in  tho 
Indian  Ocean  south  of  tho  equator, 

r>o. 

Cyphonaufas,  Prof.  Alliuan  on  the  struc- 
ture of,  133. 

Dartmoor,  0.  Speiiee  Bate  on  an  explo- 
ration of  some  tumuli  on,  175. 

Davidson  (Thomaa)  on  the  present  state 
of  our  knowledge  in  connexion  with 
the  Brachiopoda,  99. 

Dawkins,  W.  Boyd  on  the  physical 
geography  of  the  Mediterranean 
during  the  Pleistocene  age,  200  ;  re- 
port on  the  archaeological  aud  zoo- 
logical results  of  the  exploration  of 
tho  Victoria  Cave,  178. 

Deep-sea  researches,  Capt.  M.  Hull  on 
the  employment  of  yachts  in,  130. 

water,  W.  Lant  Carpenter  on  the 

mode  of  collection  of  samples  of,  and 
of  their  anah  sis  for  dissolved  gaseous 
constituents,  employed  on  board 
II. M.S.  'Porcupine'  during  the 
summers  of  1809  and  J870,  72. 

Definite  integrals,  J.  W.  L,  Glaiwher  ou 
the  evaluation  in  series  of  certain,  !•>. 

De  La  IJuo  (Dr.  Warren),  Address  by,  to 
the  Mathematical  and  Physical  Sec- 
tion, 1. 

Delesse's  (M.)  work,  entitled  "  Litho- 
logie  du  fond  des  Mers,"  J.  G.  Jeffreys 
on  submarine  explorations  with  re- 
ference to,  115. 

Dennet  (C.  F.)  on  Ramie,  a  new  plant, 
with  description  of  its  uses,  £c.,  120. 

* on  breach-loading  firearms,  2-12. 

Dents  du  Mticrcwchenia,  P.  Gcrvais 
snrles,  etleur  niodede  rein  placement, 
130. 

Devonian  age,  rocks  of,  Prof.  J.  Hall  on 
the  occurrence  of  trunks  of  Psaronitts 
in  an  erect  position  resting  on  their 
original  bed  in,  in  the  state  of  New 
York,  with  some  inferences  regarding 
tho  condition  of  the  sea-bottom  and 
shore-line  during  tho  deposition  of 
the  strata,  103, 


INDEX  II. 


263 


Bewar  (James)  on  recent  estimates  of 
solar  temperature,  50  j  on  the  tempe- 
rature of  tho  electric  spark,  61. 

Diekson  (Prof.)  on  the  cones  of  Ptnti* 
pinaster,  127 ;  on  Stignwrue  from  the 
fossiliferous  strata  at  Auehentorlio, 
127. 

Diilraetion,  Dr.  T.  O.  Ward  on  a  pheno- 
menon connected  with,  45. 

Diffraction-gratings,  the  Hon.  J.  \V. 
Strutt  on  tho  application  of  photo- 
graphy to  copy,  JM. 

Dines  (George)  on  a  new  hygrometer, 
50. 

Dinitrobrombenzeno,  J.  F.  Walker  on, 
<S3. 

DtHvlwlu*,  T.  Davidson  and  Prof.  W. 
King  on  the  genera  Trimcreffa,  Mono- 
mercfldy  and,  100. 

Disease,  graft  tlieory  of,  Dr.  »T.  lioga  on 
the,  152. 

Distribution  of  prime  numbers,  J.  W.  L. 
(Uaishor  on  the  law  of,  li). 

Down,  Prof.  1).  Hull  on  tho  trachyte 
porphyi ies  of  Antrim  and,  111. 

Dredging- expedition,  notes  of  a  deep- 
sea,  in  the  Gulf  of  St.  Lawrence,  bv 
J.  K  Whiteaves,  143. 

Drodgingsin  Lake  Ontario,  Prof.  Nichol- 
son 's  report  on,  137. 

*  Drilling-apparatus,  A.  Upward  on,  for 

gas-  and  water-main*,  252. 
Dust,  (T.  Gladstone  on  tho,  thrown  up 
by  Vesuvius  during  the  Into  eruption, 
7J. 

*  Earth-closet,  D.  T.  Hostel  on  a  modi- 

fication of  the,  241, 

,  D.  Carter  on  u  modification  of  tho, 

LM2. 

Eaton  (II.)  on  certain  economical  im- 
provements in  tho  construction  of 
locomotive  engines,  *2\i\. 

Echinodermata,  naked,  (\  Moore  on  tho 
vnvsonoe  of,  in  the  Inferior  Oolite  and 
J  yias,  1 1 7. 

Eekart  (W,  II.)  on  marine  propulsion, 

*m 

Kclipsc  du  12  Di^c.  1871,  resultat  do 
ses  observations  dans  1'Inde  sur  T, 
par  Dr.  Janssen,  JU. 

Economic  Science  and  Statistical  Sec- 
tion, Prof,  II.  Fawcett's  Address  to 
the,  217. 

Education,  tho  .Rev.  E.  Hale  on  tho 
place  of  freopjaphy,  political  and  phy- 
sical, in,  20i). 

JZhcardsifti  Prof.  Allinan  on  tho  struc- 
t-re  of,  W2. 

IClnftic  solid,  Dr.  J.  ITopUinson  on  the 


stresses  produced  in  an,  by  inequa- 
lities of  temperature,  51 . 

Electric  spark,  J.  Dewar  on  the  tempe- 
rature of  the,  51. 

Electricity,  Dr.  J.  IT.  Gladstone  and  A. 
Tribe  on  the  mutual  helpfulness  of 
chemical  affinity,  heat,  and,  in  pro- 
ducing the  decomposition  of  water, 
7o. 

Electrolysis  of  water,  0.  J.  Woodward 
on  a  modi ji cation  of  Hofwannjs  ap- 
paratus for,  ft7. 

Elementary  bodies,  K.  Schenk  on  the 
amount  of  heat  required  to  raise,  from 
absolute  zero  to  thoir  state  of  fusion, 
Hi. 

Elliot  (Sir  Walter)  on  the  primitive 
weapons  of  ancient  India,  180. 

Elm,  M,  Motrgridjro  on  a  curious,  129, 

Engines,  locomotive,  11.  Eaton  on  cer- 
tain economical  improvements  in  1  ho 
construction  of,  240. 

*  England,  U.  A.  Lebour  on  the  preolo- 
gical  distribution  of  goitre  in,  115. 

,  south-en st  of,  W.  Topley  on  tlio 

relation   of  tho  parish  boundaries  in 
the,  to  great  physical  features,  par- 
ticularly to  the  *  chalk   escarpment, 
I      107. 

I  ^English  nation,  A.  L.  Lewis  on  tho 
pretended  identification  of  the,  "\\ith 
tho  *»  Lost  Home  of  Israel,"  1VK). 

Ethers,  J.  A.  Wanklyn  on  some  new 
methods  of  analyzing  tho,  85. 

Euphratos-vnilov  route  to  India,  W.  P. 
Andrews  on  the.  20tf. 

Europe,  J.  G.  Jollroys  on  the  ^rollusca 
of,  compaied  with  tho.se  of  luistern 
North  America,  l.'»7. 

Evaluation  in  series  of  certain  deiinito 
integrals,  .J.  W.  L.  Glaisher  on  the, 
lo. 

E\ans  (John)  on  the  alphabet  and  its 
origin,  1S1. 

*Evorett  ( Prof.  J,  D. )  on  focal  linos,  ,°><» ; 
on  a  difficulty  in  tho  theory  of  aberra- 
tion, .'W ;  on  mirage,  •">(>. 

'Evolution,  the  K«-v.  J.  T.  Gulick  on 
diversity  «)f,  under  one  set  of  external 
conditions,  lo(>. 

Factorials,  J.  W.  L.  Glaishor  on  tho 
function  that  stands  in  tho  same  re- 
lation to  Bernoulli's  numbers  that  tho 
gamma-function  does  to,  17. 

Fatty  oils,  J.  Galletly  on  the  ignition 
of  cotton  by  saturation  with,  73. 

Fawcett  (Prof.  II.),  Address  to  the  Sec- 
tion of  Economic  Science  and  Sta- 
tistics, 217. 
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Fellowes  (Frank  P.),  suggestions  for  im- 
proving and  extending  our  national 
accounts,  224. 

*Fermentation  of  sewage,  W.  J.  Cooper 
on  a  proposed  method  of  preventing 
the,  73. 

Fichtelite,  Prof.  Mallet  on  the  occur- 
rence in  recent  pine-timber  of,  a  hy- 
drocarbon hitherto  only  known  in  a 
fossil  state,  70. 

Filter-pump,  T.  E.  Thorpe  on  an  im- 
proved form  of,  83. 

Fishes  and  Crustacea,  M.  G.  Pouchet  on 
the  mechanism  of  the  change  of  colour 
in,  152. 

Flora  of  Moab,  A.  W.  Ilayne  on  the,  1 28. 

of  Sussex,  AV.  B.  Ilemsley  on  a 

summary  analysis  of  the,  128. 

Flower  (Prof.  W,  II.)  on  the  arrange- 
ment and  nomenclature  of  the  lobes 
of  the  liver  in  Mammalia,  150. 

*Focal  lines,  Prof.  Everett  on,  30. 

Fonviello  (W.  de)  on  the  advantages  of 
keeping  records  of  physical  phenomena 
connected  with  thunder-storms,  5/5. 

Forbes  (George)  on  astronomical  re- 
fraction, 3(5. 

Forests  in  India,  Dr.  Brandis  on  the  geo- 
graphical distribution  of,  205. 

,  G.  Lemoino  on  the  relation  of,  to 

hydrology,  210. 

Fossil  animals,  Prof.  A.  Gaudry  on  the, 
from  Mount  Leberou  (Vaucluse),  102. 

chip,  Prof.  Nicholson  on  a  silici- 

fied  forest  in  the  Rocky  Mountains, 
with  an  account  of  a  supposed,  192. 

Fossiliferous  strata,  Prof.  Dickson  on 
Stiffmaria  from  the,  at  Auchentorlie, 
127, 

Foster  (P.  Le  Neve,  jun.),  description 
of  the  new  branch  canal  leading  from 
the  Canal  Cavour  for  irrigating  the 
province  of  Lomellina,  243, 

Fox,  Colonel  A.  Lane,  Address  to  the 
Department  of  Anthropology,  157. 

French  and  English  peoples,  Dr.  T. 
Nicholas  on  the  ethnological  affi- 
nities of  the,  191. 

Fresh-  and  brackish-water  formations, 
R.  A.  C.  Godwin-Austen  on  the  place 
of  the,  in  the  geological  scale,  90, 

*Friction,  Prof.  Croullebois  on  tubes 
phosphorescent  by,  30. 

Fronde  (W.)  on  an  apparatus  for  auto- 
matically recording  the  rolling  of  a 
ship  in  a  seaway,  243. 

Fungus  life,  Dr.  Crace-Calvert  on  the 
relative  power  of  various  substances 
in  preventing  putrefaction,  and  the 
development  of  protoplasmic  and,  69. 


Gaffield  (Thomas)  on  the  action  of  sun- 
light on  colourless  and  coloured  glass, 
37. 

Galletly  (John)  on  the  ignition  of  cotton 
by  saturation  with  fatty  oils,  73. 

Galton  (Francis),  Address  to  the  Geo- 
graphical Section,  198. 

Galvanic  battery,  the  llev.  II.  Highton 
on  a  powerful,  77. 

Gamble  (John  G.)  on  the  Brighton  in- 
tercepting and  outfall  sowers,  245. 

Gamma-function,  J.  W.  L.  Glaishcr  on 
the  function  that  stands  in  the  saino 
relation  to  Bernoulli's  numbers  that 
tlio,  does  to  factorials,  17. 

Garrod  (A.  II.)  on  pulse-rate  and  the 
forces  which  vary  it,  151. 

Gaseous,  the  liquid,  and  the  solid  states 
of  matter,  Prof.  J.  Thomson  on  rela- 
tions between  the,  24. 

Gaudry  (Prof.  A.)  on  the  fossil  animals 
of  Mount  Leberou  (Vaucluse),  102. 

Geographical  Section,  Francis  Gallon's 
Address  to  the,  198. 

Geography,  political  and  physical,  the 
Rev.  E.  Hale  on  the  place  of,  in  edu- 
cation, 209. 

• ,  scientific,  General  Strachoy  on  the 

scope  of,  illustrated  by  remarks  on  the 
climate  of  India,  214. 

Geological  Section,  Ii.  A.  ( '.  Gudwin- 
Austen's  Address  to  the,  90. 

Gervais  (Paul)  sur  les  dents  du  Mttcntu- 
chenia,  et  lour  mode  de  remplacemcnt, 
130. 

Gibb  (Sir  D.,  Bart.)  on  a  pata-patoo  from 
New  Zealand,  185;  on  stone  imple- 
ments and  fragments  of  pottery  from 
Canada,  180. 

Girls,  Lydia  E.  Becker  on  statistics  re- 
garding the  attendance  and  education 
of,  in  the  elementary  schools  of  Man- 
chester, 220. 

Gladstone  (George)  on  the  dust  thrown 
up  by  Vesuvius  during  the  late  erup- 
tion, 74. 

(Dr.  J.  II.),  Address  by,  to  the 

Chemical  Section,  04 ;  on  filiform 
native  silver,  75. 

find  Alfred  Tribe  on  the  mutual 

helpfulness  of  chemical  affinity,  heat, 
anil  electricity  in  producing  the  de- 
composition of  water,  75. 

Glaisher  (J.  W.  L.)  on  the  evaluation  in 
series  of  certain  definite  integrals,  15  j 
on  the  function  that  stands  in  the 
same  relation  to  Bernoulli's  numbers 
that  the  gamma- function  does  to 
factorials,  17  ;  on  the  law  of  distribu- 
tion of  prime  numbers,  10, 
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Glass,  colourless  and  coloured,  T.  Gaf- 
field  on  the  action  of  sunlight  on,  37, 

God  win- A  usten  (II.  A.  C.),  Address  to 
the  Geological  Section,  00. 

*(ioitre,  G.  A.  Lebouv  on  the  geolo- 
gical distribution  of,  in  England,  115. 

*Gold  coinage,  British,  W.  Chandler 
Roberts  on  a  curve  illustrating  the, 
82. 

Gordon  (A,  McCallum)  on  the  distribu- 
tion of  pure  water  to  dwellings,  240. 

Graft  theory  of  disease.  Dr.  J.  Ross  on 
the,  lol 

Grant  (Lieut. -Colonel  J.  A.)  on  Dr. 
Livingstone's  recent  discoveries,  20'). 

Graptolites,  J.  llopkinsou  on  the,  of  the 
Arenig  rocks  of  St.  David's,  107. 

Greek  meteorology,  the  Rev.  II.  A.  Boys 
on,  5.'3. 

Greenwell's,  Canon,  excavations,  Prof, 
Rollcston  on  some  skulls  obtained  in, 
11KJ. 

Greenwell  (Kev.  W. )  on  the  barrows  of 
tho  Yorkshire  \\olds,  1H7. 

Grubb  (Howard)  on  some  new  point* 
in  the  mounting  of  astronomical  tele- 
scopes, ;U). 

Guaranine,  John  Williams  on  the  pre- 
paration of,  M. 

Gulf  of  St.  Lawrence,  .1.  F.  Whiteaves 
on  a  deep-sea  dredging-expedition  in 
the,  14:]. 

*Gulick  (the  Rev.  J.  T.)  on  diversity  of 
evolution  under  one  set  of  external 
conditions,  l.'WJ. 

Gunn  (Rev.  J.)  on  the  prospect  of  find- 
ing productive*  coal-measures  in  Nor- 
folk and  Sutlolk,  with  suggestion*  a.* 
to  the  place  where  an  experimental 
boring  should  be  made,  102. 

Halo  (Rev.  E.),  the  place  of  geography, 
political  and  physical,  in  education, 
20i). 

Hall  (Prof.  J.)  on  the  occurrence  of 
trunks  of  7^/f  www  in  an  erect  position, 
resting  on  their  original  bed,  in  rocks 
of  Devonian  nge  in  the  State  of  New 
York,  with  some  inferences  regard- 
ing the  condition  of  the  sea-bottom 
and  shore-line  during  the  deposition 
of  the  strata,  103 ;  on  the  relations  of 
the  Middle  and  Upper  Silurian  rocks 
of  the  United  States,  10:3. 

Hall  (Capt.  M.)  on  the  employment  of 
yachts  in  deep-sea  researches,  180. 

Harris  (G.)  on  the  concurrent  contem- 
poraneous progress  of  renovation  and 
waste  in  animated  frames,  and  the 
extent  to  which  such  operations  are 


controllable  by  artificial  means,  152; 
on  theories  regarding  intellect  and  in- 
stinct, with  an  attempt  to  deduce  a 
satisfactory  conclusion  therefrom,  188. 

Havne  (A.  W.)  on  the  flora  of  Moab, 
f28. 

Heat,  R.  Schenk  on  the  amount  of, 
required  to  raise  elementary  bodies 
from  absolute  zero  to  their  state  of 
fusion,  82. 

,  and  electricity,  Dr.  J.  II.  Gladstone 

and  A,  Tribe  on  the  mutual  helpful- 
ness of  chemical  afh'nity,  in  producing 
the  decomposition  of  water,  75. 

Hebert  (Prof.)  on  the  chalk  of  the  Paris 
basin,  10k 

Ilemsley  (W.  B.),  summary  analysis  of 
the  flora  of  Sussex  (Phcenogams  and 
Ferns),  12H. 

I  licks  (Henry)  on  the  Cambrian  and 
Silurian  rocks  of  Ramsey  Island,  St. 
David's,  107. 

Highton  (Rev.  II.)  on  a  powerful  gal- 
vanic battery,  77. 

*IIilgard  (J.  E.)  on  a  verification  of  the 
probability  function,  21. 

*llill  (E.J.)  on  boat-lowering  apparatus, 


Himalayan  region,  R.  B.  Shaw  on  the 
religious  cairns  of  the,  104. 

Hodgson  (0.)  on  wire  tramways,  240. 

ITofmaim's  apparatus  for  electrolysis  of 
water,  C.  J.  Woodward  on  a  modifica- 
tion of,  #7. 

*I  lope  ( W. )  on  the  est  imation  of  t  he  error 
in  the  (light  of  heavy  projectiles  due  to 
the  Woolwich  system  of  rifling,  240. 

Hopkinson  (Dr.  J.)  on  the  stresses  pro- 
duced in  an  elastic  solid  by  inequalities 
of  temperature,  51  j  on  a  nautical  pho- 
tometer, 50. 

(J.)  on  the  Graptplites  of  the 

Areuig  rocks  of  St.  David's,  107. 

Howell  (James)  on  the  minerals  lately 
found  in  the  drainage-works  at 
Brighton,  108;  on  super-cretaceous 
formations  in  the  neighbourhood  of 
Brighton,  100. 

Howorth  (II.  H.)  on  recent  changes  of 
level  of  land  and  sea,  210. 

Hull  (Prof.  E.)  on  the  trachyte  por- 
phyries of  Antrim  and  Down,  11 1 ; 
on  the  raised  beach  of  the  north-east 
of  Ireland,  113. 

* on  a  proposal  for  supplying  puro 

water  to  villages  and  country  parishes 
in  central  and  eastern  divisions  of 
England,  220. 

*Hunian  voice,  G,  V.  Leo  on  the,  as  n 
musical  instrument,  58, 
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Hydrogen,  A.  Schuster  on  the  spectrum 

of,  38, 
Hydrology,  G.  Lemoiuo  on  the  relation 

of  forests  to,  210. 

Hygrometer,  G.  Dines  on  a  new,  59. 
llypogeum,  A.  A.  Carmichael  on  a,  at 

Valaquie,  North  Uist,  17G. 
,  J,  F,  Campbell  on  a  visit  to  the, 

175. 

Implement,  flint-,  station,  Lieut.  C. 
Cooper  King  on  the  discovery  of  a,  at 
Wishmoor  Ilottom.  near  Sandhurst. 
190. 

Implements,  Prof.  T.  Rupert  Jones  on 
some  bones  and  other,  from  the  caves 
of  Perigord,  France,  bearing  marks 
indicative  of  ownership,  tallying,  or 
gambling,  189. 

,  stone,  Sir  D.  Gibb,  Bart.,  on,  and 

fragments  of  pottery  from   Canada, 
]H(j. 

India,  ancient,  Sir  W.  Elliot  on  the 
primitive  weapons  of,  180. 

• ,  Dr.  Brandis  on  the  geographical 

distribution  of  forests  in,  205, 

.  II.  Clarke  on  the  progress  of  the 

through  railway  to,  242. 

,  climate  of,  General  Strachey  on 

the    scope    of   scientific    geography, 
illustrated  by  remarks  on  the,  214. 
— ,  Gryf  Jaxa  de   Bykowski   on 
through  railway  route  to,  rid  liussin 
and  the  Oxus  valley,  i?09. 
i ,  Capt.  F.  Jones  on  the  direct  high- 
way to,  210. 

1  \V.  P.  Andrews  on  the  Euphrates- 
valley  route  to,  201?. 
Indian  Ocean   south    of   the   equator, 
C.  Meldrum  on  a  periodicity  m  the 
frequency  of  cyclones  in  the,  5(5. 
Induction    in    cable-signalling,   G. 
Winter  on  the  use  of  electromagnetic 
instead  of  electrostatic,  52. 
Instinct,  G.  Harris  on  theories  regarding 
intellect  and,   with    an    attempt  to 
deduce  n  satisfactory  conclusion  there- 
from 188. 

• ,  D.  A  Spnlding  on,  with  original 

observations  on  young  animals,  141. 
Intellect    and   instinct,  G.  Harris    on 
theories  regarding,  with  an  attempt  to 
deduce  a  satisfactory  conclusion  there- 
from, 188. 
International  coinage,  II.  Burgess'  on 

222. 
Ireland,  north-east  of,  Prof.  E.  Hull  on 

the  raised  beach  of  the,  113. 

Iron,  meteoric,  Prof.  Mallet  on  the  effect 

upon,  as  regards  capability  of  being 


forged?  of  previous  heating  to  redness 
or  whiteness  in  vacuo,  77. 
Iron-mines,  T.  A.  Keadwin  on  tho  coal- 
and,  of  tho  Arigna  district  of  the  Con- 
naught  coal-measures,  122. 

Janssen  (Dr.),  re^ultat  de  sea  observa- 
tions dans  1'Inde  sur  I'e'clipse  du  12 
De*c.  1871,  34 ;  nouveau  therm ometre 
destine*  a  prcndre  les  temperatures  de 
la  surface  des  eaux  marines  ou  ilu- 
viales,  59. 

JeiFreys  (J.  Gwyn),  a  few  remarks  ou 
submarine  explorations,  with  reference 
to  M.  Delesse's  work  entitled  "  Litho- 
logie  du  fond  des  Mora,"  115;  on  tho 
Mollusca  of  Europe  compared  with 
those  of  Eastern  Tsorth  America,  137. 

Jones  (Capt.  Felix),  the  direct  highway 
to  India  considered,  210. 

(Prof.  T.  Rupert)  on  some  bone 

and  other  implements  from  the  caves 
of  Perigord,  France,  bearing*  marks 
indicative  of  ownership,  tallying,  or 
gambling,  189. 

Judd  (J.  "W.)  on  the  discovery  of  creta- 
ceous rocks  in  the  islands  of  Mull 
and  Inch  Kenneth,  1J5. 

Kaincs  (Joseph)  on  western  anthro- 
pologists and  extra-western  commu- 
nities, 180. 

Katrine,  Lochs  Lomond,  Tav,  and, 
A.  Buchnn  on  the  deep-water  tempe- 
rature of,  207. 

Kent's  Cavern,  Torquay,  *\V.  Peugelly 
on  Ufachait'oduft  httuhns,  found  by  the 
Kev.  J.  MacKnery  in,  110. 

Keuper,  J.  E.  Lee  on  MUIIH  or  fissures 
in  the,  filled  with  Hhcetic  bone-bed, 
at  Goldclifle,  11(5. 

King  (Lieut.  C.  Cooper),  discovery  of  a 
flint-implement  station  in  Wihlmioor 
Bottom,  near  Sandhurst,  180. 

(Prof.  W.)  and  T.  Davidson  on 

the  genera  Trimerclla,  Itinololus,  and 
Monwnerella,  100. 

*K6nig  (Rudolf)  on  musical  beats  and 
resultant  tones,  68. 

Lako  Ontario,  report  on  dreclgings  in, 
1  .'>7. 

Superior,  Prof.  II.  A,  Nicholson 

on  the  geology  of  tho  Thunder  ]Jay  nnd 
fShabendowan  mining-districts  on  the 
north  shore  of,  118, 

Tanganyika,  II,  M.  Stanley  on 

discoveries  at  the  northern  end  of,  2 13. 

Lava,  G.  vom  Hath  on  leucite,  79 ;  on 
a  remarkable  block  of,  ejected  by 
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Eehinodenmita  in  the  Inferior  Oolite 


pres 
the 


Vesuvius  ^at  the  great  eruption,  April 

1872,  which  proves  tho  formation  of 

silicates  through  sublimation,  120. 
Lawson  (Prof,)  on  some  specimens  of 

Tortuln  inclinatU)  129. 
Lead-ores,  W.  Molyneux  on  tho  occur- 

renco  of  copper-  and,  in  the  Buntor 

conglomerates    of    Cannock    Chase, 

110, 
*Lel>our  (O.  A.)  on  the  geological  dis- 

tribution of  goitre  in  England,  115. 
*Leo  ((\.  V.)  on  tho  human  voice  as  a 

minimi  insl  rument,  oH. 
L<H»  (J.  E.),  notice  of  MM  in  or  fissuivH  in 

the  Keupcr,  filled  with  Uhietie  bone- 

hcd,  at  (joldcliHc  in  Monmouthshire, 

lUi. 
Li'inoine  (<*.)  on  tho  relation  of  forc^t.-i 

to  hydrology,  210. 
LfMiritc,  the  crystallographie  system  of, 

hitherto  supposed  to   be   regular,  is 

([iiadratic,  by  (r.  rom  Ivath,  70. 
Level  of  land'  and  sea,  IT.  II.  Ifoworth 

on  recent  changes  of,  210. 
*Lewis  (A.  L)  on  tho  pretended  identi- 

fication of  tho  English  nation  with 

the  "  Lost  House  of  Israel,'1  UK). 
Lias,  (  •.  [Moore1  on  the  presence  of  naked 

Eehinode 

and,  117. 
*Liebig's  extract  of  moat,  Dr.  Edward 

Smith  on  the  economic  and  nutritive 

value1  of,  227. 
Lijjht,  Prof.  Zenger  on  the  velocity  of, 

in  the  chemical  element**,  and  on  their 

crystalline  form,  4<>. 
Lights  at  sea,  Sir  "YV.  Thomson  on  the 

identification  of,  251. 

*  Liinntptts,    Prof.    C.    Semper    on    the 

normal  and  abnormal  growth  of,  150. 
Limpopo,  I1].  1  tut  ton  on  explorations  in 

the  gold  region  of  the,  208. 
Liquid,  and  the  solid  states  of  matter, 

Prof.  J.  Thomson  on  relations  between 

the  gaseous,  the,  24. 

*  Liquids,  "W.  F.  Barrett  on  a  condition 

affecting  the  spheroidal  state  of,  and 

its  probable  effect  on  certain  boiler- 

explosions,  4S. 
"JLithologie  du  fond  des  Mere/'  J.  G. 

Jeffreys   on    submarine    explorations 

with  reference  to  M.  Delessc's  work 

entitled,  115. 
Liver,  lobes  of  the,  Prof.  Flower  on  the 

arrangement  and  nomenclature  of  the, 

in  Mammalia,  loO. 
Livingstone   (Dr.),   extracts  from  the 

official  despatches  of,  211. 
Livingstone's  (Dr.)  recent  discoveries, 

Lieut-Colonel  Orant  on,  200, 


Livonia,  C.  T.  Crogcr  on  tumuli  at  As- 
cheraden  in,  178. 

Locomotive  engines,  H.  Eaton  on  certain 
economical  improvements  in  the  con- 
struction of,  243. 

Lomond,  Lochs  Katrine,  Tay,  and,  A. 
Buchan  on  the  deep-wator  tempera- 
ture of,  207. 

Looshais,  Archibald  Campbell  on  the, 
170. 

•"Lost  HOIIR.S  of  Israel/'  A.  L.  Lewis 
on  the  pretended  identification  of  the 
English  nation  with  the,  ItX). 

3Tncl *it rod u*  Ititidwn,  \V.  Pongelly  on, 
found  by  lh,{  Kev.  J.  Macftuery  in 
Kent's  Casern,  Torquay,  110. 

M(t<  rrtucficnui,]*.  Gorvais  sur  lesdentsdu, 
et  leur  m»)de  de  reuiplacement,  l:iO. 

Magnesium,  manganitc,  of,  W.  "VYelJon 
on  the  manufacture  of  chlorine  by 
means  of,  80. 

Mallet  (Prof.  J.  W. )  on  the  effect  upon 
meteoric  iron,  as  regards  the  capability 
of  being  forged,  of  previous  heating  to 
redness  or  whiteness  in  ritcifof  77  ;  on 
the  fusion  of  metallic  arsenic,  77  ;  on 
tho  occurrence  of  native  sulphuric 
acid  in  Eastern  Texas,  78;  on  the 
occurrence  in  recent  pine -timber  of 
Fichtelite,  a  hydrocarbon  hitherto 
only  known  in  a  fossil  state,  70. 

Mammalia,  Prof.  Flower  on  the  arrange- 
ment and  nomenclature  of  tho  lobe*  of 
tho  In  or  in,  150. 

Man,  Prof.  Struthers  on  the  occurrence 
of  the  supracondyloid  process  in,  150. 

Manchester,  Lydia  E.  Becker  on  sta- 
tistics regarding  the  attendance  and 
education  of  girls  in  the  elementary 
schools  of,  220. 

Mangncma  or  Manyoma  of  1  )r.  Living- 
stone, Ilvde  Clarke  on  the,  178. 

Marine  animal,  Dr.  Sclater  on  an  np» 
parently  new,  from  the  North  Pacific, 
140. 

propulsion,  W.  II.  Eekart  on,  243. 

Mathematical  and  Physical  Section,  Ad- 
dress by  Dr.  Warren  Do  La  Rue  to 
tho,  1. 

Matter,  Prof.  J.  Thomson  on  relations 
between  the  gaseous,  the  liquid,  and 
the  solid  states  of,  24. 

*Mayers  (W.  F.)  on  the  Panthays  of 
Yunnan,  211. 

*Meat,  preserved,  Dr.  Edward  Smith  on 
the  economic  and  nutritive  value  of, 
227. 

Mechanical  Section,  F.  J.  BramwelTs 
Address  to  the,  227, 
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Mediterranean,  W.  Boyd  Dawkins  on 

the  physical  geography  of  the,  during 

the  Pleistocene  age,  lOf). 
Meldrum  (Charles)  on  a  periodicity  in 

the  frequency  of  cyclones  in  the  Indian 

Ocean  south  of  the  equator,  50. 
Mensurator,  W.  M.  Adams  on  the,  59. 
Merchandise,  C.  Bergeron  on  rapid  and 

economical  transport  of,  241 . 
Merrifield  (C.  W.)  on  the  measurement 

of  waves,  246. 
*Metals,  Dr.  Oppenheini  on  the  action 

of  phosphorus  on  alkaline  solutions  of, 

70. 
Meteoric  iron,  Prof.  Mallet  on  the  e fleet 

upon,  as  regards  capability  of  being- 
forged,  of  previous  heating  to  redness 

or  whiteness  in  vacua,  77. 
Meteorology,   Greek,   the   Key.  II.  A. 

Boys  on,  53. 
*Milk,  preserved,  Dr.  Edward  Smith  on 

the  economic  and  nutritive  value  of, 

227. 
Minerals,  J.  Howell  on  the,  lately  found 

in  the  drainage  -works  at  Brighton, 

108. 

*Mirage,  Prof.  Everett  on,  30. 
MitranU)  Prof.  Allinan  on  the  structure 

and  development  of,  120. 
Moab,  A.  W.IIayne  on  the  flora  of,  128. 
,  the  llev.  Canon  Tristram  on  the 

geology  of,  123. 
*Mobius,  Prof.  II.  J.  S.  Smith  on  the 

circular  transformation  of,  24. 
Moftat  (Dr.)  on  a  tube  oznnometer,  70. 
Moggridge  (M.)  on  a  curious  elm,  129  ; 

on  the  Mentone  skeleton,  190, 
Mollusca,  J.  G.  Jeffreys  on  the,  of  Europe 

compared  with  those  of  Eastern  North 

America,  137. 
Molyneux  (W.)  on  the  occurrence   of 

copper-  and  lead-ores  in  the  Bunter 

conglomerates  of  Cannock  Chase,  11(>. 
Monmouthshire,  J.  E.  Leo  on  veins  or 

fissures  in  the   Keuper,  filled  with 

Rhsetic  bone-bed  at  Goldcliflb  in,  110. 
Monodiametral  quartan  curves,  F.  W. 

Newman  on,  23. 
Monomerclla,  T.  Davidson  and  Prof.  \V. 

King  on  the  genera  Trimcrella,  Dino- 

bolus,  and,  100. 
Moore  (C.)  on  the  presence  of  naked 

Echinodermata  (Hofathuria)   in  the 

Inferior  Oolite  and  Lias,  117. 
Morphine,  Dr.  Wright  on  new  deriva- 
tives from,  87. 
*Mortar,  Major-Gen.  IL  Y,  D.  Scott  on 

the  selenitic  method  of  making,  250. 
*Mossman  (A.)  on  the  topography  of 

Yeddo,211.     , 


*Mott  (F.  T.)  on  the  theory  of  the 

scientific  value  of  beauty  in  relation 

to  the  doctrines  of  Mr.  Darwin  and 

Mr.  Galton,  137. 
Mount  Leberon,  Prof.  A.Gaudry  on  the 

fossil  animals  of,  102. 
Mounting   of  astronomical   telescopes, 

11.   Grubb  on  some  new  points  in 

the,  30. 
*Muscular  contraction,  Dr.  Radclifte  on 

the  mechanism  of,  152. 
Museum,  national  natural-history,  how 

a,  might  be  built  and  arranged  with 

advantage,  by  II.  A.  Peacock,  138. 
"Musical  beats  and  resultant  tones,  U. 

Konig  on,  58. 

National  accounts,  suggestions  for  im- 
pro*  ing  and  extending  our,  by  F.  P. 
Fellow es,  224. 

natural-history  museum,  how  a, 

might  be  built  and  arranged  with 
advantage,  by  1\.  A.  Peacock,  138. 

New-Ireland  paddles,  ornamentation  of, 
109. 

Xewman  (F.  AV.)  on  tridiametrnl  quar- 
tan curves,  22  ;  on  quartan  cMin  CM 
with  three  or  four  diameters,  23  ;  on 
monodiametral  quartan  curves,  -•>. 

New  York,  State  of,  on  the  occurrence 
of  trunks  of  Psaroniux  in  an  eivrt 
position,  resting  on  their  original  bed, 
in  rocks  of  the  Devonian  age  in  the, 
108. 

New  Zealand,  Sir  D.  Gibb,  Bart.,  on  a 
pata-patoo  from,  18/5. 

Nicholas  (Dr.  T.)  on  the  ethnological 
affinities  of  the  French  and  English 
peoples,  101. 

Nicholson  (Prof.  II.  A.)  on  the  geology 
of  the  Thunder  1  Jay  and  Shabendowan 
mining-districts  on  tbe  north  shore  of 
Lake  Superior,  118;  on  Ortonittt  a 
new  genus  of  fossil  tubicolar  anne- 
lides,  with  notes  on  the  genus  Tent a- 
ruliteS)  118;  report  on  dredgings  iu 
Lakf3  Ontario,  137;  notice  of  a  sili- 
ciiied  forest  in  the  Rocky  Mountains, 
with  an  account  of  a  supposed  fossil 
chip,  192. 

Noctiluca,  Prof.  Allman  on  the  structure 
of,  131. 

Norfolk  and  Suffolk,  the  Rev.  J.  Guim 
on  the  prospect  of  iinding  produeth  e 
coal -measures  in,  102. 

Oceanic  thermal  circulation,  Dr.  Car- 
penter on  the  general,  48. 

Oils,  fatty,  J.  Galletly  on  the  ignition 
of  cotton  by  saturation  with,  7tf. 
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Oolite,  Inferior,  C.  Moore  on  the  pre- 
sence of  naked  Echinodermata  in  the, 
and  Lias,  117. 

*Oppeuheim  (Dr.)  on  the  action  of 
phosphorus  on  alkaline  solutions  of 
metals,  79. 

*Ord  (Dr.)  on  the  crystallization  of 
salts  in  colloid  solution*,  79. 

Ortonia,  Prof.  JI.  A.  Nicholson  on,  a 
new  genus  of  fossil  tubicolar  anne- 
lides,  118.  i 

Osborn  (("apt.  Sherard)  on  polar  explo-  I 
ration,  211.  I 

Ox v gen,  J.  A.  Wanklyn  on  the  con- 
tinuous production  of,  #5. 

Ozonometer,  on  Dr.  Moftat'd  tube,  79. 

Pacific,  Northern,  Dr.  Schiter  on  an  ap- 
parently new  maiine  animal  from  the, 
140. 

Paddles,  New-Ireland,  ornamentation 
of,  109. 

Pamir,  K,  R"Shaw  on  the  physical  fea- 
tures of  the,  and  its  Aryan  inhabitants, 

213, 

*Panthays  of  Yunnan,  AV.  F.  Mayers  on 
the,  211. 

Paris  basin,  Prof.  Ilebert  on  the  chalk 
of  the,  104. 

Parish  boundaries  in  the  south-east  of 
England,  W.  Topley  on  the  relation 
of  the,  to  great  physical  features, 
particularly  to  the  chalk  escarpment, 
197. 

Pata-patoo,  Sir  I).  Gibb  on  a,  from  New 
Zealand,  1H»>. 

Patented  inventions,  T.  Webster  on  the 
advancement  of  science,  due  to,  251. 

Paul  (W.)  on  the  relative  value  of 
clarified  «nd  unclaritied  sewage  as 
manure,  247. 

Peacock  (11.  A.),  how  a  national  natural  - 
history  museum  might  be  built  and 
arranged  with  advantage,  138, 

*  Pendulums,  Prof.  Tait  on  sympathy 
of,  24. 

Pengelly  (W.),  notes  on  Machamxlus 
latidrn*  found  by  the  Rev.  J.  Mac  Enery 
in  Kent's  Cavern,  Torquay,  119. 

Phene  (J.  S. )  on  some  evidences  sug- 
gestive of  a  common  migration  from 
the  East,  shown  by  archaic  remains  in 
America  and  Britain,  192. 

Phillips  (Trof.  J.)  on  the  temperature- 
correction  of  an  aneroid,  61. 

*Fhola*  Candida j  J.  Robertson  on  the 
perforating  instruments  of,  140. 

'Phosphorus,  Dr.  Oppenheim  on  the 
action  of,  on  alkaline  solutions  of 
metals,  79, 

1872. 


Photography,  the  lion.  J.  W.  Strutt  on 
the  application  of,  to  copy  diffraction- 
gratings,  39. 

,  Colonel  Stuart  Wortley  on  the 

importance  of  the  salts  of  uranium 
in,  45. 

Photometer,  nautical,  Dr.  J.  IJopkinson 
on  a,  59. 

Fhylltwra  raxtatrir.  Prof.  Thiselton- 
Dyeron,  127. 

Physiology,  Prof.  Burdon  Sanderson's 
Address  to  tho  department  of  Ana- 
tomj  and,  145. 

Piue-ti  tuber,  Prof.  Mallet  on  the  occur- 
rence in  recent,  of  Fichtelite,  a  hydro- 
carbon hitherto  only  known  in  a'fossil 
state,  79. 

Fin  us  pinu^ter.  Prof.  Dickson  on  the 
cones  of,  127. 

Pleistocene  age,  W.  Boyd  Dawkins  on 
the  physical  geography  of  the  Mediter- 
ranean during  the,  1(X). 

Polar  exploration,  Capt.  Sherard  Osborn 
on,  21L 

Polygamy,  II,  Clarke  on,  as  affecting 
population,  224. 

Pouchet  (M.  G.)  on  the  mechanism  of 
the  change  of  colour  in  fishes  and 
Crustacea,  153. 

Prime  numbers,  J.  W.  L.  Glaisher  on 
the  law  of  distribution  of,  39. 

'Probability  function,  J.  K.  Ililgard  on 
the  verilication  of  the,  21, 

Protoplasmic  and  fungus  life,  Dr.  Crace- 
Calvert  on  the  relative  power  of 
various  substances  in  preventing  pu- 
trefaction and  the  development  of. 
(>9. 

Fsaronim,  Prof.  J.  Hall  on  the  occur- 
rence of  trunks  of,  in  an  erect  position, 
resting  on  their  original  bed,  in  rocks 
of  Devonian  age  in  the  State  of  New 
York,  U):5. 

Pulse-rate,  A.  PI.  Garrod  on  the^  and 
the  forces  which  vary  it,  151. 

Pump,  tilter-,  T.  K.  Thorpe  on  an  im- 
proved form  of,  83. 

Putrefaction,  Dr.  Crace-Calvert  on  the 
relative  power  of  various  substances 
in  preventing,  and  tho  development 
of  protoplasmic  and  fungus  life,  69. 

Quartan  curves,  F.  W.  Newman  on  tri- 
dianietral,  22  ;  on,  with  three  or  four 
diameters,  23  ;  on  monodiametral,  23. 

*Quartz,  Prof.  Croullebois  on  the  action 
of,  on  ultra-violet  rays,  36. 

*Q,uartz-nodule&,    Dr.  Robert   Sim   on 
certain,  occurring  in   the  crystalline 
schists  near  Killin,  Perthshire,  122. 
19 
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*Jladclifle  (Dr.)  on  the  mechanism  of 

muscular  contraction,  152. 
Hallway  amalgamation,  W.  Symons  on 
a  plan  for,  with  government  control; 
251. 

Rainfall  of  Sussex,  F.  E.  Sawyer  on 
the,  58. 

Ramie,  C.  F.  Dennet  on,  a  new  plant, 
with  description  of  its  uses,  &c., 
12(5. 

Rausome  (F.)  on  recent  improvements 
in  the  manufacture  of  artificial  stone, 
and  the  application  of  such  stone  to 
constructive  and  other  purposes,  248. 

Rath  (GK  vom),  the  crystallographic 
system  of  leucite,  hitherto  supposed 
to  be  regular,  is  quadratic,  71) ;  on  a 
remarkable  block  of  lava  ejected  by 
Vesuvius  at  the  great  eruption,  April 
3872,  which  proves  the  formation  of 
silicates  through  sublimation,  120. 

Hays,  inclined,  Prof.  J.  Thomson  on 
atmospheric  refraction  of,  and  on  the 
path  of  a  level  ray,  41. 

* ,  ultra-violet,  Prof.  Croullebois  on 

the  action  of  quartz  on,  36. 

Head  win  (T.  A.)  on  the  coal-  and  iron- 
mines  of  the  Arigna  district  of  the 
Connaught  coal-measures,  122. 

Red  -rocks,  near  Mentone,  M.  Moggridge 
on  the  skeleton  of  the,  190. 

Refraction,  G.  Forbes  on  astronomical, 
36. 

* and  solar  spots,  J.  II.  Brown  on, 

86. 

,  atmospheric,  Prof.  J.  Thomson  on, 

of  inclined  rays,  and  on  the  path  of  a 
level  ray,  41. 

Respiratory  variations  of  arterial  pres- 
sure, Dr.  Burdon  Sanderson  on  the 
cause  of  the,  1 54. 

Rhaetic  bone-bed,  J.  E.  Leo  on  veins  or 
fissures  in  the  Keuper  filled  with,  at 
GoldcliiTe  in  Monmouthshire,  1 16. 

Rhinoceros,  Dr.  Selater  on  a  new,  with 
remarks  on  the  recent  species  of  this 
genus  and  their  distribution,  140. 

Rhizopod,  radiolarian,  W.  Carruthers  on 
Traquairia,  a,  from  the  coal-measures, 
126. 

*Riflingi,  Woolwich  system  of,  estima- 
tion of  the  error  in  the  flight  of  heavy 
projectiles  due  to  the,  by  W.  Hope, 


*  Rivers,  General  Sir  J.  E.  Alexander  on 

the  pollution  of,  220. 
*Roberts  ( W.  Chandler)  on  a  curve  illus- 
trating the  British  gold  coinage,  82. 

*  Robertson  (John)  on  the  perforating 

instruments  of  Pholas  Candida,  140. 


Rocky  Mountains,  Prof.  Nicholson  on  a 
silicih'ed  forest  in  the,  with  an  account 
of  a  supposed  fossil  chip>  192. 

Rollestou  (Prof.)  on  some  skulls  ob- 
tained in  Canon  Greenwell'a  excava- 
tions, 103  ;  on  the  Weddo  of  Ceylon, 
194. 

Rolling  of  a  ship  in  a  seaway,  W.Froude 
on  an  apparatus  for  automatically  re- 
cording the,  243. 

Roots  of  a  given  number  N,  M.  Collins 
on  new  improvements  in  approximat- 
ing more  rapidly  than  usual  to  square, 
cube,  and  other,  L'3. 

Ross  (Dr.  J.)  on  the  graft  theory  of 
disease,  152. 

Roumanian  gipsies,  Dr.  Charnock  on, 
177. 

*Rubbin»s  from  St.  Patrick's  Chair,  co. 
Mayo,  R.  S.  Symes  on,  197. 

St.  David's,  Henry  Hicks  on  the  Cam- 
brian and  Silurian  rocks  of  Ramsey 
Island,  107. 
-,  J.  Hopkinson  on  the  graptolites  of 


the  Arenig  rocks  of,  107. 

*Sacchurometer,  Prof.  Zenger  on  the 
tangential  balance  and  a  new,  (ft. 

Salmon-pass  or  swimming-stair,  Richard 
Cftil  on  a  lock,  L'i5. 

*Salts,  1  )r.  Ord  on  the  crystallization  of, 
in  colloid  solutions,  79. 

,  neutral,  W.  Lant  Carpenter  on  the 

presence  of  albumen  in,  and  on  a  new 
process  for  the  manufacture  of  stearic 
and  palmitic  acids,  71. 

of  uranium,  Colonel  Stuart  Wortley 

on  the  importance  of  the,  in  photo- 
graphy, 45. 

Sanderson  (Prof.  Burdon),  Address  to  the 
Department  of  Anatomy  and  Physio- 
logy, 145  ;  on  the  cause  of  the  respi- 
ratory variations  of  arterial  pressure, 
154. 

Sawyer  (F.  E.)  on  the  rainfall  of  Sussex, 
58. 

Schafer  (E.  A.)  experiments  relating  to 
the  coagulation  of  the  blood,  155. 

Schenk  (R.)  on  the  amount  of  heat  re- 
quired to  raise  elementary  bodies  from 
absolute  zero  to  their  state  of  fusion, 
82. 

School-Board  pupils,  C,  G.  Bunting  on 
the  importance  of  providing  additional 
facilities  for  the  instruction  of,  in  the 
higher  branches  of  knowledge,  222. 

Schools,  elementary,  of  Manchester, 
Lydia  E.  Becker  on  statistics  regard- 
ing the  attendance  and  education  of 
girls  in  the,  220. 
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Schuster  (Arthur)  on  the  spectrum  of 

hydrogen,  38. 

Science,  advancement  of,  Thomas  Web- 
ster on  the.  due  to  patented  inventions, 
251. 

Selater  (Dr.  P.  L.)  on  a  new  rhinoceros, 
with  remarks  on  the  recent  species  of 
this  genus  and  their  distribution,  140 ; 
notice  of  an  apparently  new  marine 
animal  from  the  Northern  Pacific,  140. 
'Scott  (Major-General  H,  Y.  1).)  on 
defecating  sewage,  and  utilizing-  the 
deposit  for  the  preparation  of  lime 
and  cement,  2-X)  ;  on  the  agricultural 
value  of  the  lime  compounds  obtained 
by  defecating  sewage,  2/>0 ;  on  the  se- 
lenitic mot  hod  of  making  mortar,  250. 
Seas,  inland,  Dr.  Carpenter  on  the  tem- 
perature and  other  physical  conditions 
of,  in  their  relation  to  geological  in- 
quiry, DO. 

*Sedimentary  rocks,  Dr.  Ogier  Ward  on 
the  formation  and  stratification  of, 
123. 

*Seeley  (II.  G.)  on  the  occurrence  of  a 
British    fossil    Zettg/odon   at    Barton, 
Hants,  122. 
•Semper  (Prof.  Carl)  on  the  normal  and 

abnormal  growth  of  Limnaws,  loG. 
Serpent- worship,   C.  8.  Wake   on   the 

origin  of,  1(J8. 

Settle-Cave-exploration  committee,  re- 
port on  the  Victoria  Cave,  by  W. 
Bovd  Dawkins  and  11.  II.  Tiddeman, 
178. 

*Sewage,  W.  J.  Cooper  on  a  proposed 
method  of  preventing  the  fermenta- 
tion of,  73. 

* difficulty,  T.  Curley  on  the,  242. 

* ,   Maj.-Gen.   II.   Y.   D.  Scott   on 

defecating,  and  utilizing  the  deposit 
for  the  preparation  of  lime  and  ce- 
ment, 250;  on  the  agricultural  value 
of  the  lime  compounds  obtained  by 
defecating1,  2*50. 

,  \V.  Paul  on  the  relative  value  of 

clarified  and  unclarified,  as  manure, 
247. 

Shaw  CR.  B.)  on  the  religious  cairns  of 
the  Himalayan  region,  194;  on  the 
physical  features  of  the  Pamir  and 
its  Arvan  inhabitants,  213. 
Ship,  rolling  of  a,  in  a  seaway,  W.  Froude 
on  an  apparatus  for  automatically  re- 
cording the,  243. 

Shirreff  (Mips)  on  the  national  union  for 
improving  the  education  of  women, 
220. 

•Shoreham,  J.  P.  Colbron  on  the  drain- 
age of,  242. 


Silicates,  G.  vom  Rath  on  a  remarkable 
block  of  lava  ejected  by  Vesuvius  at 
the  great  eruption  of  April  1872, 
which  proves  the  formation  of,  through 
sublimation,  120. 

Silicitied  forest,  Prof.  Nicholson  on  a,  in 
the  Rocky  Mountains,  with  an  account 
of  a  supposed  fossil  chip,  192. 

Silurian  rocks,  Prof.  J.  Hall  on  the  re- 
lations of  the  Middle  and  Upper,  of 
the  United  States,  103. 

--  ,  H.  Hicks  on  the  Cambrian 
and,of  Ramsev  Lslaud,  St.  David's,  107. 

Silver,  Dr.  J.  ll.  Gladstone  on  filiform 
native,  75. 

-  ,  A.  Tribe  on  the  precipitation  of, 
by  copper,  84. 

*Sim  (Dr.  Robert)   on   certain  quartz- 

nodules  occurring  in   the  crvstalline 

schists,  near  Killin,  IVithshife,  122. 
"  Sim,"  Dr.  Charuock  ou  the  gipsy  dia- 

lect called,  177. 
Skeleton  of  the  red  rocks,  near  Meutone, 

M.  Moggridge  on  the,  190. 
Skulls  obtained  in  Canon  Greenwell's 

excavations,  Prof.  Roltestou  on,  103. 
*Slickensides,  Dr.  Ogier  Ward   on,  or 

rubbed,   polished,   or   ttriaUd   rocks, 

123. 

*  Smith  (Dr.)  on  the  economic  and  nu- 

tritive value  of  the    three   principal 
eserved  milk, 
's  extract 

of  meat,  227. 
*Smith  (Prof.  II.  J.  S.)  on  the  circular 

transformation  of  Mobius,  "24. 
Smyth   (J.,  jtin.)  on  nn  apparatus  for 

testing  the  water-stopping  efficiency 

of  clay   soils   and   other    substances 

under  various  pressures,  2oO. 
*Solar  spots,  J.  H.  Brown  on  refraction 

and,  30. 
--  temperature,  J.  Dewar  on  recent 

estimates  of,  T)0. 
Soundings,  deep-sea,  Sir  W.  Thomson 

on  the  use  of  steel  wire  for,  251. 
Spalding  (D.  A.),  instinct  —  with    ori- 

ginal observations  on  young  animals, 

141. 
Spectrum  of  hydrogen,  A.  Schuster  on 

the,  38. 
*Spheroidal  state  of  liquids,  W.  F.  Bar- 

rett on  a  condition  affecting  the,  and 

its  probable  effect  on  certain  boiler- 

explosions,  48. 

Spiral  top,  Prof.  Zenger  on  the,  62. 
Square,  cube,  and  other  roots  of  a  given 

number  N,  3NI.  Collins  on  new  improve- 

ments in  approximating  more  rapidly 

than  usual  to.  13. 


preserved  foods,  >i/.  pres 
preserved  meat,  and  Lie-bi 
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Stanley  (II.  M.),  discoveries  at  the  north- 
ern end  of  Lake  Tanganyika,  213. 

Stearie  and  palmitic  acids,  W.  Lant 
Carpenter  on  a  new  process  for  the 
manufacture  of,  71. 

Stiff  ma  ria>9  Prof.  Dickson  on,  from  the 
fossiliferous  strata  of  Auchentorlie, 
127. 

Strachey  (General  H.)  on  the  scope  of 
scientific  geography,  illustrated  by  re- 
marks on  the  climate  of  India,  214. 

Strange  (Lieut-Colonel)  on  the  duty  of 
the  British  Association  with  respect 
to  the  distribution  of  its  funds,  03. 

Stresses  produced  in  an  elastic  solid  by 
inequalities  of  temperature,  Dr.  J. 
llopkinson  on  the,  51. 

Struthers  (Prof.)  on  the  occurrence  of 
the  supracondyloid  process  in  man, 
15H;  on  the  sternum  and  pelvic  bone 
in  the  right  whale  and  in  great 
fin-whales,  15(>;  on  the  occurrence 
of  finger-muscles  in  the  bottle-no^e 
whale,  1-50. 

Strutt  (the  lion.  J.  W.)  on  the  applica- 
tion of  photography  to  copy  diiirac- 
tion-gratings,  39. 

Submarine  explorations,  J.  G.  JP [Treys 
on,  with  reference  to  M.  Delosse's 
work  entitled  "  Lithologio  du  fond  des 
Mers,"115. 

Sub-Wealden  exploration,  W.  Topley 
on  the,  122. 

Suffolk,  the  lttiv.  J.  Gunn  on  the  pro- 
spect of  finding  productive  coal-mea- 
sures in  Norfolk  and,  102. 

Sulphuric,  acid,  native,  Prof.  Mallet  on 
the  occurrence  of,  in  Eastern  Texas, 
78. 

Sunlight,  T.  Gaflield  on  the  action  of, 
on  colourless  and  coloured  glass,  37. 

Supracondyloid  process,  Prof.  Strutliers 
on  the  occurrence  of  the,  in  man, 
150. 

*Surfaces  of  the  second  order,  Prof. 
Clifford  on  the  contact  of,  with  other 
surfaces,  13. 

Sussex,  Dr.  (Jharnock  on  certain  geo- 
graphical names  in  the  county  of,  177. 

river-names,  Dr.  (Jharnock  on,  17(3. 

,  F.  E,  Sawyer  on  the  rainfall  of,  58. 

,  summary  analysis  of  the  flora  of, 

by  W.  13.  Itemsley,  128. 

*Symes  (R.  S.)  on  rubbings  from  St. 
Patrick's  Chair,  co.  Mayo,  197, 

Symons  (W.)  on  a  plan  for  railway 
amalgamation  with  government  con- 
trol, 251. 

'Sympathy  of  pendulums,  Prof.  Tait  on, 
24, 


*Tait  (Prof.  P.  G.)  on  sympathy  of  pen- 
dulums, 24 ;  on  double  neutral  points 
in  thermoelectric  currents,  52. 

*Tangentiai  balance,  Prof.  Zenger  on 
the,  and  a  new  saccharorneter,  53. 

Tay,  Lochs  Katrine,  Lomond,  and,  A. 
IJuehan  on  the  deep-water  tempera- 
ture of,  207. 

Telescopes,  astronomical,  II.  Grubb  on 
some  new  points  in  the  mounting  of, 
30. 

*Telford  (Macneil),  description  of  the 
new  Marriotti  barometer,  (>2. 

Temperature-correction  of  an  aneroid, 
Prof.  Phillips  on  the,  01. 

Temperature,  deep-water,  of  Lochs  Lo- 
mond, Katrine,  and  Tay,  A.  Buchan 
on  the,  207. 

,  Dr.  J.  llopkinson  on  the  stresses 

produced  in  an  elastic   solid  by  the 
inequalities  of,  51. 

j  of  the  electric  spark,  J.  Dewar  on 

j       the,  51. 

,  solar,  .1.  Dewar  on  recent  estimates 

^  of,  50. 

Temperatures  de  la  surface  desoaux  ma- 
riiiod  on  fluvinles,  noiiveau  tkerino- 
metre  destine  a  prendre  les,pur  le  Dr. 
Janssen,  59. 

TentaenUte*,  Prof.  II.  A.  Nicholson  on 
Ortonia,  a  now  genus  of  fossil  tubi- 
colar  aunelides,  with  notes  on  the 
genus,  118. 

Texas,  Eastern,  Prof.  Mallet  on  the  oc- 
currence of  native  sulphuric  acid  in, 78. 

Thermoelectric  current,  Prof.  Tait  on 
double  neutral  points  in,  52. 

Thennometre,  nouveau, destine  a  prendre 
les  temperatures  de  la  surface  des  eaux 
marines  ou  iluviales,  par  le  Dr.  Jans- 
sen,  59. 

Thisel ton- Dyer  (Prof.)  on  Phylloxera 
vastatrix,  1 27. 

Thomson  (Prof.  J.)  on  relations  between 
the  gaseous,  the  liquid,  and  the  solid 
states  of  matter,  24 ;  on  atmospheric 
refraction  of  inclined  rays,  and  on  the 
path  of  a  level  ray,  '1 1 . " 

Thomson  (Sir  W.)  on  the  use  of  steel 
wire  for  deep-sea  soundings,  251  ;  on 
the  identification  of  lights  at  sen,  251. 

Thorpe  (T.  E.)  on  an  improved  form  of 
filter-pump,  83. 

Thunder  Bay,  Prof.  II.  A.  Nicholson  on 
the  geology  of  the,  and  Shabendownn 
mining-districts  on  the  north  shore 
of  Lake  Superior,  1 18. 

Thunder-storms,  W.  de  Fonvielle  on  the 
advantages  of  keeping  records  of  phy- 
sical phenomena  connected  with,  55. 
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Tiddeman  (It.  H.)  on  the  physical  his- 
tory of  the  deposits  in  the  Victoria 
cave,  179. 

Topley  (W.)  on  the  sub-Wealden  ex- 
ploration, 122;  on  the  relation  of  the 
parish  boundaries  in  the  south-oast  of 
England  to  great  physical  features,  par- 
ticularly to  the  chalk  escarpment,  11)7. 

Twtula  wclinata,  Prof.  Lawsou  on  some 
specimens  of,  129, 

Trachyte  porphyries,  Prof.  K.  Hull  on 
the,  of  Antrim  and  Down,  111. 

Traquairia,  W.  Carruthors  on,  a  radiola- 
rian  rhizopod  from  the  coal-measures, 
120. 

Triangles,  W.  M.  Adams  on  the  men- 
surator,  a  new  instrument  for  the 
solution  of,  51). 

Trilxj  (A.)  on  the  precipitation  of  silver 
by  copper,  84. 

and  Dr.  .1.  H.  Gladstone  on  the 

mutual  helpfulness  of  chemical  afH- 
nity,  heat,  and  electricity  i»  producing 
the  decomposition  of  water,  7>\ 

Tridiainetral  (junrtan  curves,  F.  W.  New- 
man on,  22. 

Trinwrvlfa,  T.  Da\id-on  and  Prof.  W. 
King  on  tlie  genera  J)iiwbultmt  3f<»io- 
nicrelltif  and,  IOC). 

Tristram  (the  Ue\,  Canon)  on  the  geo- 
logy of  Moab,  12:*. 

Tumuli,  0.  Spence  Rite  oil  nn  explora- 
tion of  some,  on  Dartmoor,  175. 

,  C.  T.  Croger  on,  at  Ascheraden  in 

Livonia,  178. 

United  States,  Prof.  J.  Hall  on  the  re- 
lations of  the  Middle  and  Upper 
Silurian  rocks  of  the,  103. 

*Unwin  (G.)  on  specimens  of  agate  and 
other  natural  colloid  silica,  85. 

•Upward  (A.)  on  drilling-apparatus  for 
gas-  and  water-mains,  252. 

Uranium,  salts  of,  Col.  Stuart  Wortley 
un  the  importance  of  the,  in  photo- 
graphy, 45. 

Vesuvius,  G.  Gladstone  on  the  dust 
thrown  up  by,  during  the  lato  erup- 
tion, 74. 

f  O.  vom  Rath  on  a  remarkable 

block  of  lava  ejected  by,  at  the  great 
eruption  April  1872,  which  proves  the 
formation  of  silicates  through  subli- 
mation, 120. 

Victoria  cave,  report  on  the,  explored 
by  the  Settle-Cave-Exploration  Com- 
mittee, by  W.  Hoyd  Dawkins  and 
II.  II.  Tiddoman,  178. 

•Villages  and  country  parishes,  Prot. 


Hull  on  a  proposal  for  supplying  nure 
water  to,  in  central  and  eastern  divi- 
sions of  England,  22(>. 
Vvrticellitl&i    Prof.   Allman    on    some 
points  in  the  development  of,  l.'iO. 

Wake  (C.  8.)  on  the  origin  of  serpent- 
worship,  198. 

Walker  (J.  F.)  on  dimtrobrombenzene, 
85. 

Wauklvn  (J.  A.)  on  the  continuous  pro- 
duction of  oxygen,  85 ;  on  some  new 
methods  of  analyzing  the  ethers,  85. 

Ward  (Dr.  T.  Ogier)  on  a  phenomenon 
connected  with  diffraction,  45. 

*- on  the  formation  and  stratification 

of  sedimentary  rocks,  128;  on  slicken- 
sides,  or  rubbed,  polished,  or  striated 
rocks,  1213. 

AVatrr,  d«ep-«ea,  W.  Lant  Carponter  on 
the  mode  of  collection  of  sumples  of, 
and  of  their  analysis  for  dis<ol\ed 
gaseous  constituents,  employed  on 
board  I1.M.S.  *  Porcupine'  during  the 
suiniiifis  of  I8()t)  and  1870,  72. 

- — ,  Dr.  J.  II.  Gladstone  and  A.  Tribe 
on  the  mutual  helpfulness  of  chemical 
nllinity,  heat,  an*l  clectricitv  in  pro- 
ducing the  decomposition  of,  75. 

1  A.  MeCallum  (iordon  on  the  dis- 

trilmtion  of  pure,  to  dwellings,  2-M. 

•  _ — 9  Prof.  Mull  on  a  proposal  for  sup- 
plying pure,  to  villages  and  country 
parishes  in  central  and  eastern  divi- 
sions of  Kiigland,  22(>. 

,  (\  J.  Woodward  on  a  modification 

of  llofmann's  apparatus  for  the  elec- 
trolysis of,  87. 

AVaves,  (-.  \V.  Merri field  on  the  mea- 
suivmciit  of,  247. 

Wealden  formation,  R.  A.  0.  Godwin- 
Austen  on  the,  01. 

Weapons,  primitive,  of  ancient  India,  Sir 
Walter  Elliot  on  the,  180. 

Webster  (Thonia^)  on  the  advancement 
of  science  due  to  patented  inventions, 
2o2. 

Weddo  of  Ceylon,  Prof.  Rolleston  on 
the, '104. 

Weldoii  (W.)  on  the  manufacture  of 
chlorine  by  means  of  manganite  of 
magnesium,  80. 

Western,  extra-,  communities,  J.  Kainea 
on  western  anthropologists  and,  189. 

"Whale,  bottle-nose,  Prof.  Struthers  on 
the  occurrence  of  linger-nmscles  in 
the,  150. 

Whales,  great  fin-,  Prof.  Struthers  on 
the  sternum  and  pelvic  bone  in  the 
right  whale,  and  in,  15G, 
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Whiteaves  (J.  F.),  notes  on  a  deep-sea 
dredging-expedition  round  the  island 
of  Anticosti,  in  the  Gulf  of  St.  Law- 
rence, 143. 

Williams  (John)  on  the  preparation  of 
guaranine,  80. 

Winter  (G.  K.)  on  ihe  use  of  electro- 
magnetic instead  of  electrostatic  in- 
duction in  cable-signalling,  52. 

Wire  tramways,  C.  Hodgson  on,  240. 

Wishnioor  Bottom,  Sandhurst,  Lieut. 
Cooper  King  on  the  discovery  of  a 
flint-implement  station  at,  UK). 

Women,  Miss  ShirretF  on  the  national 
union  for  improving  the  education  of, 
220. 

Wood  (Dr.  T.)  on  teaching  elementary 
chemistry  to  boys  under  14  years  of 
age,  87. 

Woodward  (C.  J.)  on  a  modification  of 
Hofm aim's  apparatus  for  electrolysis 
of  water,  87. 

Wortley  (Colonel  Stuart)  on  the  import- 
ance of  the  salts  of  uranium  in  pho- 
tography, 45. 

Wright  (Dr.  C.  K.  A.)  on  new  deriva- 


tives  from    morphine   and  codeine. 
87. 

Wylie  (A.)  on  the  progress  of  invention 
in  breech-loading  small  arms  during 
the  past  twenty  years,  252. 

Yachts,  Oapt.  M.  ITall  on  the  employ- 
ment of,  in  deep-sea  researches,  i;JO. 

*  Yeddo,  A.  Mossrnan  on  the  topography 
of,  211. 

Yorkshire  wolds,  the  Rev.  W.  Green- 
well  on  the  harrows  of  the,  187. 

Young  (Sir  G.,  Hart.)  on  the  question 
"  Is  the  Asiatic  emigration  to  the 
West  Indies  likely  to  be  a  permanent 
fact  in  modern  geography  F  '  216. 

Zeuger  (Prof.  Ch.  V.)  on  the  velocity  of 
light  in  the  chemical  elements,  and 
on  their  crystalline  form,  40;  on  the 
spiral  top,  02. 

* on  the  tangential  balance  and  a 

new  saccharonieter,  0.'}. 

* /smjlodon,  British  fossil,  II.  G.  Seeley 
on  the  occurrence  of  a,  at  Barton, 
Hants,  122. 
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CONTENTS  :— Rev.  W.  Whewell,  on  the  Recent  Progress  and  Present  Condition  of  the 
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nomena of  Terrestrial  Magnetism. 

Together  with  the  Transactions  of  the  Sections,  Prof.  Sir  W.  Hamilton's  Address,  and  Re- 
commendations of  the  Association  and  its  Committees. 

PROCEEDINGS  OF  THE  SIXTH  MEETING,  at  Bristol,  1836,  Pub- 
lished at  1 2$. 

CONTENTS: — Prof.  Daubeny,  on  the  Present  State  of  onr  Knowledge  with  respect  to  Mine- 
ral and  Thermal  Waters; — Major  E.  Sabine,  on  the  Direction  und  Intensity  of  the  Terrestrial 
Magnetic  Force  in  Scotland; — J.  Richardson,  on  North  American  Zoology; — Rev.  J.  Challis, 
on  the  Mathematical  Theory  ol  Fluids; — J.  T.  Mack  ay,  a  Comparative  View  of  the  more 
remarkable  Plants  which  characterize  the  neighboinhood  of  Dublin  and  Edinburgh,  and  the 
South-west  of  Scotland,  &c. ; — J.  T.  Mackay,  Comparative  Geographical  Notices  of  the 
more  remarkable  Plants  which  characterize  Scotland  and  Ireland  ; — Report  of  the  London  Sub- 
Committee  of  the  Medical  Section  on  the  Motions  and  Sounds  of  the  Heart; — Second  Report 
of  the  Dublin  Sub-Committee  on  the  Motions  and  Sounds  of  the  Heart; — Repot  t  of  the  Dublin 
Committee  on  the  Pathology  of  the  Brain  and  Nervous  System; — J.  W.  Lubbock,  Account 
of  the  Recent  Discussions  of  Observations  of  the  Tides; — Rev.  B.  Powell,  on  determining;  the 
Refractive  Indices  for  the  Standard  Hays  of  the  Solar  Spectrum  in  various  media; — Dr.  llodgkin, 
on  the  Communication  between  the  Arteries  and  Absorbents; — Prof.  Phillips,  Report  of  Experi- 
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ferent points  of  the  Earth's  Surface; — Rev.  W.  Taylor,  on  the  various  modes  of  Printing  for 
the  Use  of  the  Blind; — J.  W.  Lubbock,  on  the  Discussions  of  Observations  of  the  Tides; — 
Prof.  T.  Thomson,  on  the  Difference  between  the  Composition  of  Cast  Iron  produced  by  the 
Cold  and  Hot  Blast; — Rev.  T.  R.  Robinson,  on  the  Determination  ol  the  Constant  of  Nutation 
by  the  Greenwich  Observations; — R.  W.  Fox,  Experiments  on  the  Electricity  of  Metallic 
Veins,  and  the  Temperature  of  Mines; — Provisional  Report  of  the  Committee  of  the  Medical 
Section  of  the  British  Association,  appointed  to  investigate  the  Composition  of  Secretions,  and 
the  Organs  producing  them ; — Dr.  G.  O.  Rees,  Report  from  the  Committee  for  inquiring  into 
the  Analysis  of  the  Glands,  &c.  of  the  Human  Body  ; — Second  Report  of  the  London  Sub-Com- 
mittee of  the  British  Association  Medical  Section,  on  the  Motions  and  Sounds  of  the  Heart;-— 
Prof.  Johnston,  on  the  Present  State  of  our  Knowledge  in  regard  to  Dimorphous  Bodies; — 
Lt.-Col.  Sykes,  on  the  Statistics  of  the  Four  Collectorates  of  Dukhun,  under  the  British  Go- 
vernment;— E.Hodgkinson,  on  the  relative  Strength  and  other  Mechanic.il  Properties  of  Iron 
obtained  from  the  Hot  and  Cold  Blast ;— W.  Fairbairn,  on  the  Strength  and  other  Properties 
of  Iron  obtained  from  the  Hot  and  Cold  Blast; — Sir  J.  Robison  and  J.  S.  Russell,  Report  of 
the  Committee  on  Waves ;— -  Note  by  Major  Sabine,  being  an  Appendix  to  his  Report  on  the 
Variations  of  the  Magnetic  Intensity  observed  at  different  Points  of  the  Earth's  Surface; — 
J.  Yates,  on  the  Growth  of  Plants  under  Glass,  and  without  any  free  communication  with  the 
outward  Air,  on  the  Plan  of  Mr.  N.  J.  Ward,  of  London. 

Together  with  the  Transactions  of  the  Sections,  Prof.  Traill's  Address,  and  Recommenda- 
tions of  the  Association  and  its  Committees. 

PROCEEDINGS  OF  THE  EIGHTH  MEETING,  at  Newcastle,  1838, 
Published  at  1 5s. 

CONTENTS:— Rev.  W.  Whewell,  Account  of  a  Level  Line,  measured  from  the  Bristol  Chan- 
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nel  to  the  English  Channel,  by  Mr.  Bunt; — Report  on  the  Discussions  of  Tide?,  prepared 
under  the  direction  of  the  Rev.  \V.  Whewell; — VV.  S.  Harris,  Account  of  the  1'iogress  and 
State  of  the  Meteorological  Observations  at  Plymouth; — Major  E.  Sabine,  on  the  Magnetic 
Isoclinal  and  Isodynamic  Lines  in  the  British  Islands; — D.  Lardner,  LL.D.,on  the  Determi- 
nation of  the  Mean  Numerical  Values  of  Railway  Constants; — R.  Mallet,  First  Report  upon 
Experiments  upon  the  Action  of  Sea  and  River  Water  upon  Cast  and  Wrought  Iron  ; — R. 
Mallet,  on  the  Action  of  a  Heat  of  2J2°  Fahr.,  when  long  continued,  on  Inorganic  and  Organic 
Substances. 

Together  with  the  Transactions  of  the  Sections,  Mr.  Murchison's  Address,  and  Recommen- 
dations of  the  Association  and  its  Committees. 

PROCEEDINGS  OF  THE  NINTH  MEETING,  at  Birmingham,  18S9, 
Published  at  1 3*.  6d.  (Out  of  Print.) 

CONTKNTS: — Rev.  B.  Powell,  Report  on  the  Present  Slate  of  our  Knowledge  ot  Refractive 
Indices,  for  the  Standard  Rays  of  the  Solar  Spectrum  in  different  media  ; — Keport  on  the  Ap- 
plication of  the  Sum  assigned  for  Tide  Calculations  to  Rev.  VV.  \\  hew  ell,  in  a  Letter  from  T.  G. 
Bunt,  Esq.; — II.  L.  Pattinson,  on  some  Galvanic  Experiments  to  determine  the  Existence  or 
Non- Existence  of  Electrical  Currents  among  Stratified  Rocks,  particularly  those  of  the  Moun- 
tain Limestone  formation,  constituting  the  Lead  Measures  of  Alton  Moor; — Sir  I).  Brewster, 
Reports  respecting  the  two  series  of  Hourly  Meteorological  Observations  kept  in  Scotland  ; — 
Report  on  the  subject  of  a  series  of  Resolutions  adopted  by  the  British  Association  at  their 
Meeting  in  August  1838,  at  Newcastle; — R.Owen,  Report  on  British  Fossil  Reptiles; — E. 
Forbes,  Report  on  the  Distribution  of  Pulmoniferous  Molliibca  in  the  British  Isles; — \\ .  S. 
Harris,  Third  Report  on  the  Piogress  of  the  Houily  Meteorological  Register  at  Plymouth 
Dockyard. 

Together  with  the  Transactions  of  the  Sections,  Rev.  W.  Vernon  Harcourt's  Address,  and 
Recommendations  of  the  Association  and  its  Committees. 

PROCEEDINGS  OF  THE  TENTH  MEETING,  at  Glasgow,  1840, 
Published  at  15s.  (Out  of  Print.) 

CONTENTS  : — Rev.  B.  Powell,  Report  on  the  recent  Progiess  of  discovery  relative  to  Radiant 
Heat,  supplementary  to  a  former  Repot t  on  the  same  subject  insetted  in  the  Mist  volume  of  the 
Reports  of  the  Biitish  Association  tor  the  Advancement  of  Science, — J.  D.  Forbes,  Supple- 
mentary Report  on  Meteorology; — \\  .  S.  Harris,  Keport  on  Piof.  'VY  hew  ell's  Anemometer, 
now  in  operation  at  Plymouth  ; — Ilepoit  on  "  '1  be  Motion  and  Sounds  of  the  Heart,"  by  the 
London  Committee  of  the  British  Association,  for  1839-40  ;—  Prof.  Scbonbein,  an  Account  of 
Researches  in  Electro-Chemistry; — 11.  Mallet,  Second  Keport  upon  the  Action  of  Air  and 
Water,  whether  fresh  or  salt,  clear  or  foul,  and  at  various  temperatures,  upon  Cast  Iron, 
Wrought  Iron  and  Sttel  ; — R.  \\.  Fox,  Report  on  some  Observations  on  Subterranean  Tem- 
perature ; — A.  F.  Osier,  Repot  t  on  the  Observations  recorded  during  the  years  1837, 1838, 1839, 
and  1840,  by  the  Self-registering  Anemometer  erected  at  the  Philosophical  Institution,  Bir- 
mingbam  ; — Sir  D.  Brewster,  Report  respecting  the  two  Scries  of  Hourly  Meteorological  Ob- 
servations kept  at  Inverness  and  Kingussie,  Irom  Nov.  1st,  1838  to  Nov.  1st,  1839; — W. 
Thompson,  Report  on  the  Fauna  of  Ireland  :  Div.  J'crttbruta  ; — C.  J.  B.  "YVilliams,  M.D., 
Keport  of  Experiments  on  the  Physiology  of  the  Lungs  and  Air-Tubes  ; — Rev.  J.  S.  Henslow, 
Report  of  the  Committee  on  the  Prcsenation  of  Animal  and  Vegetable  Substances. 

Together  with  the  Transactions  of  the  Sections,  Mr.  Murchison  and  Major  E.  Sabine'a 
Address,  and  Recommendations  of  the  Association  ami  its  Committees. 

PROCEEDINGS  OF  THE  ELEVENTH  MEETING,  at  Plymouth, 
1 84 1 ,  Published  at  1 35.  6d. 

CONTENTS: — Rev.  P.  Kelland,  on  the  Present  state  of  our  Theoretical  and  Experimental 
Knowledge  of  the  Laws  of  Conduction  of  Heat ; — G.  L.  Koupell,  M.D.,  Keport  on  Poisons; — . 
T.  (5.  Bunt,  Keport  on  Discussions  ot  Bristol  Tides,  under  the  direction  of  the  Rev.  W.  Whewell; 
— 1).  Ross,  Keport  on  the  Discussions  of  Leith  Tide  Observations,  under  the  direction  of  the 
Kev.  W.  Whewell ; — W.  S.  Harris,  upon  the  wot  king  of  YVhewell's  Anemometer  at  Plymouth 
during  the  past  year; — Keport  of  a  Committee  appointed  for  the  purpose  of  superintend* 
ing  the  scientific  cooperation  of  the  British  Association  in  the  System  of  Simultaneous  Obser- 
vations in  Terrestrial  Magnetism  and  Meteorology  ; — Reports  of  Committees  appointed  to  pro- 
vide Meteorological  Instruments  for  the  use  of  M  Aga&siz  and  Mr.  M'Cord  ; — Report  of  a  Com- 
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mil  tee  to  superintend  the  reduction  of  Meteorological  Observations; — Report  of  a  Com- 
mittee for  revising  the  Nomenclature  of  the  Stars ; — Report  of  a  Committee  for  obtaining  In- 
struments and  Registers  to  record  Shocks  and  Earthquakes  in  Scotland  and  Ireland ; — Report  of 
a  Committee  on  the  Preservation  of  Vegetative  Powers  in  Seeds  ; — Dr.  Hodgkin,  on  Inquiries 
into  the  Races  of  Man  ; — Report  of  the  Committee  appointed  to  report  how  far  the  Desiderata 
in  our  knowledge  of  the  Condition  of  the  Upper  Strata  of  the  Atmosphere  may  be  supplied  by 
means  of  Ascents  in  Balloons  or  otherwise,  to  ascertain  the  probable  expense  of  such  Experi- 
ments, and  to  draw  up  Directions  for  Observers  in  such  circumstances  ; — R.  Owen,  Report 
on  British  Fossil  Reptiles; — Reports  on  the  Determination  of  the  Mean  Value  of  Railway 
Constants  ;— D,  Lardner,  LL.D,,  Second  and  concluding  Report  on  the  Determination  of  the 
Mean  Value  of  Railway  Constants; — E.  Woods,  Report  on  Railway  Constants  ; — Report  of  a 
Committee  on  the  Construction  of  a  Constant  Indicator  for  Steam-Engines. 

Together  with  the  Transactions  of  the  Sections,  Prof.  Whewell's  Address,  and  Recommen- 
dations of  the  Association  and  its  Committees. 

PROCEEDINGS   OF  THE  TWELFTH    MEETING,  at   Manchester, 

1842,  Published  at  10*.  6d. 

CONTENTS  : — Report  of  the  Committee  appointed  to  conduct  the  cooperation  of  the  British 
Association  in  the  System  of  Simultaneous  Magnetical  and  Meteorological  Observations  ;— - 
J.  Richardson,  M.D.,  Report  on  the  present  State  of  the  Ichthyology  of  New  Zealand  ; — 
W.  S.  Harris,  Report  on  the  Progress  of  Meteorological  Observations  at  Plymouth  ; — Second 
Report  of  a  Committee  appointed  to  make  Experiments  on  the  Growth  and  Vitality  of  Seeds; 
— C.  Vignoles,  Report  of  the  Committee  on  Railway  Sections  ; — Report  of  the  Committee 
for  the  Preservation  of  Animal  and  Vegetable  Substances; — Lyon  Play  fair,  M.D.,  Abstract 
of  Prof.  Liebig's  Report  on  Organic  Chemistry  applied  to  Physiology  and  Pathology  j — 
R.  Owen,  Report  on  the  British  Fossil  Mammalia,  Part  I.; — It.  Hunt,  Researches  on  the 
Influence  of  Light  on  the  Germination  of  Seeds  and  the  Growth  of  Plants; — L.  Agassi/,  Report 
on  the  Fossil  Fishes  of  the  Devonian  System  or  Old  Red  Sandstone  ; — W.  Fairbairn,  Ap- 
pendix to  a  Report  on  the  Strength  and  other  Properties  of  Cast  Iron  obtained  from  the  Hot 
and  Cold  Blast ; — D.  Milne,  Report  of  the  Committee  for  Registering  Shocks  of  Earthquakes 
in  Great  Britain; — Report  of  a  Committee  on  the  construction  of  a  Constant  Indicator  for 
Steam-Engines,  and  for  the  determination  of  the  Velocity  of  the  PLston  of  the  Self-acting  En- 
gine at  different  periods  of  the  Stroke  ; — J.  S.  Russell,  Report  of  a  Committee  on  the  Form  of 
Ships  ;— Report  of  a  Committee  appointed  "to  consider  of  the  Rules  by  which  the  Nomencla- 
ture of  Zoology  may  be  established  on  a  uniform  and  permanent  basis;"— Report  of  a  Com- 
mittee on  the  Vital  Statistics  of  large  Towns  in  Scotland; — Provisional  Reports,  and  Notices 
of  Progress  in  special  Researches  entrusted  to  Committees  and  Individuals. 

Together  with  the  Transactions  of  the  Sections,  Lord  Francis  Egerton's  Address,  and  Re- 
commendations of  the  Association  and  its  Committees. 

PROCEEDINGS  OP    THE    THIRTEENTH    MEETING,    at    Cork, 

1843,  Published  at  12s. 

CONTENTS: — Robert  Mallet,  Third  Report  upon  the  Action  of  Air  and  Water,  whether 
fresh  or  salt,  clear  or  foul,  and  at  Various  Temperatures,  upon  Cast  Iron,  Wrought  Iron,  and 
Steel; — Report  of  the  Committee  appointed  to  conduct  the  cooperation  of  the  British  As- 
sociation in  the  System  of  Simultaneous  Magnetical  and  Meteorological  Observations  ; — Sir 
J.  F.  W.  Henchel,  Bart.,  Report  of  the  Committee  appointed  for  the  Reduction  of  Meteoro- 
logical Observations; — Report  of  the  Committee  appointed  for  Experiments  on  Steam- 
Engines; — Report  of  the  Committee  appointed  to  continue  their  Experiments  on  the  Vitality 
of  Seeds ; — J.  S.  Russell,  Report  of  a  Series  of  Observations  on  the  Tides  of  the  Frith  of 
Forth  and  the  East  Coast  of  Scotland  ; — J.  S.  Russell,  Notice  of  a  Report  of  the  Committee 
on  the  Form  of  Ships; — J.  Blake,  Report  on  the  Physiological  Action  of  Medicines; — Report 
of  the  Committee  on  Zoological  Nomenclature ; — Report  of  the  Committee  for  Registering 
the  Shocks  of  Earthquakes,  and  making  such  Meteorological  Observations  as  may  appear  to 
them  desirable  ; — Report  of  the  Committee  for  conducting  Experiments  with  Captive  Balloons; 
— Prof.  Wheatstone,  Appendix  to  the  Report; — Report  of  the  Committee  for  the  Translation 
and  Publication  of  Foreign  Scientific  Memoirs; — C.  W.  Peach,  on  the  Habits  of  the  Marine 
Testacea ; — E.  Forbes,  Report  on  the  Mollusca  and  Radiata  of  the  ^Egean  Sea,  and  on  their 
distribution,  considered  as  bearing  on  Geology  ;  —  L.  Agassiz,  Synoptical  Table  of  British 
Fossil  Fishes,  arranged  in  the  order  of  the  Geological  Formations  ; — R.  Owen,  Report  on  the 
British  Fossil  Mammalia,  Part  II.; — E.  W.  Binney,  Report  on  the  excavation  made  at  the 
junction  of  the  Lower  New  Red  Sandstone  with  the  Coal  Measures  at  Collyhurst; — W. 
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Thompson,  Report  on  the  Fauna  of  Ireland  :  Div.  Invertebrata  ; — Provisional  Reports,  and 
Notices  of  Progress  in  Special  Researches  entrusted  to  Commit  tees  and  Individuals. 

Together  with  the  Transactions  of  the  Sections,  Karl  of  Kobe's  Address,  and  Recommen- 
dations of  the  Association  and  its  Committees. 

PROCEEDINC7S  OF  THE  FOURTEENTH  MEETING,  at  York,  1844, 
Published  at  £\. 

CONTENTS: — W.  B.  Carpenter,  on  the  Microscopic  Structure  of  Shells; — J.  Alder  and  A. 
Hancock,  Report  on  the  British  Kudibranchiate  Mollusca ; — R.  Hunt,  Researches  on  the 
Influence  of  Light  on  the  Germination  of  Seeds  and  the  Growth  of  Plants; — Report  of  a 
Committee  appointed  by  the  British  Association  in  1840,  for  revising  the  Nomenclature  of  the 
Stars; — Lt-Col.  Sabine,  on  the  Meteorology  of  Toronto  in  Canada; — J.  Blackwall,  Report 
on  some  recent  researches  into  the  Structure,  Functions,  and  Economy  of  the  draneidea 
made  in  Gieat  Britain  ; — Earl  of  Rosse,  on  the  Construction  of  large  Reflecting  Telescopes  ; 
— Rev,  W.  V.  Harcourt,  Report  on  a  Gas-furnace  for  Experiments  on  Vitrifaction  and  other 
Applications  of  High  Heat  in  the  Laboratory  ; — Report  of  the  Committee  for  Registering 
Earthquake  Shocks  in  Scotland; — Report  of  a  Committee  for  Experiments  on  Steam-Engines; 
— Report  of  the  Committee  to  investigate  the  Varieties  of  the  Human  Race; — Fourth  Report 
of  a  Committee  appointed  to  continue  their  Experiments  on  the  Vitality  of  Seeds; — W.  Fair- 
bairn,  on  the  Consumption  of  Fuel  and  the  Prevention  of  Smoke; — F.  Ronalds,  Report  con- 
cerning the  Observatory  of  the  British  Association  at  Kew ; — Sixth  Report  of  the  Committee 
appointed  to  conduct  the  Cooperation  of  the  British  Association  in  the  System  of  Simulta- 
neous Magnetical  and  Meteorological  Observations ; — Prof.  Forchhammer  on  the  influence 
of  Fucoidal  Plants  upon  the  Formations  of  the  Earth,  on  Metamorphism  in  general,  and  par- 
ticularly the  Metamorphosis  of  the  Scandinavian  Alum  Slate; — H.  E.  Strickland,  Report  on 
the  recent  Progress  and  Present  State  of  Ornithology ; — T.  Oldham,  Report  of  Committee 
appointed  to  conduct  Observations  on  Subterranean  Temperature  in  Ireland  ; — Prof.  Owen, 
Report  on  the  Extinct  Mammals  of  Australia,  with  descriptions  of  certain  Fossils  indicative 
of  the  former  existence  in  that  continent  of  large  Marsupial  Representatives  of  the  Order 
Pachydermata  ; — W,  S.  Harris,  Report  on  the  working  of  VVhewell  and  Osier's  Anemomf  ters 
at  Plymouth,  for  the  years  1841,  1842,  1843; — W.  R.  Birt,  Report  on  Atmospheric  Waves; 
— L.  Agassiz,  Rapport  sur  les  Poissons  Fossiles  de  1'Argile  de  Londres,  with  translation; — J. 
S.  Russell,  Report  on  Waves  ; — Provisional  Reports,  and  Notices  of  Progress  in  Special  Re- 
searches entrusted  lo  Committees  and  Individuals. 

Together  with  the  Transactions  of  the  Sections,  Dean  of  Ely's  Address,  and  Recommenda- 
tions of  the  Association  and  its  Committees. 

PROCEEDINGS  OF  THE  FIFTEENTH  MEETING,  at  Cambridge, 
1845,  Published  at  12*. 

CONTENTS: — Seventh  Report  of  a  Committee  appointed  to  conduct  the  Cooperation  of  the 
British  Association  in  the  System  of  Simultaneous  Magnetical  and  Meteorological  Observa- 
tions;— Lt.-Col.  Sabine,  on  some  points  in  the  Meteorology  of  Bombay  ; — J.  Blake,  Report 
on  the  Physiological  Actions  of  Medicines  ; — Dr.  Von  Boguslawski,  on  the  Comet  of  1843  ; 
— R.  Hunt,  Report  on  the  Actinograph  ; — Prof.  Schonbein,  on  Ozone  ; — Prof.  Erman,  on 
the  Influence  of  Friction  upon  Thermo- Electricity ; — Baron  Senftenbcrg,  on  the  Self- 
Registering  Meteorological  Instruments  employed  in  the  Observatory  at  Senftenberg; — 
W.  R.  Birt,  Second  Report  on  Atmospheric  Waves; — G.  R.  Porter,  on  the  Progress  and  Pre- 
sent Extent  of  Savings'  Banks  in  the  United  Kingdom  ;— Prof.  Bunsen  and  Dr.  Playfair, 
Report  on  the  Gases  evolved  from  Iron  Furnaces,  with  reference  to  the  Theory  of  Smelting 
of  Iron; — Dr.  Richardson,  Report  on  the  Ichthyology  of  the  Seas  of  China  and  Japan; — 
Report  of  the  Committee  on  the  Registration  of  Periodical  Phenomena  of  Animals  and  Vege- 
tables ; — Fifth  Report  of  the  Committee  on  the  Vitality  of  Seeds  ; — Appendix,  &c. 

Together  with  the  Transactions  of  the  Sections,  Sir  J.  F.  W.  Herschel's  Address,  and  Re- 
commendations of  the  Association  and  its  Committees. 

PROCEEDINGS  OF  THE  SIXTEENTH  MEETING,  at  Southampton, 
1846,  Published  at  15*. 

CONTENTS! — G.  G.  Stokes,  Report  on  Recent  Researches  in  Hydrodynamics; — Sixth 
Report  of  the  Committee  on  the  Vitality  of  Seeds  ;— Dr.  Schunck,  on  the  Colouring  Matters  of 
Madder; — .1.  Blake,  on  the  Physiological  Action  of  Medicines; — R.  Hunt,  Report  on  the  Ac- 
tinograph ; — R.  Hunt,  Notices  on  the  Influence  of  Light  on  the  Growth  of  Plants; — R.  L. 
Ellis,  on  the  Recent  Progress  of  Analysis; — Prof.  Forchhammer,  on  Comparative  Analytical 
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Researches  on  Sea  Water ; — A.  Erman,  on  the  Calculation  of  the  Gaussian  Constants  for 
1829; — G.  R,  Porter,  on  the  Progress,  present  Amount,  and  probable  future  Condition  of  the 
Iron  Manufacture  in  Great  Britain  ; — W.  R.  Birt,  Third  Report  on  Atmospheric  Waves; — 
Prof.  Owen,  Report  on  the  Archetype  and  Homologies  of  the  Vertebrate  Skeleton  ;— 
J.  Phillips,  on  Anemometry; — J.  Percy,  M.D.,  Report  on  the  Crystalline  Flags; — Addenda 
to  Mr.  Birt's  Report  on  Atmospheric  Waves. 

Together  with  the  Transactions  of  the  Sections,  Sir  R.  I.  Murchison's  Address,  and  He- 
commendationi  of  the  Association  and  its  Committees. 

PROCEEDINGS  OP  THE  SEVENTEENTH  MEETING,  at  Oxford, 

1847,  Published  at  ISs. 

CONTENTS: — Prof.  Langberg,  on  the  Specific  Gravity  of  Sulphuric  Acid  at  different  de- 
grees of  dilution,  and  on  the  relation  which  exists  between  the  Development  of  Heat  and  the 
coincident  contraction  of  Volume  in  Sulphuric  Acid  when  mixed  with  Water  ; — R.  Hunt, 
Researches  on  the  Influence  of  the  Solar  Rays  on  the  Growth  of  Plants  ; — R.  Mallet,  on 
the  Facts  of  Earthquake  Phenomena; — Prof.  Nilsson,  on  the  Primitive  Inhabitants  of  Scan- 
dinavia;— W.  Hopkins,  Report  on  the  Geological  Theories  of  Elevation  and  Earthquakes; 
—Dr.  W.  B.  Carpenter,  Report  on  the  Microscopic  Structure  of  Shells ; — Rev.  W.  Whcwell  and 
Sir  James  C.  Ross,  Report  upon  the  Recommendation  of  an  Expedition  for  the  purpose  of 
completing  our  knowledge  of  the  Tides; — Dr.  Schunck,  on  Colouring  Mutters  ;• — Seventh  Re- 
port of  the  Committee  on  the  Vitality  of  Seeds; — J.  Glynn,  on  the  Turbine  or  Horizontal 
Water- Wheel  of  France  and  Germany; — Dr  R.  G.  Latham,  on  the  present  state  and  recent 
progress  of  Ethnographical  Philology; — Dr.  J.  C.  Prichard,  on  the  v.uious  methods  of  Reseat  ch 
which  contribute  to  the  Advancement  of  Ethnology,  and  of  the  relations  of  that  Science  to 
other  branches  of  Knowledge; — Dr.  C.  C.  J.  Bunsen,  on  the  results  of  the  recent  Egyptian 
researches  in  reference  to  Asiatic  and  African  Ethnology,  and  the  Classification  of  Languages  ; 
— Dr.  C.  Meyer,  on  the  Importance  of  the  Study  of  the  Celtic  Language  as  exhibited  by  the 
Modern  Celtic  Dialects  still  extant; — Dr.  Max  Miiller,  on  the  Relation  of  the  Bengali  to  tlie 
Arian  and  Aboriginal  Languages  of  India; — W.  R.  Bin,  Fourth  Repoit  on  Atmospheric 
Waves; — Prof.  VV.  H.  Dove,  Temperature  Tables,  with  Intioductory  Remaiks  by  Lieut. -Col. 
E.  Sabine  ; — A.  Ertnan  and  H.  Petersen,  Third  Report  on  the  Calculation  of  the  Gaussian  Con- 
stants for  1829. 

Together  with  the  Transactions  of  the  Sections,  Sir  Robert  Harry  Inglis's  Address,  and 
Recommendations  of  the  Association  and  its  Committees. 

PROCEEDINGS  OP  THE  EIGHTEENTH  MEETING,  at   Swansea, 

1848,  Published  at  9s. 

CONTENTS t — Rev.  Prof.  Powell,  A  Catalogue  of  Observations  of  Luminous  Meteors; — 
J.  Glynn  on  Water-pressure  Engines  ; — R.  A.  Smith,  on  the  Air  and  Water  of  Towns ; — Eighth 
Report  of  Committee  on  the  Growth  and  Vitality  of  Seeds; — W.  R.  Birt,  Fifth  Report  on  At- 
mospheric Waves ; — E.  Schunck,  on  Colouring  Matters; — J.  P.  Budd,  on  the  advantageous  use 
made  of  the  gaseous  escape  from  the  Bla:»t  Furnaces  at  the  Ystalyfera  Iron  Works; — R.  Hunt, 
Report  of  progress  in  the  investigation  of  the  Action  of  Carbonic  Acid  on  the  Growth  of 
Plants  allied  to  those  of  the  Coal  Formations ; — Prof.  H.  W.  Dove,  Supplement  to  the  Tem- 
perature Tables  printed  in  the  Report  of  the  British  Association  for  1847  ; — Remarks  by  Prof. 
Dove  on  his  recently  constructed  Maps  of  the  Monthly  Isothermal  Lines  of  the  Globe,  and  on 
some  of  the  principal  Conclusions  in  regard  to  Climatology  deducible  from  them  ;  with  an  in- 
troductory Notice  by  Lt,-Col.  E.  Sabine; — Dr.  Daubeny,  on  the  progress  of  the  investigation 
on  the  Influence  of  Carbonic  Acid  on  the  Growth  of  Ferns; — J.  Phillips,  Notice  of  further 
progress  in  Anemometrical  Researches; — Mr.  Mallet's  Letter  to  the  Assistant-General  Secre- 
tary;—A.  Erman,  Second  Report  on  the  Gaussian  Constants; — Report  of  a  Committee 
relative  to  the  expediency  of  recommending  the  continuance  of  the  Toronto  Mngnetical  and 
Meteorological  Observatory  until  December  1850. 

Together  with  the  Transactions  of  the  Sections,  the  Marquis  of  Northampton's  Address, 
and  Recommendations  of  the  Association  and  its  Committees. 

PROCEEDINGS  OF  THE  NINETEENTH  MEETING,  at  Birmingham, 
184-9,  Published  at  10*. 

CONTENTS:— Rev.  Prof.  Powell,  A  Catalogue  of  Observations  of  Luminous  Meteors  ; — Earl 
of  Rosse,  Notice  of  Nebulae  lately  observed  in  the  Six-feet  Reflector; — Prof.  Daubeny,  on  the 
Influence  of  Carbonic  Acid  Gas  on  the  health  of  Plants,  especially  of  those  allied  to  the  Fossil 
Remains  found  in  the  Coal  Formation  ; — Dr,  Andrews,  Report  on  the  Heat  of  Combination  ; 
—Report  of  the  Committee  on  the  Registration  of  the  Periodic  Phenomena  of  Plants  and 
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Animals; — Ninth  Report  of  Committee  on  Experiments  on  the  Growth  and  Vitality  of  Seeds ; 
• — F.  Ronalds,  Report  concerning  the  Observatory  of  the  British  Association  at  Kew,  from 
Aug.  9,  1848  to  Sepi.  12,  1849  ; — R.  Mallet,  Report  on  the  Experimental  Inquiry  on  Railway 
Bar  Corrosion; — YV.  II.  Birt,  Report  on  the  Discussion  of  the  Electrical  Observations  at  Kew. 
Together  with  the  Transactions  of  the  Sections,  the  Rev.  T.  R.  Robinson's  Addiess,  and 
Recommendations  of  the  Association  and  its  Committees. 

PROCEEDINGS  OF  THE  TWENTIETH  MEETING,  at  Edinburgh, 

1850,  Published  at  \5s.     (Out  of  Print) 

CONTP.NTS:—  R.  Mallet,  First  Report  on  the  Facts  of  Earthquake  Phenomena; — Rev.  Prof. 
Powell,  on  Observations  of  Luminous  Meteors; — Dr.  T.  Williams,  on  the  Structure  and 
History  of  the  British  Annelida; — T.  C.  Hunt,  Result*  of  Meteoiological  Observations  taken 
at  St.  Michael's  from  the  Ut  of  January,  1840  to  the  31st  of  December,  1819; — R,  Hunt,  on 
the  present  State  of  our  Knowledge  of  the  Chemical  Action  of  the  Solar  Radiations ;— Tenth 
Report  of  Committee  on  Experiments  on  the  Growth  and  Vitality  of  Seeds ; — Major-Gen. 
Bnggs,  Report  on  the  Aboriginal  Tribes  of  India; — F.  Ronalds,  Report  concerning  the  Ob- 
servatory of  the  British  Association  at  Kew  ; — E.  Forbes,  Report  on  the  Investigation  of  British 
Marine  Zoology  by  means  of  the  Dredge  ; — R.  MacAndrew,  Notes  on  the  Distribution  and 
Range  in  depth  of  Mollu*c.i  and  other  Marine  Animals,  observed  on  the  coasts  of  Spain,  Por- 
tugal, Barbary,  Malta,  and  Southern  Italy  in  1849; — Prof.  Allman,  on  the  Present  State  of 
our  Knowledge  ot  the  Freshwater  Polyzoa  ; — Registration  of  the  Periodical  Phenomena  of 
Plants  and  Animals  ; — Suggestions  to  Astronomers  for  the  Observation  of  the  Total  Eclipse 
of  the  Sun  on  July  28,  185J. 

Together  with  the  Transactions  of  the  Sections,  Sir  David  Brewster's  Address,  and  Recom- 
mendations of  the  Association  and  its  Committees. 

PROCEEDINGS  OF  THE  TWENTY-FIRST  MEETING,  at  Ipswich, 

1851,  Published  at  16*.  6d. 

CONTENTS: — Rev.  Prof.  Powell,  on  Observations  of  Luminous  Meteors; — Eleventh  Re- 
port of  Committee  on  Experiments  on  the  Growth  and  Vitality  of  Seeds  ; — Dr.  J.  Drew,  on 
the  Climate  of  Southampton  ; — Dr.  R.  A.  Smith,  on  the  Air  and  Water  of  Towns:  Action  of 
Porous  Strata,  Water  and  Organic  Matter; — Report  of  the  Committee  appointed  to  consider 
the  probable  Effects  in  an  Economical  and  Physical  Point  of  View  of  the  Destruction  of  Tro- 
pical Forests ; — A.  Henfrey,  on  the  Reproduction  and  supposed  Existence  of  Sexual  Organs 
in  the  Higher  Cryptogamous  Plants; — Dr.  Daubeny,  on  the  Nomenclature  of  Organic  Com- 
pounds ; — -Rev.  Dr.  Donaldson,  on  two  unsolved  Problems  in  Indo-German  Philology;— 
Dr.  T.  Williams,  Report  on  the  British  Annelida; — R.  Mallet,  Second  Report  on  the  Facts  of 
Earthquake  Phenomena  ; — Letter  from  Prof.  Henry  to  Col.  Sabine,  on  the  System  of  Meteoro- 
logical Observations  proposed  to  be  established  in  the  United  States; — Col.  Sabine,  Report 
on  the  Kew  Magnctographs  ; — J.  Welsh,  Report  on  the  Performance  of  his  three  Magueto- 
graphs  during  the  Experimental  Trial  at  the  Kew  Observatory  ; — F.  Ronalds,  Report  concern- 
ing the  Observatory  of  the  British  Association  at  Kew,  from  September  12,  1850  to  July  31, 
1851  ;— Ordnance  Survey  of  Scotland. 

Together  with  the  Transactions  of  the  Sections,  Prof.  Airy's  Address,  and  Recom- 
mendations of  the  Association  and  its  Committees. 

PROCEEDINGS  OF  THE  TWENTY-SECOND  MEETING,  at  Belfast, 

1852,  Publistied  at!5s. 

CONTENTS  : — R.  Mallet,  Third  Report  on  the  Facts  of  Earthquake  Phenomena;— Twelfth 
Report  of  Committee  on  Experiments  on  the  Growth  and  Vitality  of  Seeds ; — Rev.  Prof. 
Powell,  Repoit  on  Observations  of  Luminous  Meteors,  1851-52; — Dr.  Gladstone,  on  the  In. 
fluencc  of  the  Solar  Radiations  on  the  Vital  Powers  of  Plants ; — A  Manual  of  Ethnological 
Inquiry  ; — Col.  Sykes,  Mean  Temperature  of  the  Day,  and  Monthly  Fall  of  Rain  at  127  Sta- 
tions under  the  Bengal  Presidency  ; — Prof.  J.  D.  Forbes,  on  Experiments  on  the  Laws  of  the 
Conduction  of  Heat; — R.  Hunt,  on  the  Chemical  Action  of  the  Solar  Radiations ; — Dr.  Hodges, 
on  the  Composition  and  Etonomy  of  the  Flax  Plant; — W.  Thompson,  on  the  Freshwater 
Fishes  of  Ulster; — W.  Thompson,  Supplementary  Report  on  the  Fauna  of  Ireland; — W,  Wills, 
on  the  Meteorology  of  Birmingham; — J.  Thomson,  on  the  Vortex-Water-  Wheel ; — J.  B.  Lawes 
and  Dr.  Gilbert,  on  the  Composition  of  Foods  in  relation  to  Respiration  and  the  Feeding  of 
Animals. 

Together  with  the  Transactions  of  the  Sections,  Colonel  Sabine's  Address,  and  Recom- 
mendations of  the  Association  and  its  Committees. 
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PROCEEDINGS  OF  THE  TWENTY-THIRD  MEETING,  at  Hull, 
1853,  Published  at  10s.  6d. 

CONTENTS: — Rev.  Prof.  Powell,  Report  on  Observations  of  Luminous  Meteors,  1852-53; 
-—James  Oldham,  on  the  Physical  Features  of  the  H umber; — James  Oldham,  on  the  Rise, 
Progress,  and  Pre!>ent  Position  of  Steam  Navigation  in  Hull; — William  Fairbairn,  Experi- 
mental Researches  to  determine  the  Strength  of  Locomotive  Boilers,  and  the  causes  which 
lead  to  Explosion; — J,  J.  Sylvester,  Provisional  Report  on  the  Theory  of  Determinants; — 
Professor  Hodges,  M.D.,  Report  on  the  Gases  evolved  in  Steeping  Flax,  and  on  the  Composition 
and  Economy  of  the  Flax  Plant; — Thirteenth  Report  of  Committee  on  Experiments  on  the 
Growth  and  Vitality  of  Seeds  ; — Robert  Hunt,  on  the  Chemical  Action  of  the  Solar  Radiations; 
— John  P.  Bell,  M.D.,  Observations  on  the  Character  and  Measurements  of  Degradation  of  the 
Yorkshire  Coast;  First  Report  of  Committee  on  the  Physical  Character  of  the  Moon 'a  Sur- 
face, afi  compared  with  that  of  the  Earth ; — R.  Mallet,  Provisional  Heport  on  Earthquake 
Wave-Transits;  and  on  Seismnmetrical  Instruments ;— William  Fairbairn,  on  the  Mechanical 
Properties  of  Metals  as  derived  from  repeated  Meltings,  exhibiting  the  maximum  point  of 
strength  and  the  causes  of  deterioration  ; — Robert  Mallet,  Third  Report  on  the  Facts  of  Earth- 
quake Phenomena  (continued). 

Together  with  the  Transactions  of  the  Sections,  Mr.  Hopkius's  Address,  and  Recommenda- 
tions of  the  Association  and  its  Committees. 

PROCEEDINGS  OF  THE  TWENTY-FOURTH  MEETING,  at  Liver- 
pool, 1854,  Published  at  18s. 

CONTENTS: — R.  Mallet,  Third  Report  on  the  Facts  of  Earthquake  Phenomena  (continued) ; 
— Major-General  Chesney,  on  the  Construction  and  General  Use  of  Efficient  Life-Boats; — Rev. 
Prof.  Powell,  Third  Report  on  the  present  State  of  our  Knowledge  of  Radiant  Heat ; — Colonel 
Sabine,  on  some  of  the  results  obtained  at  the  British  Colonial  Magnetic  Observatories; — 
Colonel  Portlock,  Report  of  the  Committee  on  Earthquakes,  with  their  proceedings  respecting 
Seismometers ; — Dr.  Gladstone,  on  the  influence  of  the  Solar  Radiations  on  the  Vital  Powers 
of  Plants,  Part  2; — Rev.  Prof.  Powell,  Report  on  Observations  of  Luminous  Meteors,  1853-54  ; 
—Second  Report  of  the  Committee  on  the  Physical  Character  of  the  Moon's  Surface  ; — W.  G. 
Armstrong,  on  the  Application  of  Water- Pressure  Machinery  ; — J.  B.  Lawes  and  Dr.  Gilbert, 
on  the  Equivalency  of  Starch  and  Sugar  in  Food  ; — Archibald  Smith,  on  the  Deviations  of  the 
Compass  in  Wooden  and  Iron  Ships  ; — Fourteenth  Report  of  Committee  on  Experiments  on 
the  Growth  and  Vitality  of  Seeds. 

Together  with  the  Transactions  of  the  Sections,  the  Earl  of  Harrowby's  Address,  and  Re- 
commendations of  the  Association  and  its  Committees. 

PROCEEDINGS  OF  THE  TWENTY-FIFTH  MEETING,  at  Glasgow, 
1855,  Published  at  1 5*. 

CONTENTS  : — T.  Dobson,  Report  on  the  Relation  between  Explosions  in  Coal- Mines  and 
Revolving  Storms; — Dr.  Gladstone,  on  the  Influence  of  the  Solar  Radiations  on  the  Vital  Powers 
of  Plants  growing  under  different  Atmospheric  Conditions,  Part  3;— C.  Spence  Bate,  on  the 
British  Edriophthalma ; — J.  F.  Bateman,  on  the  present  state  of  our  knowledge  on  the  Supply 
of  Water  to  Towns; — Fifteenth  Report  of  Committee  on  Experiments  on  the  Growth  and 
Vitality  of  Seeds  ; — Rev.  Prof.  Powell,  Report  on  Observations  of  Luminous  Meteors,  1854-55  ; 
•—Report  of  Committee  appointed  to  inquire  into  the  best  means  of  ascertaining  those  pro- 
perties of  Metals  and  effects  of  various  modes  of  treating  them  which  are  of  importance  to  the 
durability  and  efficiency  of  Artillery ;— Rev.  Prof.  Henslow,  Report  on  Typical  Objects  in 
Natural  History; — A.  Follett  Osier,  Account  of  the  Self- Registering  Anemometer  and  Rain- 
Gauge  at  the  Liverpool  Observatory  ;—  Provisional  Reports. 

Together  with  the  Transactions  of  the  Sections,  the  Duke  of  Argyll's  Address,  and  Recom* 
nendations  of  the  Association  and  its  Committees. 

PROCEEDINGS  OF  THE  TWENTY-SIXTH  MEETING,  at  Chel- 
tenham, 1856,  Published  at  185. 

CONTENTS  : — Report  from  the  Committee  appointed  to  investigate  and  report  upon  the 
effects  produced  upon  the  Channels  of  the  Mersey  by  the  alterations  which  within  the  last 
fifty  years  have  been  made  in  its  Banks;  — J.  Thomson,  Interim  Report  on  progress  in  Re- 
searches on  the  Measurement  of  Water  by  Weir  Boards;— Dredging  Report,  Frith  of  Clyde, 
18o(i; — Rev.  B.  Powell,  Report  on  Observations  of  Luminous  Meteors,  1855-1850  ; — Prof. 
Bunsen  and  Dr.  H.  E.  Roscoe,  Photochemical  Researches ;— Rev.  James  Booth,  on  the  Trigo- 
nometry of  the  Parabola,  and  the  Geometrical  Origin  of  Logarithms  ; — R.  MacAndrew,  Report 
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on  the  Marine  Testaceous  Mollusca  of  the  North-east  Atlantic  and  Neighbouring  Seas,  and 
the  physical  conditions  affecting  their  development; — P.  P.  Carpenter,  Report  on  the  present 
state  of  our  knowledge  with  regard  to  the  Mollut>ca  of  the  West  Coat»t  of  North  America; — 
T.  C.  Eyton,  Abstract  of  First  Heport  on  the  Oyster  Beds  and  Oysters  of  the  British  Shores; 
— Prof,  Phillips,  Report  on  Cleavage  and  Foliation  in  Rocks,  and  on  the  Theoretical  Expla- 
nations of  these  Phenomena:  Part  I.; — Dr.  T.  Wright  on  the  Stratigraphical  Distribution  of 
the  Oolitic  Echinodermata  ; — W.  Fairbairn,  on  the  Tensile  Strength  of  Wrought  Iron  at  various 
Temperatures ; — C.  Atherton,  on  Mercantile  Steam  Transport  Economy ; — J.  S.  Bowerbank,on 
the  Vital  Powers  of  the  Spongiadae; — Report  of  a  Committee  upon  the  Experiments  conducted 
at  Stormont field,  near  Perth,  for  the  artificial  propagation  of  Salmon  ; — Provisional  Report  on 
the  Measurement  of  Ships  for  Tonnage  ; — On  Typical  Forms  of  Minerals,  Plants  and  Animals 
for  Museums; — J.  Thomson,  Interim  Report  on  Progress  in  Researches  on  the  Measure- 
went  of  Water  by  Weir  Boards;— R.  Mallet,  on  Observations  with  the  Seismometer ; — A. 
Cayley,  on  the  Progress  of  Theoretical  Dynamics  ; — Report  of  a  Committee  appointed  to  con* 
sider  the  formation  of  a  Catalogue  of  Philosophical  Memoirs. 

Together  with   the  Transactions  of  the  Sections,   Dr.  Daubeny's  Address,  and  Recom- 
mendations of  the  Association  and  its  Committees. 

PROCEEDINGS  OF  THE  TWENTY-SEVENTH  MEETING,  at 
Dublin,  1857,  Published  at  15*. 

CONTENTS: — A.  Cayley,  Report  on  the  Recent  Progress  of  Theoretical  Dynamics; — Six- 
teenth and  final  Report  of  Committee  on  Experiments  on  the  Growth  and  Vitality  of  Seeds  ; 
— James  Oldham,  C.E.,  continuation  of  Report  on  Steam  Navigation  at  Hull; — Report  of  a 
Committee  on  the  Defects  of  the  present  methods  of  Measuring  and  Registering  the  Tonnage 
of  Shipping,  as  also  of  Marine  Engine-Power,  and  to  frame  more  perfect  rules,  in  order  that 
a  correct  and  uniform  principle  may  be  adopted  to  estimate  the  Actual  Carrying  Capabilities 
and  Working-Power  of  Steam  Ships ; — Robert  Were  Fox,  Report  on  the  Temperature  of 
BO  me  Deep  Mines  in  Cornwall; — Dr.  G.  Plarr,  De  quelques  Transformations  de  la  Somme 

-aa<|  +  l/3<|  +  l£*'  +  l 
53*     — r~T~T+~i — *+"i»  a  ^tant  entier  ncgatif,  et  de  quelques  cas  duns  lesquels  cette  somme 

est  exprimable  par  une  combinaison  de  factorielles,  la  notation  a'l  +  l  designant  le  produit  des 
t  facteurs  a  (a-f-1)  (a-f  2)  &c....(a-f-£—  1);— G  Dickie,  M.D.,  Report  on  the  Marine  Zoology 
of  Stranpford  Lough,  County  Down,  and  corresponding  part  of  the  Irish  Channel; — Charles 
Atherton,  Suggestions  for  Statistical  Inquiry  into  the  extent  to  which  Mercantile  Steam  Trans- 
port ^Economy  is  affected  by  the  Constructive  Type  of  Shipping,  as  respects  the  Proportions  of 
Length,  Breadth,  and  Depth  ; — J.  S.  Bowerbank,  Further  Report  on  the  Vitality  of  the  Spon- 
giadte  ; — John  P.  Hodges,  M.D.,  on  Flax; — Major-General  Sabine,  Report  of  the  Committee 
on  the  Magnetic  Survey  of  Great  Britain; — Rev.  Baden  Powell,  Report  on  Observations  of 
Luminous  Meteors,  1856-57  ; — C.Vignoles,  C.E.,  on  the  Adaptation  of  Suspension  Bridges  to 
sustain  the  passage  of  Railway  Trains; — Professor  W.  A.  Miller,  M.D.,  on  Electro- Chemistry ; 
— John  Simpson,  R.N.,  Results  of  Thermometrical  Observations  made  at  the  'Plover's* 
Wintering-place,  Point  Barrow,  latitude  71°  21'  N.,  long.  1.56°  17'  W.,  in  1852-54  ;— Charles 
James  Hargreave,  LL.1X,  on  the  Algebraic  Couple;  and  on  the  Equivalents  of  Indeterminate 
Expressions; — Thomas  Grubb,  Report  on  the  Improvement  of  Telescope  and  Equatorial 
Mountings; — Professor  James  Buckman,  Report  on  the  Experimental  Plots  in  the  Botanical 
Garden  of  the  Royal  Agricultural  College  at  Cirencester  ; — William  Fairbairn  on  the  Resistance 
of  Tubes  to  Collapse  ; — George  C.  lljndmari,  Report  of  the  Proceedings  of  the  Belfast  Dredging 
Committee  ; — Peter  W.  Barlow,  on  the  Mechanical  Effect  of  combining  Girders  and  Suspen- 
sion Chains,  and  a  Comparison  of  the  Weight  of  Metal  in  Ordinary  and  Suspension  Girders, 
to  produce  equal  deflections  with  a  given  load  ; — J.  Paik  Harrison,  M.A,,  Evidences  of  Lunar 
Influence  on  Temperature; — Report  on  the  Animal  and  Vegetable  Products  imported  into 
Liverpool  from  the  year  1851  to  1855  (inclusive) ; — Andrew  Henderson,  Report  on  the  Sta- 
tistics of  Life-boats  and  Fishing-boats  on  the  Coasts  of  the  United  Kingdom. 

Together  with  the  Transactions  of  the  Sections,  Rev.  H.  Lloyd's  Address,  and  Recommen- 
dations of  the  Association  and  its  Committees. 

PROCEEDINGS  OF  THE  TWENTY-EIGHTH  MEETING,  at  Leeds, 
September  1858,  Published  at  20*. 

CONTENTS: — R.  Mallet,  Fourth  Report  upon  the  Facts  and  Theory  of  Earthquake  Phe- 
nomena ; — Rev.  Prof.  Powell,  Report  on  Observations  of  Luminous  Meteors,  1857-58; — R.  H. 
Meade,  on  some  Points  in  the  Anatomy  of  the  Araneidea  or  true  Spiders,  especially  on  the 
internal  structure  of  their  Spinning  Organs; — W. Fairbairn,  Report  of  the  Committee  on  the 
Patent  Laws; — S.  Eddy,  on  the  Lead  Mining  Districts  of  Yorkshire  ; — W.  Fairbairn,  on  the 
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Collapse  of  Glass  Globes  and  Cylinders; — Dr.  K.  Perceval  Wright  and  Prof.  J.  Keay  Greene, 
Report  on  the  Marine  Fauna  of  the  South  and  West  Coasts  of  Ireland  ; — Prof.  J.  Thomson,  on 
Experiments  on  the  Measurement  of  Water  by  Triangular  Notches  in  Weir  Boards; — Major- 
General  Sabine,  Report  of  the  Committee  on  the  Magnetic  Survey  of  Great  Britain ; — Michael 
Connal  and  William  Keddie,  Report  on  Animal,  Vegetable,  and  Mineral  Substances  imported 
from  Foreign  Countries  into  the  Clyde  (including  the  Ports  of  Glasgow,  Greenock,  and  Port 
Glasgow)  in  the  years  1853,  1854, 1855, 1856,  and  1857  ; — Report  of  the  Committee  on  Ship- 
ping Statistics; — Rev.  H.  Lloyd,  D.D.,  Notice  of  the  Instruments  employed  in  the  Mag- 
netic Survey  of  Ireland,  with  some  of  the  Results; — Prof.  J.  R.  Kiimhan,  Report  of  Dublin 
Dredging  Committee,  appointed  1857-58; — Prof.  J.  II.  Kinahan,  Report  on  Crustacea  of  Dub- 
lin District; — Andrew  Henderson,  on  River  Steamers,  their  Form,  Construction,  and  Fittings, 
with  reference  to  the  necessity  for  improving  the  present  means  of  Shallow-Water  Navigation 
on  the  Rivers  of  British  India; — George  C.  Hyndman,  Report  of  the  Belfast  Dredging  Com- 
mittee;—Appendix  to  Mr.  Vignoles's  paper  "  On  the  Adaptation  of  Suspension  Bridges  to  sus- 
tain the  passage  of  Railway  Trains;" — Report  of  the  Joint  Committee  of  the  Royal  Society  and 
the  British  Association,  for  procuring  a  continuance  of  the  Magnetic  and  Meteorological  Ob- 
servatories;— R.  Beckley,  Description  of  a  Self-recording  Anemometer, 

Together  with  the  Transactions  of  the  Sections,  Prof.  Owen's  Address,  and  Recommenda- 
tions of  the  Association  and  its  Committees. 

PROCEEDINGS  OF  THE  TWENTY-NINTH  MEETING,  at  Aberdeen, 
September  1859,  Published  at  15s. 

CONTENTS:— George  C.  Foster,  Preliminary  Report  on  the  Recent  Progress  and  Present 
State  of  Organic  Chemistry ; — Professor  Buckman,  Report  on  the  Growth  of  Plants  in  the 
Garden  of  the  Royal  Agricultural  College,  Cirencester;— -  Dr.  A.  Voelcker,  Report  on  Field 
Experiments  and  Laboratory  Researches  on  the  Constituents  of  Manures  essential  to  cultivated 
Crops  ; — A.  Thomson,  Esq.,  of  Banchory,  Report  on  the  Aberdeen  Industrial  Feeding  Schools; 
— On  the  Upper  Silurians  of  Lesmahago,  Lanarkshire  ; — Alphonse  Gages,  Report  on  the  Re- 
sults obtained  by  the  Mechanico-Cbemical  Examination  of  Rocks  and  Minerals  ; — William 
Fairbairn,  Experiments  to  determine  the  Efficiency  of  Continuous  aitd  Self-acting  Breaks,  for 
Railway  Trains; — Professor  J.  R.  Kinahan,  Report  of  Dublin  Bay  Dredging  Committee  for 
1858-59; — Rev.  Baden  Powell,  Report  on  Observations  of  Luminous  Meteors  for  1858-59; 
—Professor  Owen,  Report  on  a  Series  of  Skulls  of  various  Tribes  of  Mankind  inhabiting 
Nepal,  collected,  and  presented  to  the  British  Museum,  by  Bryan  H.  Hodgson,  Esq.,  lato  Re- 
sident in  Nepal,  &c.  &c. ; — Messrs.  Maskelyne,  Hadow,  Hardwich,  and  Llewelyn,  Report  on 
the  Present  State  of  our  Knowledge  regarding  the  Photographic  Image; — G.  C.  Hyndman, 
Report  of  the  Belfast  Dredging  Committee  for  1859  ; — James  Oldham,  Continuation  of  Report 
of  the  Progress  of  Steam  Navigation  at  Hull; — Charles  Atherton,  Mercantile  Steam  Trans, 
port  Economy  as  affected  by  the  Consumption  of  Coals; — Warren  de  la  Rue,  Report  on  the 
present  state  of  Celestial  Photography jn  England  ; — Professor  Owen,  on  the  Orders  of  Fossil 
and  Recent  Reptilia,  and  their  Distribution  in  Time  ; — Balfour  Stewart,  on  some  Results  of  the 
Magnetic  Survey  of  Scotland  in  the  years  1857  and  1858,  undertaken,  at  the  request  of  the 
British  Association,  by  the  late  John  Welsh,  Esq.,  F.R.S.;— W.  Fairbairn,  The  Patent  Laws : 
Report  of  Committee  on  the  Patent  Laws; — J.  Park  Harrison,  Lunar  Influence  on  the  Tem- 
perature of  the  Air; — Balfour  Stewart,  an  Account  of  the  Construction  of  the  Self-recording 
Magnetographs  at  present  in  operation  at  the  Kew  Observatory  of  the  British  Association  ; — 
Prof.  H.  J.  Stephen  Smith,  Report  on  the  Theory  of  Numbers,  Part  I.; — Report  of  the 
Committee  on  Steamship  performance; — Report  of  the  Proceedings  of  the  Balloon  Committee 
of  the  British  Association  appointed  at  the  Meeting  at  Leeds  ; — Prof.  William  K.  Sullivan, 
Preliminary  Report  on  the  Solubility  of  Salts  at  Temperatures  above  100°  Cent.,  and  on  the 
Mutual  Action  of  Salts  in  Solution. 

Together  with  the  Transactions  of  the  Sections,  Prince  Albert's  Address,  and  Recommenda- 
tions of  the  Association  and  its  Committees. 

PROCEEDINGS  OF  THE  THIRTIETH  MEETING,  at  Oxford,  June 
and  July  1860,  Published  at  15s. 

CONTENTS: — James  Glaisher,  Report  on  Observations  of  Luminous  Meteors,  1859-60  ; — 
J.  R.  Kinahan,  Report  of  Dublin  Bay  Dredging  Committee ; — Rev.  J.  Anderson,  Report  on 
the  Excavations  in  Dura  Den ; — Professor  Buckman,  Report  on  the  Experimental  Plots  in  the 
Botanical  Garden  of  the  Royal  Agricultural  College,  Cirencester  ; — Rev.  R.  Walker,  Report  of 
the  Committee  on  Balloon  Ascents; — Prof.  W.  Thomson,  Report  of  Committee  appointed  to 
prepare  a  Self-recording  Atmospheric  Electrometer  for  Kew,  and  Poi table  Apparatus  for  ob- 
seiving  Atmospheric  Electricity  ; — \Vrilliam  Fairbairn,  Experiments  to  determine  the  Effect  of 
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Vibratory  Action  and  long-continued  Changes  of  Load  upon  Wrought-iron  Girders; — R.  P. 
Greg,  Catalogue  of  Meteorites  and  Fireballs,  from  A.D.  2  to  A.D.  1860  ; — Prof.  H.  J.  S.  Smith, 
Report  on  the  Theory  of  Numbers,  Part  II.; — Vice-Admiral  Moorsom,  on  the  Performance  of 
Steam-vessels,  the  Functions  of  the  Screw,  and  the  Relations  of  its  Diameter  and  Pitch  to  the 
Form  of  the  Vessel; — Rev.  W.  V.  Harcourt,  Report  on  the  Effects  of  long-continued  Heat, 
illustrative  of  Geological  Phenomena; — Second  Report  of  the  Committee  on  Steamship  Per- 
formance ; — Interim  Report  on  the  Gauging  of  Water  by  Triangular  Notches  ; — List  of  the 
British  Marine  Invertebrate  Fauna. 

Together  with  the  Transactions  of  the  Sections,  Lord  Wrottesley's  Address,  and  Recom- 
mendations of  the  Association  and  its  Committees. 

PROCEEDINGS  OF  THE  THIRTY-FIRST  MEETING,  at  Manches- 
ter, September  1861,  Published  at£L. 

CONTENTS: — James  Glaisher,  Report  on  Observations  of  Luminous  Meteors; — Dr.  E. 
Smith,  Report  on  the  Action  of  Prison  Diet  and  Discipline  on  the  Bodily  Functions  of  Pri- 
soners, Part  I.; — Charles  Atherton,  on  Freight  as  affected  by  Differences  in  the  Dynamic 
Properties  of  Steamships ; — Warren  De  la  line,  Report  on  the  Progress  of  Celestial  Photo- 
graphy  *»ince  the  Aberdeen  Meeting; — H.  Stewart,  on  the  Theory  of  Exchanges,  and  its  re- 
cent extension; — Drs.  E.  Schunck,  R.  Angus  Smith,  and  H.  E.  Roscoe,  on  the  Recent  Pro- 
gress and  Present  Condition  of  Manufacturing  Chemistry  in  the  South  Lancashire  District; — 
Dr.  J.  Hunt,  on  Ethuo-Climatology  ;  or,  the  Acclimatization  of  Man  ; — Prof.  J.  Thomson,  on 
Experiments  on  the  Gauging  of  Wafer  by  Triangular  Notches; — Dr.  A.  Voelcker,  Report  on 
Field  Experiments  and  Laboratory  Researches  on  the  Constituents  of  Manures  essential  to 
cultivated  Crops  ; — Prof.  II.  Hennessy,  Provisional  Report  on  the  Present  State  of  our  Know- 
ledge respecting  (he  Transmission  of  Sound-signal;;  during  Fogs  at  Sea; — Dr.  P.  L.  Sclater 
and  F.  von  Hochstetter,  Report  on  the  Present  State  of  our  Knowledge  of  the  Birds  of  the 
Genus  Apieryx  living  in  New  Zealand  ; — J.  G.  Jeffreys,  Report  of  the  Results  of  Deep-sea 
Dredging  in  Zetland,  with  a  Notice  of  several  Species  of  Mollu&ca  new  to  Science  or  to  the 
llritish  Isles; — Prof.  J.  Phillips,  Contributions  to  a  Report  ou  the  Physical  Aspect  of  the 
Moon; — W.  R.  B'irt,  Contribution  to  a  Report  on  the  Physical  Aspect  of  the  Moon; — Dr. 
Oollingwood  and  Mr.  liyerley,  Preliminary  Report  of  the  Dredging  Committee  of  the  Mersey 
and  Dee; — Third  Report  of  the  Committee  on  Steamship  Perfotmance  ; — J.  G.  Jeffreys, 
Preliminary  Report  on  the  Best  Mode  of  preventing  the  Ravages  of  Teredo  and  other  Animals 
in  our  Ships  and  Harbours; — R.  Mallet,  Report  on  the  Expeiiments  made  at  Holyhcad  to 
ascertain  the  Transit-Velocity  of  Waves,  analogous  to  Earthquake  "\Va\cs,  thiough  the  local 
Rock  Formations  ; — T,  Dobbon,  on  the  Explosions  in  I>iitibli  Coal-Mines  during  the  year  1859; 
— J,  Oldham,  Continuation  of  Report  on  Steam  Navigation  at  Hull ; — Professor  G,  Dickie, 
Brief  Summary  of  a  Report  on  the  Flora  of  the  North  of  Ireland  ; — Professor  Owen,  on  the 
Psychical  and  Physical  Characters  of  tlie  Mineopies,  or  Natives  of  the  Andaman  Islands,  and 
on  the  Relations  thereby  indicated  to  other  Races  of  Mankind  ; — Colonel  Sykcs,  Report  of  the 
Balloon  Committee  ; — Major-General  Sabine,  Report  on  the  Repetition  of  the  Magnetic  Sur- 
vey of  England ; — Interim  Report  of  the  Committee  for  Dredging  on  the  North  and  East 
Coasts  of  Scotland  ; — W.  Fail  bairn,  on  the  Resistance  of  Iron  Plates  to  Statical  Ptcssure  and 
the  Force  of  Impact  by  Projectiles  at  High  Velocities; — \V.  Faiibiiirn,  Continuation  of  Report 
to  determine  the  effect  of  Vibratory  Action  and  long-continued  Changes  of  Load  upon 
Wrought-iron  Girders; — Report  of  the  Committee  on  the  Law  of  Patents; — Prof.  H.  J.  S. 
Smith,  Report  on  the  Theory  of  Numbers,  Part  III. 

Together  with  the  Transactions  of  the  Sections,  Mr.  Faiibairn's  Address,  and  Recommen- 
dations of  the  Association  and  its  Committees. 

PROCEEDINGS  OF  THE  THIRTY-SECOND  MEETING,  at  Cam- 
bridge, October  1862,  Published  at  £1. 

CONTENTS  : — James  Glaisher,  Report  on  Observations  of  Luminous  Meteors,  1861-62; — 
G.  15.  Airy,  on  the  Strains  in  the  Interior  of  Beams ; — Archibald  Smith  and  F.  J.  Evans, 
Report  on  the  three  Reports  of  the  Liverpool  Compass  Committee ; — Report  on  Tidal  Ob- 
servations on  the  Kumber  ;~-T.  Aston,  on  Rifled  Guns  and  Projectiles  adapted  for  Attacking 
Armour-plate  Defences ; — Extracts,  relating  to  the  Observatory  at  Kew,  from  a  Report 
presented  to  the  Portuguese  Government,  by  Dr.  J.  A.  dc  Souza; — H.  T.  Mennell,  Report 
on  the  Dredging  of  the  Northumberland  Coast  and  Dogger  Bank ; — Dr.  Cuthbert  Colling- 
wood,  Report  upon  the  best  means  of  advancing  Science  through  the  agency  of  the  Mercan- 
tile Marine; — Messrs.  Williamson,  Wheatstone,  Thomson,  Miller,  Matthiessen,  and  Jenkin, 
Provisional  Report  on  Standards  of  Electrical  Resistance ; — Preliminary  Report  of  the  Com- 
mittee for  investigating  the  Chemical  and  Mineralogical  Composition  of  the  Granites  of  Do- 
1872,  20 
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negal ;— Prof.  H.  Hennessy,  on  the  Vertical  Movements  of  the  Atmosphere  considered  in 
connexion  with  Storms  and  Changes  of  Weather ;— Report  of  Committee  on  the  application 
of  Gauss's  General  Theory  of  Terrestrial  Magnetism  to  the  Magnetic  Variations  j — Fleeming 
Jenkin,  on  Thermo-electric  Currents  in  Circuits  of  one  Metal ;— W.  Fairbairn,  on  the  Me- 
chanical  Properties  of  Iron  Projectiles  at  High  Velocities;— A.  Cayley,  Report  on  the  Pro- 
gress of  the  Solution  of  certain  Special  Problems  of  Dynamics ;— Prof.  G.  G.  Stokes,  Report 
on  Double  Refraction ; — Fourth  Report  of  the  Committee  on  Steamship  Performance  ; — 
G.  J.  Symons,  on  the  Fall  of  Rain  in  the  British  Isles  in  1860  and  1861  ;— J.  Ball,  on  Ther- 
mometric  Observations  in  tbe  Alps  ; — J.  G.  Jeffreys,  Report  of  the  Committee  for  Dredging 
on  the  N.and  E.  Coasts  of  Scotland ;— Report  of  the  Committee  on  Technical  and  Scientific 
Evidence  in  Courts  of  Law ; — James  Glaisher,  Account  of  Eight  Balloon  Ascents  in  1862  ; — 
Prof.  H.  J.  S.  Smith,  Report  on  the  Theory  of  Numbers,  Part  IV. 

Together  with  the  Transactions  of  the  Sections,  the  Rev.  Prof.  R.  Willis's  Address,  and 
Recommendations  of  the  Association  and  its  Committees. 

PROCEEDINGS  OF  THE  THIRTY-THIRD  MEETING,  at  New- 
castle-upon-Tyne,  August  and  September  1863,  Published  at  <£l  5s. 

CONTENTS  : — Report  of  the  Committee  on  the  Application  of  Gun-cotton  to  Warlike  Pur- 
poses;— A,  Matthiessen,  Report  on  the  Chemical  Nature  of  Alloys; — Report  of  the  Com- 
mittee on  the  Chemical  and  Mineralogical  Constitution  of  the  Granites  of  Donegal,  and  of 
the  Rocks  associated  with  them ; — J.  G.  Jeffreys,  Report  of  the  Committee  appointed  for 
Exploring  the  Coasts  of  Shetland  by  means  of  the  Dredge; — G.  D.  Gibb,  Report  on  the 
Physiological  Effects  of  the  Bromide  of  Ammonium  ;— C.  K,  Aken,  on  the  Transmutation  of 
Spectral  Rays,  Part  I.: — Dr.  Robinson,  Report  of  the  Committee  on  Fog  Signals; — Report 
of  the  Committee  on  Standards  of  Electrical  Resistance  ; — E.  Smith,  Abstract  of  Report  by 
the  Indian  Government  on  the  Foods  used  by  the  Free  and  Jail  Populations  in  India ; — A. 
Gages,  Synthetical  Researches  on  the  Formation  of  Minerals,  &c. ; — R.  Mallet,  Preliminary 
Report  on  the  Experimental  Determination  of  the  Temperatures  of  Volcanic  Foci,  and  of  the 
Temperature,  State  of  Saturation,  and  Velocity  of  the  issuing  Gases  and  Vapours  ;— Report 
of  the  Committee  on  Observations  of  Luminous  Meteors ; — Fifth  Report  of  the  Committee 
on  Steamship  Performance; — G.  J.  Allman,  Report  on  the  Present.  State  of  our  Knowledge 
of  the  Reproductive  S)stem  in  the  Hydroida; — J.  Glaisher,  Account  of  Five  Balloon  Ascents 
made  in  1863; — P.  P.  Carpenter,  Supplementary  Report  on  the  Present  State  of  our  Know- 
ledge with  regard  to  the  Mollusca  of  the  West  Coast  of  North  America; — Profrssor  Airy, 
Report  on  Steam-boiler  Explosions; — C.  W.  Siemens,  Observations  on  the  Electrical  Resist- 
ance and  Electrification  of  some  Insulating  Materials  under  Pressures  up  to  300  Atmo- 
spheres;— C.  M.  Palmer,  on  the  Construction  of  Iron  Ships  and  the  Progress  of  Iren  Ship- 
building on  the  Tyne,  Wear,  and  Tees  ; — Messrs.  Richardson,  Stevenson,  and  Clapham,  on 
the  Chemical  Manufactures  of  the  Northern  Districts; — Messrs.  Sopwith  and  Richardson, 
on  the  Local  Manufacture  of  Lead,  Copper,  Zinc,  Antimony,  &c. ; — Messrs.  Daglish  and 
Forster,  on  the  Magnesian  Limestone  of  Durham  ; — I.  L.  Bell,  on  the  Manufacture  of  Iron 
in  connexion  with  the  Northumberland  and  Durham  Coal-field  ; — T.  Spencer,  on  the  Manu- 
facture of  Steel  in  the  Northern  District; — H.  J.  S.  Smith,  Report  on  the  Theory  of  Num- 
bers, Part  V. 

Together  with  the  Transactions  of  the  Sections,  Sir  William  Armstrong's  Address,  and 
Recommendations  of  the  Association  and  its  Committees. 

PROCEEDINGS  OF  THE  THIRTY-FOURTH  MEETING,  at  Bath, 
September  1864.  Published  at  18$. 

CONTENTS  : — Report  of  the  Committee  for  Observations  of  Luminous  Meteors  ; — Report 
of  the  Committee  on  the  best  means  of  providing  for  a  Uniformity  of  Weights  and  Mea- 
sures;— T.  S.  Cobbold,  Report  of  Experiments  respecting  the  Development  and  Migration 
of  the  Entozoa; — B.  W.  Richardson,  Report  on  the  Physiological  Action  of  Nitrite  of  Arnyl; 
— J.  Oldham,  Report  of  the  Committee  on  Tidal  Observations ; — G.  S.  Brady,  Report  on 
deep- sea  Dredging  on  the  Coasts  of  Northumberland  and  Durham  in  1864; — J.  Glaisher, 
Account  of  Nine  Balloon  Ascents  made  in  1863  and  1864; — J.  G.  Jeffreys,  Further  Report 
on  Shetland  Dredgings; — Report  of  the  Committee  on  the  Distribution  of  the  Organic 
Remains  of  the  North  Staffordshire  Coal-field ; — Report  of  the  Committee  on  Standards  of 
Electrical  Resistance; — G.  J.  Symons,  on  the  Fall  of  Rain  in  the  British  Isles  in  1862  and 
1863 ; — W.  Fairbairn,  Preliminary  Investigation  of  the  Mechanical  Properties  of  the  pro- 
posed  Atlantic  Cable. 

Together  with  the  Transactions  of  the  Sections,  Sir  Charles  LyelPs  Address,  and  Recom- 
mendations of  the  Association  and  its  Committees. 
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PROCEEDINGS  OF  THE  THIRTY-FIFTH  MEETING,  at  Birming- 
ham, September  1865,  Published  at  f  1  5s. 

CONTENTS  : — J.  G.  Jeffreys,  Report  on  Dredging  among  the  Channel  Isles ; — F.  Buck  land, 
Report  on  the  Cultivation  of  Oysters  by  Natural  and  Artificial  Methods  ; — Report  of  the 
Committee  for  exploring  Kent's  Cavern ; — Report  of  the  Committee  on  Zoological  Nomen- 
clature;—Report  on  the  Distribution  of  the  Organic  Remains  of  the  North  Staffordshire 
Coal-field; — Report  on  the  Marine  Fauna  and  Flora  of  the  South  Coast  of  Devon  and  Corn- 
wall ; — Interim  Report  on  the  Resistance  of  Water  to  Floating  and  Immersed  Bodies ; — Re- 
port  on  Observations  of  Luminous  Meteors  ;— Report  on  Dredging  on  the  Coast  of  Aberdeen- 
shire;  -J.  Glaisher,  Account  of  Three  Dalloon  Ascents ; — Interim  Report  on  the  Transmis- 
sion of  Sound  under  Water; — G.  J.  Symons,  on  the  Rainfall  of  the  British  Isles; — W.  Fair- 
bairn,  on  the  Strength  of  Materials  considered  in  relation  to  the  Construction  of  Iron  Ships; 
— Report  of  the  Gun-Cotton  Committee ; — A.  F.  Osier,  on  the  Horary  and  Diurnal  Variations 
in  the  Direction  and  Motion  of  the  Air  at  Wrottesley,  Liverpool,  and  Birmingham  ; — B.  W. 
Richardson,  Second  Report  on  the  Physiological  Action  of  certain  of  the  Amyl  Compounds ; 
—Report  on  further  Researches  in  the  Lingula-flags  of  South  Wales ; — Report  of  the  Lunar 
Committee  for  Mapping  the  Surface  of  the  Moon  ; — Report  on  Standards  of  Electrical  Re- 
sistance;—  Keport  of  the  Committee  appointed  to  communicate  with  the  Russian  Govern- 
ment respecting  Magnetical  Observations  atTiflis ;— -Appendix  to  Report  on  the  Distribution 
of  the  Vertebrate  Remains  from  the  North  Staffordshire  Coal-field; — H.  Woodward,  First 
Report  on  the  Structure  and  Classification  of  the  Fossil  Crustacea  ; — II.  J.  S.  Smith,  Report 
on  the  Theory  of  Numbers,  Part  VI. ; — Report  on  the  best  means  of  providing  for  a  Unifor- 
mity of  Weights  and  Measures,  with  reference  to  the  interests  of  Science; — A.  G.  Findlay, 
on  the  Bed  of  the  Ocean ; — Professor  A.  W.  Williamson,  on  the  Composition  of  Gases 
evolved  by  the  Hath  Spring  called  King's  Bath. 

Together  with  the  Transactions  of  the  Sections,  Professor  Phillips's  Address,  and  Recom- 
mendations of  the  Association  and  its  Committees. 


PROCEEDINGS  OF  TTIE  THIRTY- SIXTH  MEETING,  at  Notting- 
ham, August  1800,  Published  at  £1  Ls. 

CONTENTS: — Second  Report  on  Kent's  Cavern,  Devonshire; — A.  Matthiessen,  Preliminary 
Report  on  the  Chemical  Nature  of  Cast  Iron  ; — Report  on  Observations  of  Luminous  Meteors  ; 
— W.  S.  Mitchell,  Report  on  the  Alum  13ay  Leaf- bed  ; — Keport  on  the  Resistance  of  Water 
to  Floating  and  Immersed  Bodies; — Dr.  Norris,  Report  on  Muscular  Irritability ;— Dr. 
Richardson,  Report  on  the  Physiological  Action  of  certain  compounds  of  Amyl  and  Ethyl ; — 
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chanical  Properties  of  Steel ;— Report  on  the  Marine  Fauna  and  Flora  of  the  South  Coast  of 
Devon  and  Cornwall ; — Supplement  to  a  Report  on  the  Extinct  Didine  Birds  of  the  Masca- 
rene  Islands ;— Report  on  Observations  of  Luminous  Meteors ; — Fourth  Report  on  Dredging 
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between  India  and  China; — Report  of  Rainfall  Committee; — Keport  on  Synthetical  Re- 
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Haematite  Iron. ores  of  Great  Britain  and  Ireland ;  -Report  on  the  Sedimentary  Deposits  of 
the  River  Onny; — Report  on  the  Chemical  Nature  of  Cast  Iron; — Report  on  the  practica- 
bility of  establishing  "A  Close  Time"  for  the  protection  of  Indigenous  Animals  ; — Report 
on  Standards  of  Electrical  Resistance ; — Sixth  Report  on  Kent's  Cavern  ; — Third  Report  on 
Underground  Temperature ;— Second  Report  of  the  Committee  appointed  to  get  cut  and 
prepared  Sections  of  Mountain- Limestone  Corals; — Second  Report  on  the  Stability,  Pro- 
pulsion, and  Sea-going  Qualities  of  Ships; — Report  on  Earthquakes  in  Scotland; — Report 
on  the  Treatment  and  Utilization  of  Sewage; — Report  on  Observations  of  Luminous  Me- 
teors, 1869-70; — Report  on  Recent  Progress  in  Elliptic  and  llyperelliptic  Functions; — 
Report  on  Tidal  Observations; — On  a  new  Steam-power  Meter; — Report  on  the  Action  of 
the  Methyl  and  Allied  Series; — Report  of  the  Ramiall  Committee; — Report  on  the  Heat 
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CONTENTS: — Seventh  Report  on  Kent's  Cavern  ; — Fourth  Report  on  Underground  Tem- 
perature;— Report  on  Observations  of  Luminous  Meteors,  1870  71  ; — Fifth  Report  on  the 
Stiurture  and  Classification  of  the  Fossil  Crustacea  ;— Report  for  the  purpose  of  urging  on 
Her  Majesty's  Government  the  expediency  of  arranging  and  tabulating  the  results  of  the 
approaching  Census  in  the  three  several  parts  of  the  United  Kingdom  in  such  a  manner  as 
to  admit  of  ready  and  ettVctue  comparison; — Report  for  the  purpose  of  Superintending  the 
publication  of  Abstracts  of  Chemical  papers ;- -Report  of  the  Committee  for  discussing 
Observations  of  Lunar  Objects  suspected  of  change ;  Second  Provisional  Report  on  the 
Thermal  Conductivity  of  Metals ;— Report  on  the  Rainfall  of  the  British  Ules ; — Third 
Report  on  the  British  Fossil  Corals  ; — Report  on  the  Heat  generated  in  the  Blood  during  the 
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Together  with  the  Transactions  of  the  Sections,  Sir  William  Thomson's  Address,  and 
Recommendations  of  the  Association  and  its  Committees. 
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18GL  *Barr,  William  R.3  F.G.S.    Ileatou  Lodge,  J leatou  Mersey,  near  Man- 
chester, 
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1872.  *Barrett,  F.  W,,  F.O.S.    Woodlands,  Isloworth,  Middlesex, 
1860.  --—... ~ 

1852. 

1866.  ,_. 

1858,  {BARRY,    Rev.    A.,    D.U.,    D.C.L.,    Principal    of    King's    College, 
London,  W.C. 

1862.  *Barry,  Charles.     ]  5  Pembridge-square,  Bayswator,  London,  W, 

Barstow,  Thomas.     Garrow-hill,  near  York. 

1858.  *Bartholomow,  Charles.     Oastle-hili-house,  Baling,  Middlesex,  W. 
1855.  {Bartholomew,  Tlu^h.     New  Gas-works,  Glasgow. 
1858.  *  Bartholomew,  William  llamond.    Albion  Yilln,  Spencer-place,  Leeds. 
1868.   *Bartou,  Edward  (27th  Innlsldllens).     Clonelly,  Ireland. 
1857.  {Barton,  Folloit  W.     Clonelly,  Co.  Fermanagh, 
1852.  {Barton,  James.     Farndrcg,  Ihmdalk. 

*  Barton,  John.     Stonehouse,  Stillorgan-road;  Booterstown,  Dublin. 
3864.  {Bartrum,  John  S.     41  Gay-street,  Hath. 
3870.  §BAIUTCIISOX,  ARNOLD.     Bluudell  Sands,  near  Liverpool. 
1858*  *Bar\vick,    John   Marshall.       Albion-place,,    Leeds;    and   Glenview, 
Shipley,  near  Leeds. 

*Bashforth,  Kev.  Francis,  B.I).     Minting  Vicarage,  near  HorncuMK 
1861.  {Bass,  John  II. ,  F.G.8.     287  Camden-road,  London,  N. 
1866.  *BASSETT,  HENRY,     215  Ilnmpstead-road,  London,  N.W. 

1866.  JBassett,  Richard.     Pelluun-street,  Nottingham. 

1860.  J Bastard,  S.  S.     Summerland-plaee,  l^xeter. 

1871.  tBASTiAN,  PL  CHART/TON,  M.A.,  M.D.,  F.R.S.,  F.L.S.,  Professor  of 
Pathological  Anatomy  to  University  College  Hospital.  1*0 
Queen  Anne-street,  London,  W. 

1848.  tBvTE,  C.  SPKNCK,  F.K.S.,  F.L.S.     H  ]\fuVrrav(»-placo,  Vhmemth. 

1868.  iBateman,  Frederick,  M.I).     V]>p<-r  St.  ( iihVs-^root,  Nonvir-h. 

BATKM\N,  JAMES,  ]\I.A.,    F.  U.S.,    F.LS.,   F.II.S.      «.)  llulo   I\irk 

Gate  South,  London,  A\f. 
1842.  *BATEMAx,Jou.\FREDKitrr,  ('.]'].,  F.Ii.S.;K(i.S.     Hi  (irent  G«'oip«- 

fltrect,  London,  S.W. 
1864.  §BATES,  HK^KY  WAF/IKU.  A^L>t.-.Sec.  1\.G.S.    JSjiull^-rov.,  London 

W.  ' 

1852.  tBateaon,  Sir  l?ol>ortf  Bart.     B««lvoir  Ili»vk,  Belfast. 
1851.  fBATH  AM)  WKLF^,  Lord  Arthur  lleney,  Lord  Bisliop  of. 

1863.  *Bathurcit,  Jxov.  W.  11.     11  Bolton-gardens-,  Huuth  Kensington,  Lon- 

don, W. 

1869.  JBatten,  John  Winterbotham.     8%  Pulaco  Ciftrdens-tenvu-o,  Kensing- 

ton, London,  S.W. 
1863.  §BAUKRMAN,  llK.Nftv,  F.Ci.S.     22  Aere-hine,  Bri\<on,  London,  S  A\' 

1861,  Jlkxendell,  Joa«»ph,  F.R.A.S.      108  St(»ck-street,  Manchester 

1867.  {Baxter,  lid  ward.     Hazel  Hall,  Dundee. 
1867.  {Baxter,  John  B.     Oai>  Tuy  House,  Dundee. 

1870.  {BAXTER,  K.  DIIULKY,  M.A.     6  Victoria- street,  Westminster,  S.W., 

and  Ilampstead. 

1867.  {Baxter,  William  JOdward,  M.P.     AsholiflTe,  Dundee. 

1868.  J  Hayes,  William,  M.I).     T>8  Brook-street,  London,  W. 
1851.  *Bayley,  George.     gCcm^er'a-court,  Coruhill,  London,  K.C. 
1866.    {Bayley,  Thomas.     Lenton,  Nottingham. 

1854.  {Baylifl,  C.  O.,  M.D.     "22  pevonsliire-rond,  Olaughton,  Birkonhood. 
Bayly,  John.     1  Brunswick-terrace,  Plymouth. 

1860.  *BEALK,  LIONEL  S.,  M.D.,F.R.S.,  Professor  of  Path olo^ical  Anatomy 
in  University  College.  61  Grosvenor-atreet,  London,  W. 

1833.  *BBAMISH,  RICHABI>,  F.R.S,  Woolaton  Lawn^  Woobton.  South- 
ampton. 
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1861.  §Bean,  William.     Alfreton,  Derbyshire. 
1872.  §  Beanos,  Edward,  F.C.S.     Avon  House, 


1861.   *  Beaumont,  Kev.  Thomas  George.     Chelmondi^on  Kectorv,  Ipswich. 
1871.  *Beazley,  Capt.  Ueor«re  G.     India.     (A nn  v  and  Xavv  Club,  Pull  Mall, 
London,  S.W.)  *  ' 

0.   'Hock,  Jo^-ph,  F.Li.A.S.     :J1  Conihill,  London   KC. 
*.   §  Becker,  Miss  L\dia  JO.     AVhall«*y  It.nijro,  Mauclie.-trr. 
JO.  tBujKLKs,  S  \.Mu.]L  11.,  F.H.S.,  J^'a.S.    y  Grand  Parade,  .S1 .  Leoiiiirds- 

on-Si4a. 

18r»(>.  JBoddaril,  James.     D.'rliy-road,  Nolnn^ham. 
JS70.  §BKDI>UK,  JOHV,  M.J).    Vlii'rmi,  Bristol. 
184G.   fBhKK,  CitviiLKsT.,  J^h  1).,  F.S.A.,  KK.d.S.     London  Institution, 

Fin- bury -cm:ii-s  London,  K.(J. 

180-5.  *BEL.\VKM-:rz,  I  ,  C*iptjiin  of  tho  liu^inn  Imppriiil  Na\y,  F.R.I.G.S., 

M.S.(\M.A.,    SupL'vinl*'iid««nt    of    tho    Compass"  i )bsorvatoryf 

Cronstadt.     ((1aro    of   Mo^rs.   Baring1   Brothers,    J »is]iopsgate- 

slrei'i ,  Ijondon,  K.(\ ) 

1*17.  *J3KJ.cTi",K,  Vic— Admiral  Sir  Ei»v  viu»,  K.C.B.,  F.R.A.S.,  F.K.G.S. 

13  Dorset-street,  Portman-sqnare,  London,  \V. 
1871.  tBiOl,  Archibald.     Oh^alor,  Carniortli. 
1871.   §Bell,  ('harl^  1^.     (>  Spring  ]Jank,  Hull. 

Bi*ll,  Fivdorick  John.     \\  j/odlands,  near  Maldon,  Kssox. 
1830.   ^Bi'H,  (ieor^«\     Windsor-buildings,  Dumbarton. 
ISiH).   tBoll,  Kov.  <}i»or£t»  Clinrlo-*,  31. A"    Chris's  Hospital,  London,  K.(1. 
ls.5.\  JP»cll,  Capl.  Henry.     Chalibnt  Lod^e,  (Mi^ltonham. 
1S<W.  *BKMM  Is\vr  LowniiAx.     Tho  Hall,  W«-liiii«rton,  Co.  Durham. 
1871.    *Bi»ll,  J.  Curtor,  F.(1.S.     (1lieadlo,  Chrxhire. 
1HW.   tBoll,  John  Pearson,  M.]>.      Waverlt-y  Hou-.>,  Hull. 
[Bell,  I*.     (iu»»en'.H  ('olle^o,  Kinjrslon,  ('ana'la. 
BULL,  TIIUM  vs,  K.l».S.,  F.L..S.,  F.d.S.     The  Wakes,  iSelborne,  near 

Alton,  llant-*. 

*Boll,  Thomas.     The  ?>linorie«,  Je^inond,  Xo \vcastle-on-Tync. 
1S(>7.  tBell,  Thomas.     Behnonl,  Dundee. 

1842.     Bellhou^e,  lulwanl  Tnylor.     K^iile  j'oundry,  rSFaiU'lu-stor. 
18.">4.   JHellhouso,  William  J)aw-on.      1  Park-stn»et,  Leod«. 
JJellin^rham,  Sir  Man.     Cattle  Bellinnhaiu,  Iivlfiiul. 
1800.   *BKLPI:K,  The  Jii-ht   Hon.   Lord,  M.A.,  D.C.L.,  F.R.S.,  F.G.S.     88 

Katon-sf|unre,  London,  S.\V.  ;  and  Kinii^ton  Hall,  Derby. 
18(>l.   *B(indyshe,  T.     S  Adeh>hi-terrace,  Strand.  London,  W.C. 

1870.  JBKNXKrr,  Ai,Fin:i>  W.,  M  A.,  B.St-^  F.L.S.      0  Park  Village  East, 

Ko»'ent\  Park,  London,  N.  W. 

1871.  §Benneti,  F.  J.      1-  llillnmrten-rond,  Camden-rond,  London,  !N". 
]H38.  JBENNKI  r,  JOHN  HTIMIKS,  M.D.,  F.1J  S.K.,  Professor  of  Institutes  of 

Medicine  in  the  I'niveisity  of  J-dinburyli.     1  Gleniinlas-street, 

Kdinbuv^h. 

1870.  *Bonnett,  William.     100  Sha\v-sireef-,  Liverpool. 
1870.  *J?enn(»tt1  William,  juu.     Oak  Hill  Park,  Old  Swan,  near  Liverpool. 
1852.  *Be,nnoch,  Francis/   li)  Tavistock-sqnaro,  London,  W.C. 
1857.  t  Benson,  Charles.     11  Fitzwilliam-squaro  West,  Dublin. 

Benson,  Robert,  jun.     Fairficld,  Manchester. 
1848.  J  Benson,  Starling  F.G.S.     Gloucester-place,  Swansea. 
1870.  f  Benson,  W.     ^Vlresford,  Hants. 
1808.   (Benson,  William.    Fourstones  Court,  Newcastle-on-Tyne. 
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1848.  JBENTIIAM,  GEORGE,  F.R.S.,  Pres.  L.S.  25  Wilton-place,  Knights- 
bridge,  London,  S.W. 

1842.     Bentley,  John*     9  Portland-place,  London,  W. 

18G3.  §BENTLEY,  ROBERT,  F.L.S.,  Professor  of  Botany  in  King's  College. 
91  Alexandra-road,  St.  John's-wood,  London,  N.W. 

1808.  {BERKELEY,  Rev.  M.  J,,  M.A.,  F.L.S.    Si bbertoft, Market Ilarborougb. 

18G3.  :; Berkley,  C.     Marley  Hill,  Gateshead,  Durham. 

1848.  JBerrington,  Arthur  *V.  D.     Woodlands  Castle,  near.  Swan  sea. 

1806.  JBerry,  Rev.  Arthur  George.  Monyash  Parsonage,  Bake  well,  Derby  shire. 

1870.  J  Berwick,  George,  M.I).    00  Fawcett-strcot,  Sunderland. 

1802.  JBesant,  William  Henry,  INC. A.     St.  John's  College,  Cambridge. 

1805.  *BKSSKMF/R,  HENIIY.     Denmark-hill,  Camberwell,  London,  S.E. 

1858.  JBest,  William.     Levdon-tevrace,  Leeds. 

Bethmie,  Admiral,  6.B.,  F.R.G.S.     Balfour,  Fifeshirc. 

1859.  JBeveridge,  Robert,  M.B.     8(5  Kinpr-stroet,  Aberdeen. 

18G3.  JBewick,  Thomas  John,  F.G.S.     llnydon  Bridge,  Northumberland. 
*Bickerdike;  Rev.  John,  M.A.     St.  Mary's  Vicarage,  Leeds. 

1870.  §Bickertou,  A.  W.,  F.O.S.     The  IVnn,  Portswood,  Southampton. 
1808.  JBIDDKR,  GKOIIGK  PAUKKH,  C.J^.,  F.R.G.S.    ^4  Great  George-street, 

Westminster,  S.W. 

1863.  JBigger,  Benjamin.     Gateshead,  Durham. 

1864.  JBi^gs,  Robert.     17  Charles-street,  Bath. 

1855.  J Billings,  Robert  William.   4  St.  Mary  Vroad,  Canonbury,  London,  N. 
Bilton,  Rev.  William,  M.A.,  F.(  J.S.  'United  University  Club,  Suffolk- 
street,  London,  S.W. ;  and  Cliislehurst,  Kent. 

1842.     BINNEY,  ED WAHD  WILLIAM,  F.R.S.,  F.G.S.    40  Cross-street,  Man- 
chester. 

Birch  all,  Henry.     Tolle^e  TTou?o,  Bradford. 
Birchall,  Edwin.     Airedale  C'liiK,  Newley,  Leeds. 
I860.  *Kirkhi,  Richard.     Asliloy  Hall,  near  Nattingham. 

*JHrks,  Itev.  Professor  Thomas  Rawson.     Trinity  College,  Cambridge. 
1^42.  *Birley,  Richard.     Seedley,  IVndleton,  Manohi'ster. 
1841 .  *J^iiiT,  WILU  VM  RADCIJFF,  F.R.A.S,   Cynthia-villa,  Clarendon-road, 
Wallhanifltow,  London,  X.E. . 

1871.  *BrsrTTOF,  (jJrsTAV.,  Professor  of  Terhnical  Chemistry  in  the  Ander- 

sonian  University,  (ilosgow.     234  George-street,  Glasgow. 
1808.   J Bishop,  John.     Thoqic  Hamlet,  Norwich. 
18f)().   j Bishop,  Tliomas.     33ramcole,  Nottingham. 

1800.  JBlarkall,  Thomas.     L45  Southernhay,  Exeter. 

lilackbumo,  Rev.  John,  M.A.     Yarmouth,  Isle  of  Wight. 
Blackburne,  Rev.  John,  jun.,  IM.A.     Rectory,  Horton,  near  Chip- 
penham. 

1850.  JBlackie,  John  Stewart,  Professor  of  Greek.     Edinburgh. 

1855.  *BLACKIK,  W.  G.,  Ph.D.,  F.R.G.S.     17  Stanhope-terrace,  Glasgow. 

1870,  JBlackmore,  W.     Founder's-court,  Lothbury,  London,  E.C. 

*BLACKWALT,,  Rev.  JOHN,  F.L.S.  llcndve  Ilbuso,  near  Llannvst,  Den- 
bighshire. 

1803.  JBladen,  Charles.     JaiTOw  Iron  Company,  Newcastle-on-Tyne. 

186.3.  JBLAKK,  C.  CARTKI^,  Ph.D.,  F.G.S.      170  South  Lambeth-road,  Lon- 
don, S.W. 

1840    *BLAKE,  HENRY  WOTJ.ASTOX,   M.A.,  F.R.S.    8  Devonshire-place, 
Portland-place,  London,  W. 

1840.  *Blake,  William.     Bridge  House,  South  Pcthcrton,  Somerset. 

3845.  JBlakesley,  Rev.  J.  W.,  B,D.     Ware  Vicarage,  Hertfordshire. 

1801.  §Blakiston,  Matthew.     Mobberley,  Ivnutsford. 

*131akiston,  I'eyton,  M.D.,  F,R.'S.    Wanior-square,  St.  Leonard's- 
on-Sea. 
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1868.  JBLANC,  HENRY,  M.D.    9  Bedford-street,  Bedford-square,  London, 

*BLOMKFIKLD,  llcv.  I/KONAUD,  M.A.,  F.L.S.,  F.G.S.     lOBelmont, 

Bath. 
I860.  JBlandford,  W.  T.,  F.O.S.,  Geological  Survey  of  India,  Calcutta.    (12 

Keppel-street,  Uusscll-sfpiare,  London,  W.U.) 
Blau^haro!,  William,      Kedcar, 
Blore,  Kdward,  LL.D.,  F.H.S.,  F.8.A.     4  Manehester-soiutre,  Lon- 

don, W.  A        ' 

1S70.   fBlundell,  Tliomas  Weld.     Ince  Blmnlell  Kail,  Great  Crosby,  Lan- 

cashire. 

1.S50.   {Blunt,  Sir  Charles,  Bart.     IlealhfieM  Park,  Sussex. 
}  Blunt,  Cupt.  Richard.     Brotlands,  Chertsey,  Surrey. 
h,  B.  lla  ' 


Blyth,  B.  llall. 

IHoO.   J  Blyth,  John,  M.I).,  Professor  ot'Chonusiry  in  Quwn's  College,  Cork. 
l^r>8.   *lUythet  William.     Holland  Bank,  near  Aecringtou. 
1^70.  JBoardman,  lid  ward,     (ineon-istroel,  Norwich. 

Boaso,  Charles  \V.     25  Druinniond-plaer,  Edinburgh. 
IS45.  JBodmer,  llodolpli<\     Xew]>ort,  Monmouthshire. 
1H<V4.   jBojjrg,  J.     Loath,  Lincolnsliire. 
180l>.   ^Bogo;,  Tliomas  Wt'invs^.     I.outli,  Lincolnshire. 
1859.  *BOHN,  llKxiiY  (J.,  KL..S.,  F.1I.A.S.,  F.li.G.8.      Xorth  Enu  House, 

Twickenham,  London,  S.W. 
1871.  §Bohn,  Mrs.     North-end  Housi'  /Twickenham. 

1859.  }  Bolster,  llev.  Prchciuiary  John  A.     Cork. 

Bolton,  K.  L.     La\irt»l  Mount,  Aip:burth-road,  LivorpooL 
lft(>fi.   |P>ond,  BnnkR.     Low  Pavement,  Nottinj»h«im. 
18(>5.   |Boii(l,  Francis  T.,  M.I).     Hartley  Institution,  Southampton. 

Bond,  Henry  John  Hayes,  M.I).     Cambridge. 

1871.  §Bonney,  Rev.  Thomas  (  Jeurge,  M.A.,  F.S.A.,  F.(«.S.     St.  John's  Col- 

lege,  Cambridge. 

Bonoiui,  Ignatius.     :W5  Bland  ford-square,  London,  N.W. 
BONOMI,  JosKiMi.     ^oaue's  Museum,  J5  Lincohrs-Inn-iields.  Lou* 

don,W.C. 

1860.  J  Booker,  W.  II.     Cromwoll-terraep,  Nottingham. 
18()1.   §Booth,  James.     Elmfield,  Koeluhile. 

1835.  j  Booth,  llev.  James,  LL.D.,  F.K.S.,  RH.A.S.     The  Vicarage,  Stone, 

near  AAlesbnry. 

1801.    *  Booth,  John.      (Jreenbaiik,  Monton,  near  Manchester. 
1801.   *Booth,  AVilliam.     Ilolyhank,  Cornbrook,  .Manchester. 
]8()1,   *Borch«rdt,  r,ouis,^Ll).    Oxford  Chambers,  Oxford-street,  Manchester. 
1845).   JBoreham,  William  AV.t  K.K.A.S.    The  Mount,  I  La\  erhillj  Newmarket. 
18G»i.    JBorries,  Thtmdore.     Lovaiue-crescent,  Newca,stle-on-Tvne. 

*Bosfi-£»y,  Franc-is,  M.D.     31a\lield,  Oxford-road,  lied  Ilill,  Surrey. 
]3oswoirrn,  Kev.  JOSKPII,  LL.1).,F,K.S.,F.S.  A.,  M.K.I.  A.,  Professor 

of  Anglo-Saxon  in  the  University  of  Oxford.     Oxford. 
1867,  §Botly,  AViliiam,   F.S.A.     Salisbury  ->  ilia,  Hamlet-road,  Upper  Nor- 

wood, Jjondon,  vS.E. 
1858.  JBotterill,  John.     Bnrh^y,  near  Leeds. 

1872.  §  Bottle,  Alexander.     Dover. 

18(VS.  iBottle,  J.  T.     28  Nelson-road,  Great  Yarmouth. 

1871.  §BOTTOMLEY,  .TAMILS  THOMSON,  M.A.,  F.C.S.     The  College,  Glasgow. 

Bottomley,  William,     l^orbreda,  Belfast. 
1850.   JBouch,  Thomas,  O.K.     Oxford-terrace,  Edinburgh. 
1870.  "fBoult,  Swinton.     1  Dale-street,  Liverpool. 
18(K).  §  Bourne,  Stephen.     Abberley  Lodge,  Hudstone-diive,  Harrow. 
1858.  jBousfield,  Charles,    Roundhay,  near  Leeds, 
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1808.  {Boulton,  \V.  S.    Norwich. 

1872,  §Bovill,    William    Edward,      20    James-streot,    Buckingham-gate, 
London,  8.W. 

1870.  §Bowor,  Anthony.     Bowerdalo,  Seaforth,  LiverpooL 
1867.  t  Bower,  Dr.  John.     Perth. 

1840.  *BOWEHBANK,  JAMKS  Sco FT,  LL.I).,  F.U.S.,  F.G.S.,  F.L.S.,  F.H.A.S. 
2  Da^t  Ascent,  St.  Leonard's-on-Sca. 

1856.  *Bowlby,  Miss  F.  E.     '21  Lamdowu-croHcent,  Cheltenham. 
1863.  jBowman,  U.  Benson.     Newca^tle-on-Tyne. 

Bowman,  William,  F.ll.S.     5  CliiUml-stivet,  London,  W. 

1860.  }  Howring,  Charles  T.     Elm^loitfli,  Princes'  Park,  Liverpool. 
1869.  jBowniNXf,  J.  C.     Larkbeare,  Exeter. 

1863.  JBowron,  Jmne^.     South  Stookton-ou-Tces. 

1863.  §Boyd,  Edward  Fenwick.     Moor  llouso,  n^ar  Durham, 

1871.  jBoyd/rhomas  J.     41  Moray-place,  lOdinbnrjili. 

Boylo,  Alexander,  ]\[.1!.1.A.      *'io  Coll<4»c  (Jreen,  Dublin. 

1865.  JBoYLK,  Key.  (I.  1).     Soho  Iloiwe,  ITaudsworlli,  Birmingham. 

Bnibant,  K.  II.,  M.D.     Bath. 

1869.  *13raby,  Frederick;  F.O.S.,  F.C.S.     Mount  IIimlt*y,  Sydenham  Hill, 

"«.K. 

1870,  §Braco,  Edmund.     17  Water-street,  Liverpool. 

Bracebriclnfo,  Charles  Holt,  F.K.G.S.     The  Hall,  Atherstouo,  A\'ar- 
wickshire. 

1872.  §BRvmmoo3v,  E.  W.,  F.S.A.,  Dir.  A.T.     28  Abingdon-stivct,  Wtsl- 

minstcr,  S.W. 

1801.  *Brad<haw,  William.     Oo  ^losley-^treet,  Manchester. 
1842.  *Bu\nY,  Sir  Axroxio,  F.CI.S.    '.Maryland  I'oint,  St  nit  lord,  Essex. 
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1S(>(^.   |Cunninp;t(m,  John.     08  Oakloy-K^naro,  JV'dfoixl  New  Town,  London, 

N  .  \\*  . 
3^07.  *Cur$etjee,  I\Fj\noekjee,  F.R.S.A.,  Judge  of  Ik>mbay.      Villa-Byculla, 

liombay. 

1857.  J  Curtis,  Protestor  Arthur  Hill,  LL.l).     0  Trinity  College,  Dublin. 
1SOO,   tCufins,  Rev.  F.  L.     20  Addison-stivet,  Xottinjrhaiu. 
18;J4.   *L1uthbert,  John  Richmond.     40  C'hnpel-stroet,  Liverpool. 
Cuthbcrtson,  Allan,      (ihisyow. 


JDajrliali,  John,     llet  ton,  Durham. 
1854.  IDiurlish,  Robert,  C.E.     Orivll  Cuttng-e,  near  Wigan. 
18(J3.  JDale,  J.  B,     South  Shields. 

1853.  JDale,  Rev.  P.  Steele,  >F.A.     llollhipfnrp,  Warrinjrton, 
18(*>5,  JDale,  Rev.  R.  W.     12  Calthorpe-street,  Birmingham. 
1807.  jDalgleish,  Dr.  O.     Newport,  Dundee. 
18(>7.  JDaljrleish,  Wr.     Dundee. 
1870.  JDalliiiffer,  Rev.  W.  II.     Greenfield-road,  Stoneycroft,  Liverpool. 

Dalmiinov,  Jame?,  F.R.S.E.     9  Forres-street,  Edinburgh. 
1850.   ^  Dairy  mpfe,  Charles  Elpliinstone.     West  Hall,  Aberdeenshire. 
1850.  JDalrymple,  Colonel.     Troup,  Scotland. 

1807.  *DALKYMPLK,  DONALD,  M.D.,  M.P.,  F.R.G.S.     Thorpe  Lodge,  Nor- 
wich. 
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Dalton,  Edward,  LL.D,,  F.S.A.     Dunkirk  House,  Nailsworth. 
1859.  \T>alij,  Lieut.- Colonel  H.  1). 

Dalziel,  John,  M.D.    Holm  of  Drunilanrig,  Thornhill,  Dumfriesshire. 
1862.  {Dauby,  T.  W,     Downing  Colljre,  Cambridge. 
18-">9.  {Dancer,  J.  B,,  F.  K.A.S.     Old  Manor  House,  Ardwick,  Manchester. 

1849,  *  Damon,  Joseph,  F.C.8. 

Danson,  William.     0  Shaw-street,  Liverpool. 

1850,  JDarbiahire,  Charles  James.     Rivington,  near  Ghorley,  Lancashire. 
1861.  *DABBLSIIIRK,  RonKKT  DuKiNFiKLi)',  B.A.,  F.G.8.     20  George-$tm»t, 

Manchester. 
1852.  \Darby,  llcv.  Jonathan  L. 

DARWIN,  CHABLKS  U.,  M. A.,  F.R.S.,  F.L.S.,  F.G.S.,  Hon.  F.R.S.E., 

and  M.R.I, A.,  Down,  near  Bromley,  Kent. 
18-48.  JDaSilva,  Johnson.      Burntwood,   Wandswortli   Common,   London, 

S.W. 

1872.  §Davenport,  John  T.     (>4  Marine  Parade,  Brighton. 
Davey,  Richard,  F.G.8.     Redruth,  Cornwall. 

1870.  }  Davidson,  Alexander,  M.D.     8  Peel-street,  Toxteth  Park,  Liverpool. 
1850.  JDavidson,  Charles.     Grove  Honse,  Auchmull,  Aberdeen. 

1871.  §  Davidson,  David.     Newbattle,  Dalkeith,  N.B. 
1859.  } Davidson,  Patrick.     Inchmarlo,  near  Aberdeen. 

1872.  §DAVIDSOX,  THOMAS,  F.H.S.,  F.G.S.     8  Denmark-terrace,  Brighton. 
1808.  JDavie,  Rev.  W.  C.     Cringleford,  Norwich. 

1803.  JDavies,  Griffith.     17  Cloudesley-street,  Islington,  London,  N. 
1870.  JDavies,  Edward,  F.C.8.     Royal  Institution,  Liverpool. 

Dftvics,  John  Birt,  M.D.     The  Laurel^,  Kdgbaston,  Birmingham. 
1842.     Davies-Colley,  Dr.  Thomas.     40  Whitefriars,  Chester. 

1870.  *Davis?  A.  S.  "  Roundhay  Vicarage,  Leeds. 

1864.  §DAVIS,  CHAHLES  R,  F.8.A.     55  Pulteney-street,  Bath. 
Davis,  Rev.  David,  B.A.     Lancaster. 

1856.  *DAVIS,  Sir  JOHN  FIIANCIS,  Bart.,  K.C.B.,  F.R.S.,  F.U.G.S.     Holly- 

wood, Westbury  bv  Bristol. 

1859.  {DAVIS,  J.  BARNARD,  M.I).,  F.R.8.,  F.S.A.     Shelton,  Staffordshire. 
1850.  *Davis,  Richard,  F.L.S.     0  St.  Helen's-place,  London,  E.C. 

1804.  §Davison,  Richard.     I3everley-road,  Great  DrilHeld,  Yorkshire. 

1857.  |Davy,   Edmund  W.,  M.I).      Kimmage  I^odge,    Roundtown,    near 

Dublin. 
1869.  }Daw,  John.     Mount  Radford,  Exeter. 

1869.  il)aw,  R.  M.     Bedford-circus,  Exeter. 

1854.  *Dawbarn,  William.     Elmswood,  Aigbnrth,  Liverpool, 
1859.   \Dawes,  Captain  (Adjutant  R.A.  Highlander*). 

Dawes,  John  Samuel,  F.G.S.     Lappel   Lodge,   Quiuton,   near   Bir- 
mingham. 

1800.  *Dawes,  John  T.,  jun.     Perry  House,  Quiuton,  near  Birmingham. 

1804.  $DAWKINS,  W.  I!OYD,  M.A.,  F.R.S.,  F.G.S,     Birchvicw,  Norman- 

road,  Rusholme,  Manchester. 

1805.  JDawson,  George,  M.A.     Shenstone,  Lichfield. 

*Dawson,  Henry.     Shu-le-Crow  House,  Keswick,  Cumberland.. 

1855,  JDAWSON,  JOHN  W.,  M.A.,  LL.D,,  F.R.S.,  Principal  of  M'Giil  Col- 

lege, Montreal,  Canada. 
Dawson,  John,     Barley  House,  Exeter. 

1859.  *Dawson,  Captain  William  G.    Plunistead  Common-road.  Kent.  S.E. 
1805.  Jl%,  Edward  Charles  H. 

1871.  JDay,  St.  John  Vincent.     100  Buchanan-fetreet,  Glasgow. 

1870.  §  Deacon,  G.  F.     Rock  Ferry,  Liverpool. 

1801.  J  Deacon,  Henry.     Appleton  House,  near  Wamngton. 
1870,  ^Deacon,  Henry  Waae.    King's  College,  London,  W.C. 
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1850.  }Dean;  David.     Banchory,  Aberdeen, 

1801.  }Dean,  llonry.     Colnc,  Lancashire. 

1854.  §DEANE,  HKXHY,  F.L.S.     Clapham  Common,  London,  S.W. 
1870.  "Deane,  Key.  George,  D.Sc.,  B.A.,  F.G.S.     The  Chestnuts,  Motley- 
road,  Birmingham. 
1800.  JDKBUS,  IlKiNiucii,  Th. I).,  F.R.S.,  F.C.S.     Lecturer  on  Chemistry 

at  Guy's  Hospital,  London,  S.K. 
18.54.  *DK  LA   RUE,  WARRKN,  D.C.L.,  Ph.D.,  F.B.S.,  F.C.S.,  F.K.A.S. 

Cranford,  Middlesex;  and  Reform  Club,  London,  S.W. 
1870,  JDe  Meshin,  Thomas.     5  Fig-tree-court,  Temple,  London,  E.C. 
Denchar,  John.     Morningside,  Edinburgh. 
Denison,  Sir  William  Thomas,  K.C.B.,  Col,  R.E.,  F.R.S.,  F.R.Ci.S., 

li>ast  Brent,  AVeston-super-Maro,  Somerset. 
*l)ent,  Joseph.     Ribston  Hall,  AVetherbv. 

Dent,  William  Yerburv.     Royal  Arsenal,  Woolwich,  S.E. 
1870.  *Denton,  J.  Bailoy.     ¥2  \Yhitehall-placo,  London,  S.W. 
1800.  *DEKUY,  The  Right  Hon.  The  Earl  of,  LL.l).,  F.R.S.,  F.R.CI.8.   23  St. 
Jamos's- square,  I  Condon,  S.  W. ;  and  Knowsley,  near  Liverpool. 
De  Saumarez,   Jlev.  IIa\illand;  M.A.     St.  Peter's  Rectory,  North- 
ampton. 

1870.  JDemnond,  Dr.     44  [nine-street,  Ed«re  Hill,  Liverpool. 
1808.  JDes.^,  Ktheldred,  M.B.,   F.1J.C.S.     4o  Kensington  Gardens-square, 

Bays  water,  London,  W. 
DK  TABLKY,   (IKOIIGK,   Lord,   F.X.S.       Tabley   House,  Knutsford, 

Cheshire. 
1800.   JDKVON,  The   Right  Hon.  The    Kail   of.      Powderham  Castle,  near 

Kxeter. 

*l>KVoNMinn;,  WILLIAM,  Duke  of.  K  G.,  M.A.,  LL.D.,  F.R.S.,  F.CJ.S., 
K.l'.CJ.S.,  Chancellor  of  the  University  of  Cambridge.  Devon- 
shire House,  Piccadilly,  London,  W. ;  and  Chalsworth,  Derby- 
shire. 

18(>8.   ^DKWAII,  J  \MKS.     Chemical  Laboratory,  The  University,  Edinburgh, 
187l>.   §Dewick,  Kev.  E.  S.     Tho  College,  Kas't})ounie,  Sussex." 
1858.    }Dibb,  Thomas  Townend.     lattle  Woodhouse,  I^eeds. 
1870.   J7)iVAr/M,  Colonel  C.  H. 

1852.  JDJCKIK,  GKonr,K,  M.A.,   M.D.,  F.L.S.,  Professor  of  Botany  in  the 

Univei>ity  of  Aberdeen. 
1804.   *l)ickinson,  F.  11.,  F.G.S,     Kingweston,  Somerton,  Tnunton  ;  and  121 

St.  George "s-square,  l^ondon,  S.W. 

1S().°i.   {Dickinson,  (i.  T.     Cliuvmont-place,  Newrastle-on-T\ne. 
1H<H.   *  Dickinson,  William  Leeson     1  St.  Jnmea's-strei^t,  Manchester. 
18(>7.  §I)R-KSON,  ALKXANPKH,  M.D.,  Professor  of  Botany  in  the  University  of 

(Glasgow.     The  College,  (Uosprow. 

18(>S.  {Dickson,  J.  Thompson.     o.'J  Hurley-street,  London,  W. 
J8M.   *Diekson,  William,  F.S.A.,  C'lerk  of  the  Peace  for  Northumberland. 

Almviek,  Northumberland. 

1802.  *DILKK,  Sir  CIIAHLKS  WJKNTWOHTII,  Bart.,  M.P.      70  Slonne-street, 

London,  S.W. 
1848.  jDiLLWvx,  LEWIS  LLKXVELYX,  M.P.,  F.L.S. ,F.(i.S.     I'aikwern,  near 

Swansea. 

1872.  §  Dines,  Cieorge.     (Jrosveuor-road,  London,  S.W. 
180!>,  ifDinjjrle,  lOdward.     10  King-street,  TaA  istock. 
1850.  *l)inxle,  llev.  J.     Lanchester  Vicaragv,  Durham. 
18:J7.     DIIICKS,  HKNHY,  C.M.  LL.D.,  F.C.S.     48  Cliaiingf-cioss,  London, 

S.W. 
1808.  ^DITTMAR,  W.     Tho  ITnivcmty,  Edinburgh. 

1853.  JDixoii,  Edward,  M.lnst.C.E.    'Wilton  House,  Southampton. 
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1865.  {Dixon,  L.    Hooton,  Cheshire. 

1801.  {DixoN,  W.  HKrwoiirn,  F.S.A.,  F.R.G.S.     G  St.  James's-terrace, 

London,  N.W. 

*Dobbin,  Leonard,  M.ll.I.A.     27  Gardiner  Vplace,  Dublin. 
1851.  {Dobbin.  Orlando  T.,  LL.T).,  M.R.I.A.     Ballivor,  Kells,  Co.  Meath. 
1860.  *Dobbs,  Archibald  Edward,  M.A.     Richmond-road,  Ealius,  Mid- 

dlesex. 

1864.  "Dobson,  William.     Oakwood,  Bathwick  Hill,  Bath. 

Dockray,  Benjamin.     Lancaster. 

1870.  *l)odd,  John.    9  ('anuin^-place,  Liverpool. 
1857.  JDodds,  Thomas  W.,  C.K.     Rothorham. 

*Dods  worth,  Benjamin.     Burton  Croft,  York. 

*Dodsworth,  Georfiv.     Clifton-grove,  near  York. 

Dolphin,  John.     IVlves  House,  Berry  Kd^e,  near  Gnteshead. 
1851.  {Domvile,  William  0.,  F.Z.S.     Thorn  Ililf,  Bray,  Dublin. 
1807.  {Don,  John.     The  Lodge,  Brouglity  Ferry,  by  Dundee. 
18o7.  JDon,  William  G.     yt.  Margaret's,  "Bro\i«rhty  Ferry,  by  Dundot*. 

*l)onisthorpe,  George  J']dmund.     jielveden*,  Harruwgate,  ^'orkshin*. 
18(>U   JDonisthorpc,  G.  T.     St.  David's  Ifill,  Kxetor. 
LS71.  JDoNKix,  AiiTiii/n  SCOTT,  M.D.,  Lecturer  on  Forensic  Medicine  ut 

Durham  University.     Sunderland. 

18(31.  JDonnelly,  Captain,  U.K.     South  Kensington  ^fuseum,  London,  W, 
1857.  *DONNELLY,  WILLIAM,  C.B.,  Registrar-General  for  Ireland,    o  Henri- 

etta-street, Dublin. 

1857.  JDonoyan,  M.,  M.R.I.A.     Clare-street,  Dublin. 
1867.  JDougall,  Andrew  Maitland,  R.N.     Scotscraig,  Tayport,  Pifeshire. 

1871.  JDougall,  John,  M.D,     2  Cec-il-place,  Paisley-road,  Glasgow. 

1803.  *Doughty,  0.   Montagu.     /3  Gloucester-place,  Portman-square,  T/on- 

don,  W. 

1855.  §DovK,  IIKCTOR.    Rose  Cottage,  Trinity,  near  Edinburgh. 
1870.  |T)owie,  J.  M.     Wal^tones,  A\'<j>t  Kirby,  Liverpool. 
Down  all,  Rev.  John.     Okehampton,  Devon. 

1857.  JDowNixa,  S.,  LL.D.,  Professor  of  Civil  Engineering  in  the  Unh  rrsity 

of  Dublin.     Dublin. 

1872.  *Dowson,  Edward,  M.I).     117  Park-street,  London,  W, 
]8f>5,  *l)owson,  E.  Theodore.     GeMestone,  near  Becrl^,^,  fSuilblk. 
1801).   $  Drake,  Frauds,  X\(f.S. 

Drennan,  William,  M.R.I.A.     fto  North  Cumberland-stivet,  Dublin. 
18(>8.  §DRE«HEII,  HENKY  E.     'J'he  Firs,  South  Norwood,  Surrey. 
18(39.  §Drew,  Joseph,  F.O.S.     Weymouth. 

1865.  JDrew,  Robert  A.  G  Stanley-place,  Duke-fitroot,  J?rough  ton,  Manchester. 
187^.  *Druce,  Frederick.     i?7  Oriental-place,  Brighton. 

Drtiramond,  11.  Home,  F.R.S.E.     l^lair  Drummond,  Stirling. 

1858.  {Drummond,  James.     Greenock. 

1850.  {Drummond,  Robert.     17  Stratton-street,  I^ondon,  W. 
18(H>.  *Dry,  Thomas.     23  Gloucester-road,  Regent's  Park,  London,  N.W. 
186-3,  {Dryden,  James.     South  Ben  well,  Northumberland. 
1870.  §Drysdaie.  J.  J.,  M.D.     3«  A  Rodney-street,  Liverpool. 
1850.  *DuciR,  HKNIIY  Jorm  RKYNOLDH'MOHKI'ON,  Earl  of,  F.R.S.     ](> 
Portman-.square,  London,  W.  ;  and  Tortworth  Court,  Wotton- 


1870.  {Duckworth,  Henry,  F.L.S.,  F.G.S.     5  Cook-atreet,  Liverpool. 
1807.  *DUFF,  MOUNSTUAHT  EPJIINSTONE  GRANT-,  LL.15.,  M.P.    4  Queen's 

Gate-gardens,  South  Kensington,  London.  W.  :  and  Eden,  near 

Banff,  Scotland. 
1852.  {Duflerin,The  Rt  lion,  Lord.   Hi  ghgate,  London,  N.  ;  and  Clandeboye, 

Belfast. 
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185i).  *J)uncan,  Alexander.     7  Princes-gate,  London,  S.AV, 

]8oi).  }  Duncan,  Charles.     52  Union-place,  Aberdeen, 

180(5.  *Dimcan,  James.    71  Cromwell-road,  South  Kensington,  London,  \V, 

Duncan,  J.  F.,  M.D.     8  Upper  Merrion-street,  Dublin. 
1871.  I  Duncan,  James  Matthew,  M.D.     30  Charlotte-square,  Edinburgh. 
18(37.  §DUNCAN,  PKTKH  MAIITIX,  M.D.,F.R.S.,  F.G.S.,  Professor  of  Geology 

in  King's  College,  London.     40  Blessington-road,  Lee,  S.E. 
Dunlop,  Alexander.     Clober,  Milngavie,  near  Glasgow. 
185,'i.   *Duuloj>,  AVillium  Henry.     Annan-hill,  Kilmarnock,  Ayrshire. 
1XU5.  §Dunn,  David.     Annet  House,  Skelmorlie,  by  Greenoek,  N.B. 
1802.   §Drxx,  ROBKRT,  F.R.C.S.    31  Norfolk-street,  Strand,  London  W.C. 
Dimnington-Jeiierson,  Key.  Joseph,  M.A.,  F.C.P.S.     Thicket  Hall, 

York. 

1851).  JDuns,  Rev.  John,  F.R.S.E.      4  Xorth  Mansiou-1  louse-road,  Edin- 
burgh. 

!<>:?.  | Danville,  William.     Kielimond  Lodge,  Belfast. 
IHIIO.   JDuprey,  Perry.     Woodbury  Down,  Stoke  Xewin^'lon,  London,  X. 
]X01).    (D'lJrban,  Wl   S.   M.,  F.L.S.       4    Queen-terrace,    Mount   Kadford, 

Exeter. 

1^00.   { DURHAM,   ARTHUR  EDWARD,  F.1J.(\.S,,   F.L.S.,   Demonstrator   of 
Anatomy,  (iiiy's  Hospital,     8^  Brook-street,  Grosvenor-square, 
London,  W. 
1857,  JDwyer,  Henry  L.,  M.A.,  M.B.     07  Upper  Sackville-street,  Dublin. 

Dykos,  Robert.     Kilmorie,  Torquay,  Devon. 
1800.  JDymond,  Edward  E.     Oaklands,  Aspley  Guise,  AVoburn. 

18(>8    Jlvxde,  Peter,  M.D.     Upper  St.  (iiles's-street,  Norwich. 
1^51.  jEadson,  Richard.     13  Hyde-road,  Manchester. 
1K<»4.    1  Rarle,  Rev.  \.      Herlory,  Monk  ton  Earleigh,  Bath. 

Etirlf,  Charles,  F.Gt.N. 

*EVUXSHAAV,  Roy.  SAMUEL,  M.A.     Broomfield,  Shellield. 
1^71,   *Kaston,  Edward.     23  Duke-street, Westminster,  S.W. 
]*(53.   §Eastoii,  James.     Nest  House,  near  Gateshead,  Durham 

Eaton,  Rev.  (Jeorge,  M.A.     The  Pol*1,  Xorthwieh. 
J870.   \  Katon,  Richard.     North  3Iymms  Park,  Hatfield,  Herts. 

Ebdon,  Rev.  James  Coilott,  M, A.,  F,R, A.S.    Great  Stuk(jley  ATicarage, 

Huntingdonshire. 

]H(57.  jEekersley,  James.     Leith  Walk,  ICdinburgh. 
18(51.   tKeroyd,  William  Fairer.     Spring  Cottage,  near  Burnley. 
1H5S.  *  Eddison,  Eraneis.     Bl  a  milord,  Dorset. 
1870.  *Eddison,  ])r.  John  lulwin.     2U  Park-square,  Leeds. 

*Kddy,  James  Ray,  E.(}.S.     Carleton  Grange,  Skipton. 

Etloi*i,  Thomas.    "Talbot-road,  Oxton. 
*EI>«!KWORTH,  Mi<'ii\r.L   P.,  E.L.S.,   F.R.A.S,      Mast  rim  House, 

Anerley,  London,  S.E. 

1^50.  jEdmiston,  Robert.     Elmbaiik-cro^cent,  (ilasgow. 
I  Sot).   JEdmond,  James.     Cardens  Haugh,  Aberdeen. 
1870.  *  Edmonds,  F.  B.     8  York -place-,  Northam,  Southampton, 
1H(57.   *  Ed  wai-d,  Allan.     Fanngton  Hall,  Dundeo. 
1S(')7.  §  Edward,  Charles.     Chambers,  8  Bank-street,  Dundee. 
]S07.   |  Edward,  James.     Balruddery,  Dundee. 

Edwards,  John.     Halifax. 

1S.V).  *EDWAKDS,  Professor  J.  B  A  ICKR,  Ph.D.,  D.(XL.     ^fontreal,  Canada. 
JS07.  towards,  AVilliam.     70  Princes-street,  Dundee. 

*EGEKTON,  Sir  PHILIP  DE  MAI-VAS  GREY,  Bart.,M.l\,  F.R.S.,  F.G.S. 

Oulton  Park,  Tnrporley,  Cheshire. 
1859.  *Eisdale;  David  A.,  M,A,    3^8  Dublin-street,  Edinburgh, 
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1855.  J  Elder,  David.     19  Paterson-street,  Glasgow, 

1858.  J  Elder,  John.     Elm  Park,  Go  van-road,  Glasgow. 

18(38.  §El#er,  Thomas  Gwyn  Empy,  F.R.A.S.     St.  Mary,  Bedford. 

Ellacombe,  "Rev.  H.  T.,  F.S.A,     Clyst,  St.  George,  Topsham,  Dc\on. 
18G3.  {Ellenberger,  J.  L.     Worksop. 
1855.  §Elliot,  Robert,     Wolfeloc,  llawick,  N.B. 

1861.  *ELLTOT,  Sir  WALTER,  K.S.I.,  F.L.S.     Wolfelee,  llawick,  N.B. 
1864.  tElliott,  E.  B.     Washington,  United  States. 

1872.  §Elliott,  llev.  E.  B.     11  Sussex-square,  Kemp  Town,  Brighton. 

1862.  §Elliott,  Frederick  Henry,  M.A.     449  Strand,  London,  W.C. 

Elliott,  John  Fogg.     Elvet  Hill,  Durham. 

1859.  JELLis,  HENIIY  S.,  F.R.A.S,     Fair  Park,  Exeter. 

1864.  *Er/Lrs,  ALKXANDKR  Jonx,  B.A.,  F.H.S.   25  Argyll-road,  Kensington, 

London,  W. 

1864.   *  Ellis,  Joseph.     Hampton  Lodge,  Brighton. 
1804.  §  Ellis,  J.  Walter.     High  House,  Thornwaite,  Ripley,  Yorkshire, 

*Ellis,  llev.  Robert,  A.M.     The  Institute,  St.  Saviour's  Gate,  York. 
1869.  {Ellis,  William  Horton.     Pennsylvania,  Exeter. 

Ellman,  llev.  E.  B.     Berwick  Rectory,  near  Lewes,  Sussex. 

1862.  tFlpliinstone,  II.  W.,  M.A.,  F.L.S.     C'adopan-place,  London,  S.W. 

Eltoft,  William.    Care  of  J.  Thompson,  Esq.,  30  New  Cannon-street, 
Manchester. 

1863.  JEmbleton,   Dennis,    M.LX      Northumberland-street,   Newcastle-on- 

Tyno. 

1863.  {Emery,  Rev.  W.,  B.P.     Corpus  Christ!  College,  Cambridge. 
1858.  jEmps^n,  Christopher.     Brainhopo  Hall,  Leeds. 

1860.  JEniield,  Kichard.     Low  Pavement,  Nottingham. 
1866.  JEnfield,  William.     TJOW  Pavement,  Nottingham. 

1871.  tHng^lson,  T.     11  Portland-tt^rrace,  Ropcnl*s  Park,  London,  N.W. 
1853.   jEuglish,  Edgar  Willdns.     Yorkshire  Banking  Company,  Lowgate, 

Hull. 
1869.  §  English,  J.  T.     Stratton,  Cornwall. 


ENNISKILLKX,   WILLIAM   WiLLorannY,   Earl  of,  D.C.L.,  F.R.S., 
M.  U.I.A.,  F.fi.S.     26  Eaton-place,  London,  S.W.  ;  and  Florence 
C'ourt,  Fermanagh,  Ireland. 
1869,  JEnsor,  Thomas.     St.  Leonards,  Exeter. 
1869.  *Enys,  John  Davis.     Canterbury,  New  Zealand.    (Care  of  J.  S.  Enys, 

Esq.,  Enys,  Penryn,  Cornwall,) 

*Enys,  John  Samuel,  F.G.S.     Enys,  Pem^n,  Cornwall. 
1844.  JErichsen,  John  Eric,  Professor  *of  Clinical  Surgery  in  University 
College,  London.     1)  Cavendish-place,  London,'  W. 

1864.  *Eskrigge,  11.  A.,  F.G.S.    G  17  Exchange-buildings  North,  Liverpool. 
3862.  *ESSON,  WILLIAM,  M.A.,  F.H.S.,  F.C.S.,  F.H.A.S.     MertonCollegc  j 

and  1  Bradmore-road,  Oxford. 
ICbtconrt,  Ticv.  W.  J.  B.     Long  Newton,  Tctbury. 

1869.  jKTirKiunaK,  BOIJKIIT,  F.R.S.E.,  E.G.  S.,  Paleontologist  to  the  Geolo- 

gical Survey  of  Groat  Britain.     Museum  of  Practical  Geology, 
Jenny  n-street;  and  19  Halsey-street,  Cadogan-place,  London, 
S,  \V. 
1855.  *  Euin  g,  William.     209  West  George-street,  Glasgow. 

1870.  *Evans,  Arthur  John.     Nash  Mills,  Hemel  Ilempstead. 

1865.  *EVANS,  Rev.  CHAIILTCR,  IM.A.    Solihull  Rector,  Birmincrliam. 
1872.  *Evnns,  Frederick  J.,  O.K.     Clayponds,  Brentford,  W. 


and  Nash  Mills,,  Hemel  Ilempstend, 
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1865.  }; EVANS,  SEBASTIAN,  M.A.,  LL.D.    Ilighgate,  near  Birmingham. 

18(H).  {Evans,  Thomas,  F.G.S.     Belper,  Derbyshire. 

1805.  *  Evans,  William.     Ellerslie,  Augustus-road,  Edgbaston,  Birmingham. 

Evauson,  11.  T.,  M.D.     Holme  Hurst,  Torquay. 
1871.  §Eve,  II.  W.     Wellington  College,  Wokingham,  Berkshire. 
1808.  *EVEHKTT,  J.  D.,  D.C.L.,  Professor  of  Natural  Philosophy  in  Queen's 

College,  Belfast.     Rush  in  ere,  Malone-road,  Belfast. 

180-3.  *Everitt,  George  Allen,  K.L.,  K.H.,  F.R.G.S.  Knowle  Hall,  War- 
wickshire. 

1850.  *Ewing,  Archibald  Orr;  M.P.  Ballikinrain  Castle,  Killearn,  Stirling- 
shire. 

1871.  *Exlcy,  John  T.,  M.A.     1  Cotham-road,  Bristol. 
1840.  *Eyre,    George    Edward,    F.G.S.,    F.R.G.S.      59  Lowndes-square, 

London,  S.W.  ;  and  Warren's,  near  Lyndhurst,  Hants. 
1800.  {EYHK,  Major-General  Sir  VIXCENT,  F.R.G.S.     Athenaeum  Club, 

Pall  Stall,  London,  S.W. 

Eyton,  Charles.     Ilendred  House,  Abinpdon. 
1810.  tKyton,  T.  C.     EUon,  near  Wellington,  Salop. 

1842.     Fairbaim,  Thomas.     Manchester. 

*FAIRBAIJIX,   Sir    WILLIAM,   Bart.,   C.E.,   LL.D.,    F.R.S.,    F.G.S., 
F.K.G.S.  Manchester. 

1800.  \Fairbank,  R.  F.,  M.A. 

1805.  jFairley,  Thomas.     Chapel  Allerton,  Leeds. 

1870.  jFairlie,  Robert,  C.E.     Woodlands,  Claphani  Common,  London,  S.Wr. 
1804.  J  Fullmer,  F.  IT.      Lyncombe,  Bath. 

Fannin,  John,  M.A.     41  Grafton-streot,  Dublin. 
1850.  JFarquharson,  Robert  O.     I  lough  ton,  Aberdeen. 

1801.  fFAiin,  WILLIAM,  M.D.,  D.(\L.,  F.R.S.,  Superintendent  of  the  Statis- 

tical Department,  General  Registry  Oillce.    Southlands,  Bickley, 
Kent. 

1800.  *FARIIAH,  Rev.  FIIKDICRICK  WILLIAM,  M.A,,  F.R.S.  Marlborough 
College,  Wilts. 

1857.  jFnrrelly,  Rev.  Thomas.     Royal  College,  Maynooth. 

1800.  *Faulconer,  R.  S.     Fairlawn,  Clarence-road,  Clapham  Park,  Tendon. 

1800.  jFaulding,  Joseph.     840  Euston-road,  London,  IS.W. 

1800.  tFaulding,  W.  F.     Didsburv  College,  Manchester. 

1850,  *FAAVCETT,  HKMIY,  M.P.,  Professor  of  Political  Economy  in  the  Vni- 
versity  of  Cambridge.  42  Bessborough-gardens,  Pimlico,  Lon- 
don, S.W. ;  and  8  Trumpington-street,  Cambridge. 

ISO.0).  jFawcus,  George.     Alma-place,  North  Shields. 

J8M8.     Fearon,  John  Peter.     Cucktiold,  Sussex. 

18-15.  JFelkin,  William,  F.L.S.     The  Park,  Nottingham. 

Fell,  John  B.     Spark's  Bridge,  Diversion,  Lancashire. 

1804.  §FELLOWKHT  FRANK  1\,  F.S.A.,  F.S.S.  8  The  Green,  Hampstead, 
London,  N.W. 

1802.  jFenton,  S.  Greame.     0  College-square,  and  Keswiek,  near  Belfast. 
1855.  J  Ferguson,  James.     Gas  Coal -works,  Lesmahago,  Glasgow. 

1850.  ^Ferguson,  John.     Cove,  Nigg,  Invemess. 

1871.  §  Ferguson,  John.     The  College,  Glasgow. 
1855.  \Fergmon,  Peter. 

1807.  §Ferguson,  Robert  M.,  Ph.D.,  F.R.S.E.     8  Queen-street,  Edinburgh. 

1857.  ^Ferguson,  Samuel.     20  North  Great  George-street,  Dublin. 

1854.  J Ferguson,  William, F.L.S.,  F.CJ.S.  2  St.  Aiden  s-terrace,  Birkenhead. 

18(57.  *Fergusson,  II.  B.     13  Airlio-placo,  Dundee. 

186i3.  *FEIINIK,  JOHN.     Ventnor,  Isle  of  Wight. 

1862.  {Ferrers,  Rev.  N.  M.,  M.A.    Cains  College,  Cambridge. 
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1868.  {Field,  Edward.    Norwich. 

Field,  Edwin  W.     36  Lincoln's-Inn-fields,  London,  W.C. 

1869.  *Field,  Rogers.     6  Canon-row,  Westminster,  S,W, 

Fielding,  G.  B.,  M.D.     Tunbridge,  Kent. 
1864  {Finch.  Frederick  George,  B.A.,  F.G.S.    21  Crooms-liill,  Greenwich, 

S.E. 

Finch,  John.     Bridge  Work,  Chepstow, 
Finch,  John,  jiin.     Bridge  Work,  Chepstow. 

1859.  JFiNDLAY,  ALTCXANDKR  GisowGK,  F.R.G.S.    53  Fleet-street,  London, 

E.G. ;  Dulwich  Wood  Park,  Surrey, 
1863.  JFinney,  Samuel.     Sheriff-hill  Hall,  Newcastle-upoii-Tyne. 

1868.  JFirth,  G.  W.  W,     St.  Giles Vstreet,  Norwich. 

Firth,  Thomas.     Northwick. 

1863.  *Firth,  William.     Burlev  Wood,  near  Leeds. 

1851.  *FISCHER,  WILLIAM  L.  F.,  M.A.,  LL.D,,  F.R.S.,  Professor  Mathema- 
tics iu  the  University  of  St.  Andrews,  Scotland. 

1858.  JFishhourne,  Captain  E.  G.,  R.N.  6  Welamere- terrace,  Padding- 
tort,  London,  W. 

1869.  JFisiiKR,  Rev.  OSMOND,  M.A.,  F.G.S.     Harlston  llectory,  near  Cam- 

bridge. 

1858.  fFishwick,  Henry.     Carr-hill,  Rochdale. 

1871.  *Fison,  Frederick  W.     Green  holme,  Burley  in  Whafl'dale,  near  Leed*. 
1871.  §FITCH,  J.  G.,  M.A.     o  Laucaster-terrace,  Regent's  Park,  London, 

N.W. 

1868.  jFitch,  Hubert,  F.G.S.,  F.S.A.     Norwich. 

1857.  {Fitzgerald,  The  lliglit  Hon.  Lord  Otho,  M.P.     13  Dominick-strect, 

Dublin. 
1857.  JFitzpatrick,  Thomas,  M.D.     31  Lower  Baprot-slruet,  Dublin. 

Fitzwilliam,  Hon.  George  Wentworth,  M.P.,  F.K.G.S.     li)  Grosvo- 
nor-square,  London,  vS.W.;  and  Wentwortli  House,  Rotherham. 
1865.  JFleetwood,  D.  J.     4o  Georjrc-street,  St.  Paul's,  Birmingham. 

Fleetwood,    vSir  Peter  lleskoth,  Bart.     Ko^all  Hall,   Fleetwood, 

Lancashire. 

1850.  } Fleming,  1'rofessor  Alexander,  M.D.     20  Temple-row,  Birmingham. 
Fleming,  Christopher,  M.D.     Merrion-squaro  North,  Dublin, 
Fleming,  John  G.,  M.D.     155  Bath-street,  Glasgow. 
*Fr/EMiNG,  WILLIAM,  M.D.     liowton  Grange,  near  Cheater, 
1807.  JFletcher,  Alfred  E.     21  Overton-street,  I^iverpool. 

1870.  §Fletcher,  B.  Edgington.     Norwich. 

1853.  tFLKTCHEB,  ISAAC,  F.H.S.,  F.G.S.,  F.Il.A.S,    Tarn  Bank,  \Vork- 

ington. 

1869.  §FLETCHKH,  LAVIXOTOX  EM  C.E.    41  Cooperation-street,  Manchester. 

Fletcher,  T.  B.  E.,  M.D.     7  Waterloo-street,  Birmingham. 

1862.  }FJ,OWEB,  WILLIAM  HENRY,  F.Pt.S.,  F.L.S.,  F.G.S.,  F.H.C.S.,  Ilun- 
terian  Professor  of  Comparative  Anatomy,  and  Conservator  of  the 
Museum  of  the  Royal  College  of  Surgeons.  Royal  College  of 
Surgeons,  Lincoln' s-Inn-h' elds,  London,  W.C. 

1807.  JFoggie,  William.     Woodville,  Maryfield,  Dundee. 

1854.  *FOBBKS,  DAVID,  F.R.S.,  F.G.S.,  l^.C.S.    11  York-place,  Portman- 

s^uare,  I^ondon,  W. 
]  855.  f Forbes,  Rev.  John.     Symington  Manse,  Biggar,  Scotland, 

1855.  JForbea,  Rev.  Jobn,  D.D.     150  West  Regent-street,  Glasgow. 

Ford,  H.  R.     Morecombe  Lodge,  Yealand  Congers,  Lancashire. 

1860.  {Ford,  William.    Hartsdown  Villa,  Kensington  Park-gardens  East, 

London,  W. 

*Forrest,  William  Hutton.    The  Terrace,  Stirling. 
1867.  JForster,  Anthony.    New/sham  Grange,  Winston,  Darlington, 
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1810.  *Forster,  Thomas  Emerson.     7  Ellison-place,  Newcastle-upon-Tyne, 
*Forster,  William.     Bally nure,  Clones,  Ireland. 

1858.  JForster,  William  Edward.     Burley,  Otley,  near  Leeds. 

1871.  JForsyth,  William  F.     Denhani  Green,  Trinity,  Edinburgh. 

18-54,  *Fort,  llichard.  24  Queen's-gate-gardens,  London,  AV.j  and  "Read 
Hall,  Whalley,  Lancashire. 

1870.  §Forwood,  William*  B.     Hopeton  House,  Seaforth,  Liverpool. 

18(55.   ] Foster,  Balthazar  W.,  M.D.     4  Old-square,  Birmingham. 

1805.  *FOSTKH,  CLF.MKXT  LK  NEVE,  D.Sc,,  F.G.S.  East  Hill,  Wands- 
worth,  I  Condon,  S.W. 

1H57.  *FOHTKII,  G  KOIM*  K  C.,  B. A.,  F.R.S.,  KC.S.,  Professor  of  Experimental 
Physics  in  University  College,  London,  W,C,  1^  llilldrop-road, 
London,  N.W. 

*  Foster,  Rev.  John,  M.A.     The  Oaks  Parsonage,  Loughboroiigh. 
1815.  |  Foster,  John  N.     Saiidv  Place,  Sandy,  Bedford^iire. 

1850.  *Fo.srKn,   MICIIAKL,   >f.A.,  M.D.,   F.L.S.     GKXKUAL  SErnKTARY. 

Trinity  C1()llej^o,  ( Cambridge. 
1850.  §Fo.srKii,  PKTKH  Li-:  NKVK,  M.A.    Society  of  Arts,  Adolphi,  London, 

18(?o.  J Foster,  Robert.     30  Rye-hill,  Nowcostle-upou-Tyuo. 

1^50:  "Foslor,  S.  Lloyd.     Old  Park  Hall,  Walsall,  Stailordsliire. 

18i2.    Fotherg-ill,   Benjamin.      10  The  Grove,  Boltous,  West  Brompton, 

T^ondoii. 

1870,  JFoulger,  Edward.     55  Kirkdale-road,  Liverpool. 
18i)0.  §  Fowler,  (Jeorge.     Basford  Hall,  near  Nottingham. 
18<>8.  {Fowler,  G.  G.     Gun  ton  Hall,  Loxvestoft,  Suffolk. 
18e56.  ]  Fowler,  Rov.  Hu'4-li,  M.A.     College-gardens,  Gloucester. 

1870.  *Fowler,  Robert  Nicholas,  M.A.,  M.P.,  1\R,G,S.  30  Cavendish-square, 

London,  W. 

Fox,  Alfred.     Penjorriok,  Falmouth. 
{Fox,  Colonel  A.  LANK,  F.G.S.,  K8,A,    10  Tpper  PhOlimore-garden?, 

Kensington,  London,  S.W. 
*Fox,  Cluirli's.     Trebah,  Falmouth. 

*Fox,  Rev.  l^dward,  M.A.     The  Vicarapro,  Romford,  Ivsex. 
*Fox,  Jose])h  llayland.     The  Cleve,  Wellington,  Somerset. 
(Fox,  Joseph  John.     Church-row,  Stoke  Is"ewinj?ton,  London,  X. 
Fox,  RoitEiir  WRRK,  F.R.S.     Falmouth. 

*  Francis,  G.  B.     71  Sioke  Newington-road,  London,  N. 

FRANCIS,  WILLI  vM,Ph.J>.,  F.L.S.,  F.G.S.,  F.R.A.S.  Red  Lion-court, 
Fleet-stivnt,  Jjondon,  E.O. ;  and  1  JYlatt?on.-\  illas,  Marsh-gate, 
Richmond,  Surrey. 

JFnANKLANP,  KinvAnn,  D.C.L.,  Ph.D.,  F.R.S.,  F.C.S.,  Professor  of 
Chemistry  in  the  Royal  School  of  Mines.     14  Lancaster-gate, 
London,  \Y. 
*Frankland,  Rev.  Marmadukt^  Charles.     Chowbent,  near  Manchester. 

Franks,  Rev.  .1,  C.,  I\l.A.     Whittlesea,  near  Peterborough. 
1850.   fFro&er,  (George  B.     X  Airlie-place,  Dundee. 
Fraser,  James.     ^5  Westland-row,  Dublin. 

Fraser,  James  William*     HA  Kensington  Palace-gardens,  London,  W. 
18(55.  *  FRASER,  JOHN,  M.A.,  M.D.     Chanel  Ash,  Wolverhanipton. 

1871.  §Fraser,  Thomas  R.,  M.D.,  F.R.S.L.     Grosvenor-place,  Edinburgh. 
18oU.  *Frazer,  Daniel.     113  Buchanan-street,  Glasgow. 

1871.  jFrazer,  Evan  L.  II.     Brunswick-terrace,  Spring  Bank,  Hull. 

1800.  JFreeborn,  llichard  Fernandez.    88  Broad-street,  Oxford. 

1847,  *Freeland,   Humphrey   William,  F.G.S.      West-street,   Chichester, 

Sussex, 
1871,  J Freeman. 
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1805.  {Freeman,  James.     15  Francis-road,  Edgbaston,  Birmingham. 
18G9.  JFRERE,  Sir  BARTLE,  F.R.G.S.     22  Princes-gardens,  London. 

Frere,  George  Edward,  F.R.S.     Royden  Hall,  Diss,  Norfolk. 
1869.  JFrere,  Rev.  William  Edward.     The  Rectory,  Bilton,  near  Bristol. 

Fripp,  George  D.,  M.D.     Barnfield  Hill,  Southampton. 
1857.  *Frith,  Richard  Hastings,  C.E.,  M.R.I.A.,  F.R.G.S.I.     48  Summer- 
hill,  Dublin. 

1860.  {Frodsham,  Charles.  26  Upper  Bedford-place,  Russell- square,  Lon- 
don, W.C. 

Frost,  Charles,  F.S.A.     Hull. 
1847.  JFrost,  William.   Wentworth  Lodge,  Upper  Tulse-hill,  London,  S.W. 

1860.  *FKOUDE,  WILLIAM,  C.E.,  F.R.S.     Clielston  Cross,  Torquay. 

Fry,  Francis.     Gotham,  Bristol. 

Fry,  Richard.     Gotham  Lawn,  Bristol. 

Fry,  Robert.     Tockington,  Gloucestershire. 
1863.  jFryar,  Mark,     Eaton  Moor  Colliery,  Newcastlc-on-Tyne. 
1872.  'Fuller,  Rev.  A.    Ichenor,  Chichester. 

1859.  JFULLEH,  FREDERICK,  M.A.,  Professor  of  Mathematics  in  University 
and  King's  College,  Aberdeen. 

1869.  ^FULLER,  GKORGK,  C.E.,  Professor  of  Engineering  in  University  Col- 

lege, London.     Argyll-road,  Kensington,  London,  W. 

1852.  JFurguson,  Professor  John  C.,  M.A.,  M.B.     Queen's  College,  Belfast, 
1804.  *Furneaux,  Rev.  Alan.     St.  Germain's  Parsonage,  Cornwall. 

*Gadesden,  Augustus  William,  F.S.A.     Ewoll  Castle,  Surre}-. 
1857.  JGages,  Alphonse,  M.R.I.A.     Museum  of  Irish  Industry,  Dublin. 
1863.  *Gainsford,  W.  D.     Handswovth  Grange,  near  Sheffield 
1850.  JGairdner,  Professor  W.  F.,  M.I).     225  St.  Vincent-street,  Glasgow. 

1861.  jGalbraith,  Andrew.     Glasgow. 

GALBRAITH,  Rev.  J.  A.,  M.R.I.A.     Trinity  College,  Dublin. 

1867.  JGale,  James  M.     33  Miller-street,  Glasgow. 

1863.  jGale,  Samuel,  F.C.S.     338  Oxford-slivet,  London,  W. 

1861.  ^Galloway,  Charles  John.     Knott  Mill  Iron  Works,  Manchester. 

1859.  \Gallmvay)  James.     Calcutta. 

1861.  JGalloway,  John,  jun.     Knott  Mill  Iron  Works,  Manchester. 

Galloway,  8.  JL     finback,  Austria. 

1860.  *GALTON,   Captain    DOUGLAS,  C.B.,  R.E,,  F.R.S.,  F.L.S.,  F.G.S., 

F.R.G.S.  (GENERAL  SECHKTARY.)  12  Chester-street;Grosvcnor- 
place,  London,  S.W. 

1860.  *GALTON,  FRANCES,  F.R.S.,  F.G.S.,  F.R.G.S.  42  Rutland-gate, 
Knightsbridge,  London,  S.W. 

1860.  t^ALTON,  JOHN  C.,  M.A.,  F.L.S.  13  Margaret-street,  Cavendish- 
square,  London,  W. 

1870.  §Gamble,  D.     St.  Helens,  Lancashire. 

1870.  *Gamble,  John  G.     Albion  Ifouso,  Rottingdoan,  Brighton. 

1868.  tGAMaKK,ARTiirn,M.D.,F.R.S.,F.K.S.K    1  Alva-btreet7Kdlnburgl>. 
1862    §GARNEB,  ROBKHT,  F.L.S.     Stokc-imon-Trcnt. 

1865.  §Garner,  Mrs.  Robert.     Stokc-upon-Trent. 
1842,     Garnett,  Jeremiah.     Warren-street,  Manchester. 
1870.  JGaskell,  Holbrook.    Woolton  Wood,  Liverpool. 
1870.  *Gaskeli,  Holbrook,  jun.     Mayfield-road,  Aigbnrth,  Liverpool. 
1847.  *Gaskell,  Samuel.    Windham*Club,  St.  Janiesrs-square,  London,  S.  W. 
1842.     Gaskell,  Rev.  William,  M.A.     Plymouth-grove,  Manchester. 
1846.  §GASSIOT,  JOHN  PETKII,  D.C.L.,  LL.D.,  F.R.S.,  F.C.S.     Clapham 
Common,  London,  S.W. 

1862.  *Gatty,  Charles  Henry,  M<A,,  FJv.S,,  F.G.S.    Felbridgo  Park,  East 

Grinsted,  Sussex, 


LIST  OF  MEMBERS.  20 

Yoar  of 
Election. 
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1861.  JHUMK,  Rev.  ABRAHAM,  D.C.L.;  LL.D.,  F.S, A.     All  Soul's  Viearagp, 

Rupert-lane,  Liverpool. 
1856.  {Humphries,  David  James.     1  Keynsliam-parado,  Clmltenhani. 

1862.  ^HUMPHIIY^  GKOHOK  MUURAY,  M.D.,  F.R.S.,  Profowor  of  Anatomy 

in  the  Universitv  of  Cambridge.     The  Leys,  Cambridge. 

1863.  *HUNT,  AUGUSTUS   ft.,  M.A,,  Ph.D.      Birtley  House,   Chcster-lc- 

Street,  Fence  HOTISOS,  Co.  Durham. 
1865.  Jllunt,  J.  P.     (Tospel  Oak  Works,  Tipton. 
1840.  JHuNT,  HOBEBT,  r.K.S.,  Keeper  of  the  Mining  liccords.     Miweum 

of  Practical  Geology,  Jermyn- street,  London,  B.W. 

1864.  JHunt,  W.     72  Pultcney-strcet/liath. 

Hunter,  Andrew  Gallowav.     Denholm,  Ilawfck,  N.B. 

1868.  JHunter,  Christopher.     Alliance  Insurance  OHice,  North  Shields. 
1867.  jHunter,  David.    Blackness,  Dundee. 

1860.  "Hunter,  Rev.  Robert,  F.G.S.     0  Mecklonburp-stroet,  London,  W.C. 

1859.  \ Hunter y  Dr.  Thomas,  Deputy  Inspector-  General  of  Army  Hospitals. 

1855.  *Hunter,  Thomas  O.     24  Forsyth-street,  Greenock. 
1863.  {Huntsman,  Benjaman.    West  Retford  Hall,  RetforcL 

1869.  §  Hurst,  George.     Bedford. 

1861.  *Hurst,  Wm.  John,    Drumaness  Mills,  Ballynahinch,  Lisburn,  Ireland. 
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1870.  Jllurter,  Dr.  Ferdinand.    Appleton,  Widnes,  near  Wamngton. 

Husband,  William  Dalla.     Coney-street,  York. 
1808.  'Hutchison,  Robert.     Carlowrie,  Kirkliston,  N.B. 

1863.  JIIuTT,  The  Right  Hon.  Sir  W.,  K.C.B.,  M.P.     Gib.side,  Gatesliead. 

Hutton,  Crompton.     Putney-park,  Surrey,  S.W. 

1864.  *IIutton,  Darn  ton.     (Care  of  Arthur  Lupton,  Esq.,  Ileadingley,  near 

Leeds.) 
18o7.  JHutton,  Henry  D.     10  Lower  Mount]  oy-stroet,  Dublin. 

Ilutton,  Henry.     Edenfield,  Dundrum,  Co.  Dublin. 
1801.  *Hutton,  T.  Maxwell.     Summerhill,  Dublin. 

185L>.  JHuxLKY,  THOMAS  HKNIIY,  Ph.D.,  LL.D,,  F.R.S.,  F.L.S.,  F.G.3., 
Professor  of   Natural  History  in  the  Royal  School  of  Mines. 
4  Maiiborough-place,  London,  N.W. 
Hyde,  Edwarrl.     Dukiniield,  near  Manchester. 

1871  .   *IIyett,  Francis  A.    1*3  Hereford-square,  Old  Bromptou,  London,  S.W. 
Hyett,  William  Henry,  F.K.S.     Pninswick,  near  Stroud,  Gloucester- 

shire. 
1847.  JHyndnian,  George  C.     5  Howard-street,  Belfast. 

Ihne,  William,  Ph.D.     Heidelberg. 

1801.  tiles,  Rev.  .T.  11.     Ructory,  Wolvorhampton. 
185H.  jlujrhain,  Henry.     AVortlev,  near  Leeds. 

1871.  JlxGLis,  The  Ri^ht  Hon.  Joirx,  D.C.L.,  LL.D.,  Lord  Justice  General 

of  Scotland.     Edinburgh. 

1858.  *Tngram,  Hugo  Francis  Meynell.     Temple  Newsam,  Leeds. 
1852.  JIxGBAM,  J.  K,,  LL.D.,  M.ft.L  A.,  Regius  Professor  of  Greek.    Trinity 

College,  Dublin. 

1854.  *IXMAN,  THOMAS,  M.D.     12  Rodney-street,  Liverpool. 
1870.   *Inman,  William.     Upton  Manor,  Liverpool. 

Ireland,  R.  S.,  M.D.     121  Stephen's-gn-eu,  Dublin. 
18o7.  J  Irvine,  Hans,  M.A.,  M.B.     1  Rutland-square,  Dublin. 
Irwin,  Rt3V.  Alexander,  M.A.     Armagh,  Ireland. 

1802.  JIsKLtN,  J.  F.,  M.A.,  F.G.S.     52  StocWoll-park-road,  London,  S.W. 
*lvoiy,  Thomas.     23  Walker-street,  Edinbiu*gh. 


1805.  J.Tabet,  George.     Wellington-road,  Ilandsworth,  Birmingham. 
1870.   }  Jack,  James.     20  Abeivromby-pquare,  Liverpool. 
1850.  §Jack,  John,  M.A.     Relhel  vie-by-  Whitecairna,  Aberdeenshire. 
18<>;5.  *Jackson-Gwilt,    Mrs.    II.       2-i    Hereford-  bC|uare;    (  Uoucester-road, 

Brompton,  London^  S.W. 
1805.   %  Jackson  j  JMtri/i. 

1800.  §Jackson,  II.  W.     Springfield,  Tooting,  Surrey,  S.W. 
1800.  §  Jackson,  Moses.     Tne  \'ale,  1'amsgate. 

Jackson,  Professor  Thomas,  LL.D.     St.  An  drew  V,  Scotland. 

Jacob,  Arthur,  M.D.     23  Ely-place,  Dublin. 
1852.  t  JACOBS,  BKTIIHL.     40  George  -street,  Hull. 
1807.  Matte,,  David  Joseph.     (Messrs.  Jalle  Brothers)  Belfast. 
1805.  *  Jaffray,  John.     Fark-grovo,  Birmingham. 
187^.  §  James,  Christopher.     8  Lauivnco  Pountney  Hill,  London,  E.G. 
1850.  J  James,  Edward.     0  Gascoyne-terraco,  Plymouth. 
1800.  t  James.  Edward  II.     D  Ga^coyne-ten-ace,  Plymouth. 

JAMES,  Colonel  Sir  HKNRY,  R.E.,  F.K.S./F.G.S.,  M.R.I.A.    Ord- 

nance Survey  Office,  Southampton. 
1863.  *  JAMES,  Sir  WALTER,  Bart.,  F.G.8.     0  Whitehall-gardens,  London, 

S.W. 

1858.  {James,  William  C.    9  Gascoyne-terrace,  Plymouth. 
]863.  tJameson^  John  Henry.    10  (Jatherine-terrace,  Gateshead. 


40  LIST  OF  MEMBERS. 

Year  of 
Election, 

1859.  *Jamieson,  Thomas  F.,  F.G.S.     Ellon,  Aberdeenshiro. 

1850.  (  Jardine,  Alexander.     Jardine  Hall,  Lockerby,  Dumfriesshire. 

1870.  (Jardine,  Edward.    Beach  Lawn,  Waterloo,  Liverpool. 

Jardine,  James,  C.E,,  F.R.A.S.     Edinburgh. 
* JABDINB,  Sir  WILLIAM,  Bart.,  RR.S.  L.  &'  E.,  P.L.S.     Jardine  Hall, 

Applegarth  by  Lockerby,  Dumfriesshire. 
1853.  *Jarratt,  Rev.  Canon  J.,  M.A.     North  Cave,  near  Brough,  Yorkshire. 

JAHRETT,  Rev.  THOMAS,  M.A,,  Professor  of  Arabic  iu  the  University 

of  Cambridge.    Tnmch,  Norfolk. 

1870.  §  Jarrold,  John  James.     London-street,  Norwich. 
1862.  (Jeakes,  Rev.  James,  M.A.     54  Argyll- road,  Kensington,  W. 

Jebb,  Rev.  John.     Peterstow  Rectory,  Ross,  Herefordshire. 
1868.  (Jocks,  Charles.     Billing-road,  Northampton. 
1842.  *Jee,  Alfred  S. 
1870.  (Jeffery,  F.  J.     Liverpool. 

1856.  (Jeffery,  Henry,  M.A.     438  High-street,  Cheltenham. 
1855.  *Jeflrav,  John.     193  St.  Yincent-stivot,  Glasgow. 

1807.  (Jeffreys,  Howel,  M.A.,  F.R.A.S.     5  Brick-court,  Temple,  E.C. ;  and 

25  Devonshire-place,  Portland-place,  London,  W. 

1801.  *  JEFFREYS,  J.  Gwvx,  F.R.S.,  F.L.S.,  F.G.S.,  F.R.G.S.      25  Devon- 

shire-place, Portland -place,  London,  W. ;  and  WTare  Priory, 
Herts. 

1852.  (  JKLLETT,  llev.  JOTTN  II.,  M.  A.,  M.R.L  A.,  Professor  of  Natural  Philo- 
sophy in  Trinity  College,  Dublin.  154  Upper  Lecsou-stroet, 
Drfblin. 

1842.     Jellicorse,  John.     Chaseley,  near  IJugeley,  Staffordshire. 

18(34.  (Jelly,  Dr.  W.     Paston  Hall,  noar  Peterborough . 

1802.  §JKNKIN,H.  C.  FLEJOIIX<S,  F.lt.S.,  Professor  of  Civil  Engineering  in 

the  University  of  Edinburgh.     5  Fettos-row,  Edinburgh. 
1804.  §JKNKTNS;  Captain  (TJUFFITII,  C.B.,  F.K.df.S.     Dorwin,  Welshpool. 
*Jenkyns,  Rev.  Henry,  D.J).     Tlie  C<)llog(%  Durham. 
Jemfetto,  Matthew.  *  10(5  Conway-fitroet,  JJirkenhcad. 
1852.   "f  Jennings,  Francis  JM.,  F.G.S.,  M.1\.I.A.     Brown-street,  Cork. 
1872.  §  Jennings,  W.     Grand  Hotel,  Brighton. 

J870.  ( Jerdon,  T.  0.     (Care  of  Mr.  II.  hCKing,  45  Pall  Mall,  London,  S.\V.) 
*Jen'aui,    I?ev.    S.    Jolin,  M.A.      Chobham    Vicarage,   Farnborough 

Station. 

]872.  §Jesson,  Thomas.     3  Clarendon-crescent,  Brighton. 
Jessop,  William,  jini.     Butterley  ITall,  Derbyshire*. 

1870.  MEVONS,  W.  STANLEY,  M.A.,  F.K.S.,  Professor  of  Political  Kconomy 
in  Owens  College,  Manchester.  Parsonage-road,  Writhing  ton, 
Manchester. 

1872.  *Joad,  George  C.     Patching,  Anmdel,  Sussex. 
1S71.  *  Johnson,  l)avid.     Trvon  Mlla,  Grosvcnor-road,  \Vrexhain. 
38GO.  §  Johnson,  John.     Knighton  Fields,  Leicester. 
1806.  §  Johnson,  John  G.     18A  Basinghall-street,  [.ondon,  E.C. 

1808.  (Johnson,  J.  Godwin.     St.  GiWs-Street,  Norwich. 
1872.  §Johnson,  J.  T.     27  Dale-street,  Manchester. 
18<>8.  ^Johnson,  Randall  J. 

1803.  (Johnson,  I*.  S.     Hanwell,  Fence  Houses,  Durham. 
1801.  (Johnson,  Richard.     27  Dale-street,  Manchester. 

1870.  §Johnson,  Richard  C.     Warren  Side,  Blundell  Sands,  Liverpool. 

*  Johnson,  Thomas.     The  Hormitage,  Frodshain,  Cheshire. 
1864.  (Johnson,    Thomas.       80    Belgrave-street,    Commcicial-road,   Lon- 
don, E. 

Johnson,  William.    The  Wynds  Point,  Colwall,  Malvera,  Worcester- 
shire. 
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1861.  (Johnson,  William  Beckett.    Woodlands  Bank,  near  Altrincham. 

JOHNSTON,    ALEXANDER    ROBEHT,    F.R.S.        Heatherley,    near 

Wokingham. 
1871.  (Johnson,  A.  Keith.    74  Strand,  London,  W.C. 

1864.  j  Johnston,  David.     L'3  Marlborough -buildings,  Bath. 

Johnston,  Edward.     Field  House,  Chester. 

1865.  "Johnston,  Ci.  J.     #4  Waterloo-street,  Birmingham. 
1859.  (Johnston,  James.    Newmill,  Klgin,  N.13. 

1804.  (Johnston,  James.      Manor   House,  Northend,    Hampstead,   Lon- 
don, N. 

*  Johnstone,  James.    Aloa  House,  by  Stirling. 
1864.  (Johnstone,  John.     1  Barnard-villas,  Bath. 
]864.  (Jolly,  Thomas.     Park  View-villas,  Bath. 
1871.  §  Jolly,  William  (II.  M.  Inspector).     Inverness. 


Jones,  Baynham.  Selkirk  Villa,  Cheltenham. 
Jones,  C.  W.  7  Gros\  enor-place,  Cheltenham. 
Jones,  Rev.  Henry  IT.  Cemetery,  Manchester. 
Jones,  John.  70  Rodney- street,  Liverpool. 


1856!  : 

1854. 

1H54. 

1864.  §.Tones,  Jolin,  F.Ci.S.     Royal  Kxehange,  Middlesborough. 

1865.  (Jones,  John.     40  Uniim-passnjre,  Birmingham. 

*  Jones,  Robert.     2  Castle-street,  Lh  erpool. 

]8«54.  *  Jones,  R.  L.     6  Simnyside,  Princes  Park,  Lh  erpool. 

1847.  (  JONKS,  TJI  OMAN  R\  M  K  R  ,  K.  R  .S. ,  1  'rofessor  of  Comparative  Anatomy  in 

King's  College.     oSJ  (Cornwall-road,  Westbounie  Park,  London, 

1860.  JJoNKS,  T.  RrpKHT,  F.R.S.,  F.CJ.S.,  Professor  of  Geology  and 
Mineralogy,  Royal  ^Military  and  Staff  College's,  Sandhurst.  5 
College -terrace,  York  Towii,  Surrey. 

1864.  § JONKR,  Sir  WiLi.oumniY,  Bart,  F.U.C i.S.  Cranmer  Hall,  Yakcnham, 
Norfolk. 

*  Joule,  Benjamin  SI.  John  B.     ^8  Leicester-street,  Southport,  Lan- 

cushire. 
1842.  *Jori-K,  JAMKS  PiiKsro rr,  LL.l).,  F.R.S.,  F.C.S.,  PIIKSIDKXT  ELKCT. 

5  Clill- point,  Higher  Broughton,  Manchester. 
1H72.  §Joy,  Algernon.     17  Parliament-street,  Westminster,  S.W. 

1848.  *Joy,  Rev.  Charles  Ashticld.     Grove  Parsonage,  near  Wantage,  Berk- 

shire. 
Joy,  Henry  Holmes,  LL.IX,  Q.C.,  M.R.I.A,      37  Mount  joy-square 

East,  Ihiblin. 
Joy,   Rev.   John   Holmes,    M.A.       X    Colonev-terrace,    Tunbridge 

Wells. 
18 17.  IJoWKTT,  Rev.  B.,  M.A.,  Regius  Professor  of  Greek  in  the  University 

of  Oxford.     Balliol  College,  Oxford. 
1858.  JJowett,  John,  jun.     Leeds. 

*  J  ubb,  Abraham.     I  lalifax. 

1870.  JJudd,  John  Wesley,  F.C^.S.     6  Manor-view,  Brixton. 
186*3.  J  Jukes,  Rev.  Andrew.     Spring  Bank,  Hull. 

18(>8.  *Kaines,   Joseph,   F.A.S.L.      8  Osborne-road,    Stroud    Green-lane, 

lionise  v. 
KANK,  Sir  lioBKiiT,  M.D.,  F.R.S.,  M.R.I.A.,  Principal  of  the  Boyal 

College  of  Cork.     61  Stej>hen's-<rreen,  Dublin. 
1857.  JKavanagh,  James  W.     Grenville,  Rath^ar,  Ireland. 
18ol).  jKay,  David,  F.R.G.S.      10  lTpper  Phillimore-place,   Kensington, 

Kay,  John  Cunliff.     Fail-field  Hall,  near  Skipton. 
*Kay,  John  Robinson,    Walmersley  House,  Bury,  Lancftshire, 
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Kay,  Robert.    Haugh  Bank,  Bolton-le-Moora. 
1847,  *Kay,  Rev,  William,  D.D.     Great  Leighs  Rectory,  Chelmsford. 

1856.  J  Kay-Shuttle  worth,  Sir  James,  Bart.     Gawthorpe,  Burnley. 
1855.  JKaye,  Robert,     Mill  Brae,  Moodies  Burn,  by  Glasgow. 
1872.  §Keames,  William  M.     5  Lower- rock-gardens,  Brighton. 
1855.   {Keddie,  William.     15  North-street,  Mungo-street,  Glasgow. 
18(>6.  JKeene,  Alfred.     Eastnoor  House,  Learning-ton. 

1850.  JKELLAND,  Rev.  PHILIP,  M.A,,  F.R.S.  L.  &  E.,  Professor  of  Mathe- 
matics in  the  University  of  Edinburgh.  20  Clarendon-crescent, 
Edinburgh. 

1864  *Kelly,  W.  M.,  M.D.     11  The  Crescent,  Taunton,  Somerset. 

1842.     Kelsall,  J.     Rochdale,  Lancashire. 

1864.  *Kemble,  Rev.  Charles,  M.A.     Vellore,  Bath. 

1853.  JKernp,  Rev.  Henry  William,  B.A.     The  Charter  House,  Hull 
1858.  JKemplay,  Christopher.     Leeds. 

1857.  ^Kennedy,  Lieut-Colonel  John  Pitt.     20  Torrington-square,  Blooms- 

bury,  London,  W.C. 
Kenny,  Matthias,  M.D.    3  Clifton- terraco,  Monkstown,  Co.  Dublin. 

1865.  JKenrick,  William.     Norfolk- road,  Edgbaston,  Birmingham. 

Kent,  J.  C.     Levant  Lodge,  Earl's  Oroome,  Worcester. 
1857.  JKent,  William  T.,  M.R.D.S.     51  Rutland-square,  Dublin. 
1857.   t  Ken  worth,  James  Ryloy.     7  Pembroke-place,  Liverpool. 

1857.  *Ker,  Andre*  Allen  Murray.     Newbliss  House,  Newbliss,  Ireland. 
1855.  *Ker,  Robert.     Auchinraith,  bv  Hamilton,  Scotland. 

18«5.  *Kerr,  William  D.,  M.D.,  II. N!     Bonnyrigg,  Ediubiirgli. 

1808.  JKerrison,  Roger.     Crown  liank,  Norwich. 

18(39.  *Kesselmeyer,  Charles  A.     1  Peter-street,  Manchester. 

1860.  *KesselmeVer,  William  Johannes.     1  Peter-street,  Manchester. 

1861.  *Keymer,  John.     Parker- street,  Manchester. 

18(55.  *Kinahan,  Edward  Hudson.     11  Merrion-squarp  North,  Dublin. 
1800.  {KiNAHANT,  G.  HENRV,  M.R.I.A.     Geological  Survey  of  Ireland.     14 
Hume-street,  Dublin. 

1858.  jKincaid,  Henry  Ellis,  M.A.     8  Lyddon -terrace,  Tjoeds. 

1871.  *King,  Herbert  Poole.     Theological  College,  Salisbury. 
1855.  Jiving,  James.     Levernholme,  llurlet,  Glasgow. 

1870.  §King,  John  Thomson,  C.R     4  (Uay ton-square,  Liverpool. 

King^  Joseph.     Bluudell  Sands,  Liverpool. 

1864.  §KiN(j,  KELUURNE,  M.D.  27  George-street;  and  Royal  Institution, 
Hull. 

1860.  *King,  Mervyn  Kersteman.     Avonside,  Clifton  Down,  Bristol. 

1872.  *King,  Mrs.  E.  M.     «^4  Cornwall-road,  Wostboumc-park,  London,  W. 
1842.     KING,  RraiiAiu>,  M.I).     12  T3ulstrode-atreet,  London,  W. 

King,  Rev.  Samuel,  M.A.,  F.R.A.S.     St.  Aubins,  Jersey. 
1870.  JKing,  William.     1-5  Adelaide-terrace,  Waterloo,  Liverpool. 
King,  William  Poole.  F.G.S,     Avonside,  Clifton,  Bristol, 

1809.  JKingdon,  K.     Taddiford,  Exeter. 

1802.  {KINSLEY,  Rev.  Canon  CHARLKS,  M.A.,  D.C.L.,  F.L.S.,  F.G.S. 
Eversley  Rectory,  Winchfield. 

1861.  JKingsley,  John.     30  St.  Ann's-street,  Manchester. 

1835.     Kingstone,  A.  John,  M.A.     Mosstown,  Longford,  Ireland. 

1867.  JKinloch,  Colonel.     Kirriemuir,  Logie,  Scotland. 

1870.  jKinsman,  William  R.     Branch  Bank  of  England,  Liverpool. 

1807.  *KINNAIRB,  The  Hon.  AIITHUII  FJTKGKRALI>,  M.P.    I  Pall  Mall  East, 

London,  S,W. ;  and  Rossie  Priory,  Inchturo,  Perthshire. 
1863.  JKiNNAiRD,  The  Right  Hon.  Lord.,  K.T.,  F.G.S.    Rossie  Priory,  Inch- 

,     ture,  Perthshire. 
Kinnear,  J.  &.,  F.B.8.E.    Glasgow. 
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3883.  jKirkaldy,  David.    28  Bartholomew-road  North,  London,  N.W. 
1860.  jKniKMANr,  Rev.  THOMAS  P.,  M.A.,  F.R.S.     Croft  Rectory,  near 

Warrington. 
Kirkpatrick,  Rev.  W.  B.,  D.D.     48  North  Great  George-street, 

Dublin. 

1870.  {Kitchener,  Frank  E.     Rugby. 

I860.  JKnapman,  Edward.     Tho  Vineyard,  Castle-street,  Exeter. 
1870.  §Kneeshaw,  Henry.     2  Gambler-terrace,  Liverpool. 

Kuipe,  J.  A.     Botcherby,  Carlisle. 
1872.  *Knott,  George,  LL.B.,  F.R.A.S,     Woodcroft,  Cuckfield,  Hayward'a 

Heath,  Sussex. 

1812.    Knowles,  John.      Old  Traflbrd  Bank  House,  Old  Trafford,  Man- 
chester. 

1870.  jKnowles,  Rev.  J.  L.     Grove  Villa,  Bushoy,  Herts. 
*Knox,  George  James.     37  Liverpool-street,  Dover. 

18-35.     Knox,  Thomas  B.     Union  Club,  Trafalgar- square,  London,  W.C. 
1872.  §Kowles,  James,     The  Hollies,  Ciapham  Common,  London,  S.W. 
1870.  tKynaston,  Josiah  W.     St.  Helens,  Lancashire. 
1885.  f  Kynuersley,  J.  C.  S.     The  Leveretts,  Hands  worth,  Birmingham. 

1858.  §Lace,  Francis  John.     Stone  Gapp,  Cross-hill,  Tweeds. 

1802.  tLackerstein,  Dr.     (Care,  of  Messrs.  Smith  and  Elder,  15  Waterloo- 
place,  London,  S.W.) 

1350.  §Ladd,  William,  F.R.A.S.     11  &  13  Boak-street,  Regent-street,  Lon* 
don,  W. 

1850.  1Lamg,  David,  F.S.A.  Scotl.     Signet  Librarv,  Edinburgh. 

1870.  J  Laird,  II.  TI.     Birkenhead. 

Laird,  John,  M.P.     Hamilton-square,  Birkenhead. 

1870.  §Laird,  John,  jun.     Grosvenor-road,  Claujrbton,  Birkenhead. 

1850.  fLalor,  John  iToseph,  M.R.I. A.     2  Longfoixl- terrace,  Monkatown,  Co. 
Dublin. 

1840.  *T Darning,  Richard.     Flauchani,  near  Bognor,  Sussex. 

1870.  §  Lamport,  Charles.     Upper  Norwood,  Surre\. 

1871.  §  Lancaster,  Edward.     Karesforth  Hall,  Ikrnesley. 

1859.  tLang,  Rev.  John  Marshall.     Bank  House,  ]Nlorinugside,  Edinburgh. 
1804.  §Lang,  Robert.     INFancombo,  Henbury,  Bristol. 
1870.  :J I^ngton,  Cliarles.     Barkhill,  Aigburth,  Liverpool, 

*Langton,  William.     jNIanchestor. 
1810.  tLvNKKSTKit.  EDWIX,  M.D.,  LL.D.,  F.R.S.,  F.L.S.    68 Bolsize-park, 

N.W. 
18G5.  §LANKKSTKR,  E.  RAY.     Exeter  Collego,  Oxford. 

*LAncoM,  Major-(=!euoral  Sir  THOM  \s  AISKKW,  K.C.B.,  R.E.,  F.R.S., 

^l.R.I.A.     Ileathtield  House,  Favcham,  Hants. 
L \SSHLL,  WILLIAM,  K.R.S.,  F.R.A.S.     Ray  Lodge,  Maidenhead. 
18fU.  *  Latham,  Arthur  G.     24  Cross-street,  Manchester. 
1870.  *  Latham,  Baldwin.     7  Westminster-chambers,  Westminster,  S.W. 
1845.  t Latham,  Robert  G.,  M.A.,  M.D.,  F.R.S.     DO  Disraeli-road,  Putnev, 

S.W 

*  La  Touche,  David  Cliarles,  M.R.I.  A .     Cattle-street,  Dublin. 
1870.  JLaughton,  John  Knox,  M.A.,  F.R.A.S.,  F.R.G.S.      Royal  Naval 

College,  Portsmouth. 

1870.  *Law,  Channell.     5  Champion-park,  Camberwell,  London,  S.E. 
1857.  1 1 .<aw,  Hugh.     4  Oreat  Denmark-street,  J)ul)liiu 

1802.  JLaw,  Rev.  James  Edmund,  M.A.     Little  Shelford,  Cambridgeshire, 
Lawley,  The  Hon.  Francis  Charles.    Escrick  Park,  near  Yor£. 
Lawley,  The  Hon.  Stephen  Willoughby.    Escrick  Paxk;  near  York. 
1870.  ^Lawrence,  Edward.    Aigburth,  Liverpool. 
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1869.  JLawson,  Henry.    8  Nottingham-place,  London,  W. 

1857.  {Lawson,  James  A.,  LL.D.,  M.K.I, A.    27  Fitzwilliam-strect,  Dub- 
lin. 

1868.  *LAWSON,  M.  ALEXANDER,  M.A.,  F.L.S.,  Professor  of  Botany  in  the 
University  of  Oxford.    Botanic  Gardens,  Oxford. 

1863.  JLawton,  Benjamin  0.      Neville    Chambers,    44    Westgate-street, 
Newcastle-upon-Tyne. 

1853.  JLawton,  William.     8  Manor  House-street,  Hull. 

LAYCOCK,  THOMAS,  M.D.,  Professor  of  the  Practice  of  Physic  in  the 
University  of  Edinburgh.     4  Rutland-street,  Edinburgh. 

1865.  JLea,  Henry.     35  Paradise-street,  Birmingham. 

1857.  JLeach,  Capt.  R.  E.     Mountjoy,  Phoenix  Park,  Dublin. 

Leadbetter,  John.     Glasgow. 

1870.  *Leaf,  Charles  John,  F.L.S.,  F.G.S.,  F.S.A.     Old  Change,  London, 

E.G. ;  and  Painshill,  Cobham. 

1847,  *LEATHAM,  EDWARD  ALDAM,  M.P.      Whitley  Hall,  Iluddersfield ; 
and  4<5  Eaton-square,  London,  S.W. 

1858.  {Leather,  George.     Knostrop,  near  Leeds. 

*  Leather,  John  Towlerton,  F.S.A.     Leveuthorpe  Hall,  near  Leeds. 
1858.  {Leather,  John  W.     Newton  Green,  Leeds. 
1863.  {Leavers,  J.  W.      The  Park,  Nottingham. 
1872.  §LEBOUR,  G.  A.,  E.G. 8.     Geological  Survey  OlRce,  Jermyn-street, 

London,  S.W. 
1858.  *Le  Cappelain,  John.     Wood-lane,  Ilighgate,  London,  N. 

1858.  {Ledgard,  William.     Potter  Newton,  near  Leeds. 

1842.     Lee,  Daniel.     Springfield  House,  Pondlebury,  Manchester. 
1861.  JLee,  Henry.     Invell  House,  Lower  lirouglitou,  blanch  ester. 

Lee,  Henry,  M.D.     Weatheroak,  Alve  C/hurch,  ntjar  Bvomsgrove. 
1853.  *LEE,  JOHN  EDWARD,  F.G.8.,  E.8.A.    Villa  Syracusa,  Torquay. 

1859.  JLees,  William.     Link  Vale  Lodge,  Viewfortli,  ICdiuburgh. 
*Leese,  Joseph.     Glcnfield,  Altrincham,  Mancliester. 

*Leeson,  Henry  B.,  M.A.,  M.D.,  F.U.S.,  E.C.S     The  Maples,  Bon- 
church,  Isle  of  Wight. 

1872.  §LEFKVRK,  G.  SHAW,  M.P.,  F.E.G.S.      1H  Spring-gardens,   I^ondon, 
S.W. 

*LEFROY,J.  HENRY, Major-General,  R. A., F.R.S.,F.R.G.S.,  Director- 
General  of  Ordn a uce.     82  Queen's-gate,  London,  W. 

*Legh,  George  Cornwall,  JSF.P.     High  Legh  Hall,  Cheshire  j  and  43 
Curzon-street,  May  fair,  London,  W. 

1860.  }Le  Grice,  A.  J.     Trereife,  Penzance. 

1868.  JLEICE8TER,  The  Right  lion.  The  Earl  of.     Holkhani,  Norfolk. 
1856.  JLEIGH,  The  Eight  Hon.  Lord,  D.C.L.     37  Portman-square,  London, 
W. ;  and  Stone] eigh  Abbey,  Ivenil worth. 

1861.  *Leigh,  Henry.     Moorfield,  Swinton,  near  Manchester. 
1870.  §Leighton,  Andrew.     35  Iligh-park-street,  Javerpool. 

*LEINSTER,  AUGUSTUS  FREDERICK,  Duke  of,  M.R.I.A.     6  Oarlton- 

house-terrace,  London,  S.W. ;  and  Carton,  Maynooth,  Ireland. 
1807.  §Leishman,  James.     Gateacru  Hall,  Ijiverpool. 
1870.  J  Leister,  G.  F.     Gresbourn  House,  Liverpool. 

1859.  jLeith,  Alexander.     Glenkindie,  Inverkindio,  N.B. 

1860.  jLempriere,  Charles,  D.C.L.     St.  John's  College,  Oxford. 

1863.  *LKNDY,  Capt.  AUOUHTK  FRKDERIC,  F.L.S.,  F.Cx.S.    Sunbury  House, 

Sunbury,  Middlesex. 
1867.  JLeng,  John,     "Advertiser"  Office,  Dundee. 

1861.  J Lennox,  A.  C.  W.     7  Beaufort-gardens,  Brompton,  London,  S.W. 

Lentaigne,  John,  M.I).     Tallaght  House,  Co.  Dublin;  and  ]4  Great 
Dominick-street,  Dublin. 
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Lentaigne,  Joseph.     12  Great  Denm ark-street,  Dublin. 

1871.  §Leonard,  Hugh,  M.R.I.A.,  Geological  Survey  of  Ireland.     14  Hume- 

street,  Dublin. 
1861.  JLeppoc,  Henry  Julius.    Kersal  Crag,  near  Manchester. 

1872.  §Lcrmit,  Rev.  Dr.     School  House,  Dedham. 

1871.  | Leslie,  Alexander,  C.E.     72  George-street,  Edinburgh. 
1850.  j  Leslie,  Colonel  J.  Forbes.     Rothienorman,  Aberdeonshire. 

1852.  |  LESLIE,  T.E.  CLIFFK,  LL.B.,  Professor  of  Jurisprudence  and  Political 

Economy,  Queen's  College,  Belfast. 

180C.  §LEVI,  Dr.  LEONE,  F.S.A.,  F.S.S.,  Professor  of  Commercial  Law  in 
King's  College,  London.  10  FarrarVbuilding,  Temple,  London, 
L.C. 

1870.  JLKWIS,  ALFHKD   LIONEL.     151  Church-road,  Do  Beauvoir  Town, 

London,  N. 

1853.  {Liddell,  George  William  Moore.     Button  House,  near  Hull. 

1860.  JLiDDELL,  The  Vcrv   Rev.  II.  G.,  D.D.,  Dean  of  Christ  Church. 

Oxford. 
1855.  jLiddcll,  John.     8  Clelland-strcet,  Glasgow. 

1859,  JLigertwood,  George.     Blair  by  Summerhill,  Aberdeen. 
18<>4,  §LmiiTnoi)Y,  ROIIKRT,  F.G.S.     Ludlow,  Salop. 

18(32.  J  LILFORD,  The  Right  lion.  Lord,  F.L.S.  Lilford  Hall,0undle,  North- 
amptonshire. 
*LIMKRICK,  CHAIILES  GRAVES,  D.D.,  M.R.I. A.,  Lord  Bishop  of.   The 

Palace,  Henry-street,  Limerick. 
*  Lindsay,  Charles.     Ridge  Park,  Lanark. 

1855.  *Lindsay,  John  11.  (Care  of  James  Jarvie,  Esq.,  7  Steven -street, 
Glasgow.) 

1871.  *LiNDSAY,"Rt.  lion.  Lord.     47  Brook-street,  London,  W. 
1871.  {Lindsay,  Rev.  T.  M.     7  Great  Stuart-streot,  Edinburgh. 
1870.  j Lindsay,  Thomas.     288  Renfrew-street,  Glasgow. 

1842    *Lingard,   John   R.,   F.G.S.      Mayiield,    Shortlands;    by    Bromley, 

Kent. 
Lingwood,    Robert    M.;    M.A.,   F.L.S.,  F.G.S.       Cowley    House, 

Exeter, 

Lister,  James.     Liverpool  Union  Bank,  Liverpool. 
1870.  §  Lister,  Thomas.     Post  Office,  Barnsley. 

Littledale,  Harold.     Liscard  Hall,  Cheshire. 

1861.  *LiVEi\G,G.  IX,  M.A.,F.C.SV  Professor  of  Chemistry  in  the  Uni- 
versity of  Cambridge.     Newnham,  Cambridge. 
1804.  §  Live-say,  J.  G.     Cromnrty  House,  Vent  nor,  Isle  of  AVight. 

1860.  J  Livingstone,  Rev.  Thomas  Gott,  Minor  Canon  of  Carlisle  Cathedral. 

Lloyd,  Rev.  A.  R.     Ilengold,  near  Oswestry. 
Lloyd,  Rev.  C\,  M.A.     AVhittington,  Oswestry. 
1842,     Lloyd,  Edward.     King-street,  Manchester. 
1865.  t Lloyd,  G.  B.     Wellington-road,  Edgbaston,  Birmingham. 

*Lloyd,  George,  M.D.,  F.G.S.     Park  Glass  Works,  Birmingham, 
1870.  §Lloyd,  James.     16  Wellield-place,  Liverpool. 
1870.  \U4>\i<l,J.B. 
1870.  JLloyd,  J.  II.,  M.D.     Anglesea. 

*LLOYD,  Rev.  HUMPHREY,  D.D.,  LL.D.,  F.R.S.  L.  &  E.,  M.R.I.A., 

Provost  of  Trinity  College,  Dublin. 
1865.  {Lloyd,  John.     Queen's  College,  Birmingham. 
Lloyd,  Rev.  Rces  Lewis.     Helper,  Derbyshire. 
1865.  *Lloyd,  Wilson.     My  rod  House,  Wednesbury. 
1854.  *LOBLKY,  JAMES  LOUAX,  F.G.S.,  F.R.GaS.     fe9  Clarendon-road,  Ken^ 

sington  Pai'k,  London,  W. 
1853,  *Locke,  John.  (Care  of  J,  Robertson,  Esq.,  3  Grafton-street,  Dublin.) 
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1867.  *Locke,  John.    83  Addison-road,  Kensington,  London,  W» 

1872.  §LOCKB,  JOHN,  M.P.    63  Eaton-place,  London,  S.W. 

1863.  JLocxYER,    J.    NORMAN,   F.R.S.,    F.R.A.S.        5    Alexandra-road, 

Finchley-road,  London,  N.W. 
*LOGAN,  Sir  WILLIAM  EDMOND,  LL.D.,  F.R.S.,  F.G.S.,  F.R.G.S., 

Director  of  the  Geological  Survey  of  Canada,    Montreal,  Canada. 
1808.  JLogin,  Thomas,  C.E.,  F.R.S.E.     India, 

1862.  JLong,  Andrew,  M.A.     King's  College,  Cambridge. 
1872.  §Long,  Jeremiah.     50  Marine  Parade,  Brighton. 
1871.  jLong,  John  Jex.     12  Whitevale,  Glasgow. 

1851.  JLong,  William,  F.G.S.     Hurts  Hall,  Saxuiundham,  Suffolk. 

1866.  §Longdon,  Frederick.     Luamdur,  near  Derby. 

1857.  JLongfield,  Rev.  George,  D.I).     25  Trinity  College,  Dublin. 

LONGFIKLD  MOUNTIFOHT,  LL.D.,  M.l'M.A,,  Regiua  Professor  of 
Feudal  and  English  Law  in  the  University  of  Dublin.  47  Fitz- 
william-  square,  Dublin. 

1861.  *Longman,  William,  F.G.S.     36  Hydo-park-squnre,  London,  W. 
1859.  JLongmuir,  Rov.  John,  M.A.,  LL.D.     14  Silver-street,  Aberdeen. 
Longridge,  William  S.     Oakhurst,  Ambergate,  Derbyshire. 

1871.  §Longstaft;  George  Dixon,  M.D.,  F.C.S.    Southfields,  Wandsworth, 

S.W. ;  and  9  Upper  Thames-street,  London,  E.C. 

1872.  *Longstai>;  Llewellyn  Wood,  F.K.G.S.     Hull. 
1861.  *Lord,  Edward.     Adamroyd,  Torlmorden. 

1863.  'JLosh,  W.  S.     Wroay  Syke,  Carlisle. 

1867.  *Low,  James  F.     Monifieth,  by  Dundee. 

1863.  *Lowe,  Lieut. -Colonel  Arthur  S.  IL,  F.R.A.S.      70  Lancaster-gate, 

London,  W. 

1861.  *LOWE,  EDWARD  JOSKPH,  F.R.S.,  F.R.A.S.,  F.L.S.,  F.G.S.,  F.M.8. 

llighfield  House  Observatory,  near  Nottingham. 
1870.  JLowe,  G.  C.     67  Cecil-street,  Greenheys,  Manchester. 

1868.  |Lowe,  John,  M.D.     King's  Lynn. 

3850.  JLowe,  William  Henry,  M.I).,  F.R.S.E.  Balgreen,  Slateford,  Edin- 
burgh. 

1853.  *LUBBOCK,  Sir  JOHN,  Bart.,  M.P.,  F.R.S.,  F.L.S.,  F.G.S.  High  Elms 
Famborotigh,  Kent. 

1870.  jLubbock,  Montague.     High  Elms,  Farnborough,  Kent. 

1849.  *Luckcock,  Howard.     Oak-hill,  Edgbaston,  Birmingham. 
1867.  *Luis?  John  Henry.     Cidhmore,  Dundee. 

1866.  *Lund,  Charles.     Market- street,  Bradford. 

1850.  *Lundie,  Cornelius.     Tweed  Lodge,  Cardiff. 

1853.  {Lunn,  William  Joseph,  M.D.     23  Charlotte-street,  Hull. 
1858.  *Lupton,  Arthur.      Headingley,  near  Leeds. 

1864.  *Lupton,  Darnton,  Jun.     The  llarehills,  Leeds. 
1864.  *Lutley,  John.     Brockh am pton  Park,  Worcester. 

1866.  §LYCETT,  Sir  FRANCIS.     18  Highbury-grove,  London,  N. 

*LYELL,  Sir  CHART.KH,  Bait.,  M.A. /LL.D.,  D.C.L.,  F.R.S.,  F.L.S. 
V.P.G.S.,  Hon.  M.R.S.Ed.  73  Harley^street,  London,  W. 

1871.  JLyoll,  Leonard.     42  Regent's  Park-road,  London,  N.W. 
1857.  JLyons,  Robert  D.     31  Upper  Merrion-street,  Dublin. 

1862.  *Lyte,  Maxwell  F.,  F.C.S.     Bngneres  de  Bigorre,  France. 

1849.  JLYTTLKTON,  The  Right  Hon.  Lord,  D.C.L.,  F.R.S,  12  Stratton- 
street,  London;  "VV, 

1852.  tMacAdam,  Robert.     18  College-square  East,  Belfast. 

1854.  *MACADAM,  STEVENSON,  Ph.D.,  F.R.S.E.,  F.C.S.,  Lecturer  on  Che- 

mistry.   Surgeons7  Hall,  Edinburgh ;  and  Brighton  House,  Por- 
tobello,  by  Edinburgh, 


LIST  OF  MEMBERS.  4? 

Year  of 
Election. 

1868.  JMACALiSTEB,  ALEXANDER,  M.D.,  Professor  of  Zoology  in  the  Uni- 
versity of  Dublin.  Itt  Adelaide-rood,  Dublin. 

1808.  tM'Allan,  W.  A.     Norwich. 

*M'ANT>nrcw,  KOBERT,  F.R.S.,  F.L.S.    Islcworth  House,  Isleworth, 
Middlesex. 

1800.  *M<  Arthur,  A.     Raleigh  Hall,  Brixton  Rise,  London,  S.W. 

1840.  Macaulay,  James,  M.D.  22  Cambridge-road,  Kilburne,  London, 
N.W. 

1871.  jM'Bain,  Jamea,  M.D.,  R.N.     Logic  Villa,  York-road,  Trinity,  Edin- 

burgh. 

*MarBrayne,  Robert.     Ilousehill  FIamk*t,  Glastrow. 
180&  {M'CALLAX,  Rev.  J.  F.,  M.A.     Bosford,  near  Nottingham. 
1 855.  tM'Oallum,  Archibald  K.,  M.A.     Whitehall -terrace,  Glasgow. 
1803.  IMTalmoiit,  Kobt'rr.     Gatton  Piirk,  IW«rato. 
1855.  fM'Oann,  Jamps,  F.G.S.     irolnitritli,  Yorkshire. 

1857.  iM*(Wslandt  Dominick.     12  Fit zgibbon-street,  Dublin, 

18(55.  *M'(I!LRAX,  JOHN  ROBIXSOX,  F.li.S.,  F.O.S.  2  Park-street,  West- 
minster, S.W. 

1^10.     M'Clellaml,  Jnmos,  F.vS.S.     32  r*>!iibiicljro-8qunn»,  London,  W. 

]S08.  ^M4CMNToi'Kt('aptamSirFRvxriHL.,R.X.,F.R.S.,F.R.(^S.  United 
Service  Club,  Pall  Mall,  London,  S.  \V. 

1872.  *McOlure1  J.  II.     Manchester. 

*M'(.<onn«il,  James.     Moore-placo,  Eshor,  Surrey. 
1850.  *3I«r«)nncll,  l)a\MO.,  F.(J.S.     4A  Manor-place';  Edinburgh. 

1858.  JM'ConiiL'll,  J.  K     Woodlands,  (ireat  Missendcn. 

M  u-noN  VLD,  WILLIAM,  M.D.,F.R.S.K.,  F.L.S.,T\G.S.?  Profe^or  of 

Civil  and  Natural  ItiRtory.    St.  Andrews,  Sr.B. 
1871.  §M'Donald,  William.     Yopohama,  Japan.     (Care  of  R.  K.  Knenitt, 

Esq.,  Sun-court,  Cornhill,  E.C.) 

MacDnimoll,  Ilerculos  11.  G.     2  Kildaiv-placo,  Dublin. 
*M*Kwan,  John.     L'5  Hamilton-terrace  West,  Partick,  by  Glasgow. 

1859.  tMarfarltmo,  Alexander.     73  lion  Accord-street,  Aberdeen. 

1871.  SM'Farlnne,  Donald.     The  College  Laboratory,  Glasgow. 
1855.  JM'Farlano,  Walter.     Saracen  Foundry,  Glasgow. 

1854.  *MACFIK,  RODKRT  ANI>RKW,  M.P.    13  Victoria-street.  Westminster. 

S.W. 

18G7.  *M'Gaviu,  Robert,    Bnllumbie,  Dundee. 
1852.  *M'GKK,  WILLIAM,  M.D.     10  College-square  North,  Belfast. 

1855.  JMacGeorj^o,  Andrew,  jmi.     21  St.  N'incent-plnce,  (Uasgow. 

1872.  §MfOeorge,  Alungo.      Nithodale,  Laurie-park,  Sydenham. 

1855.  JM'Gropror,  Alexauder  Bennett.     10  Woodside-erescent,  Glasgow. 

3H55.  JMac(»regor,  James  Watt.     Wallace-grove,  Glasgow. 

1H50.  JM'IIardy,  David.     54  Netherkinkgate,  Aberdeen. 

1850.  t Macintosh,  John.     ]NIuldlofit'ld  House,  Woodwdo,  Aberdeen. 

I8(i7.   'M^lNTosir,  AV.  ('.,  M.D.,  F.L.S.     Murlhly,  Perthshire. 

1854.  *MacIver,  (Charles.     Water-street,  Liverpool. 

1871.  §Mackay,  Rev.  Dr.  A.,  F.U.G.S.    Oakland  Villa,  Hatton-place,  Edin- 

burgh. 

1805.  {Mackeflon,  Henvy  B.,  F.G.S.    Hyde,  Kent. 
18(J5.  JJNfackintosh,  Daiiiol,  F.CJX     Chichestor. 

1855.  JM'Konzie,  Alexander.    89  Buchanan- street,  Glasgow. 
*  Mackenzie,  James.     Glentore,  by  Glasgow. 

1865.  JAfrwAwwiV,  Kenneth  Robert  Henderson^  F.S.A.,  F.A.S.L. 
18(57.  §MACKITJ,  SAMUEL  JOSEPH,  F.G.S.     84  Kensington-park-road,  Lon- 
don, W. 
*Macldnlay,  David.    Great  Western-terrace,  Hillhead,  Glasgow, 

1872.  §Mackey,  J.  A,    24  Buckingham-place,  Brighton, 
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1867.  §Mackson,  II.  G.    25  Cliff-road,  Woodhouse,  Leeds. 
1872.  *MacLachlan,  Robert,  F.L.S.     39  Limes-grove,  Lewisham. 

1860.  JMaclaren,  Archibald,     Surnmertown,  Oxfordshire. 

18G4.  §MACLAREN,  DUNCAN,  M.P.     Newington  House,  Edinburgh. 

1859.  JMACLEAR,  Sir  THOMAS,  F.R.S.,  F.R.G.S.,  F.R.A.S.,  late  Astronomer 

Royal  at  the  Cape  of  Good  Hope.     Cape  Town,  South  Africa. 
1802.  JMacleoa,  Henry  Dunning.     17  Gloucester- terrace,  Camden-hill-road, 

London,  W. 
1808,  §M<LEOD,   HERBERT,  F.C.S.        Indian   Civil   Engineering   College, 

Cooper's  Hill,  Egham. 

1861.  *Maclure,  John  William.     2  Bond-street,  Manchester. 

1862.  JMacmillan,  Alexander.     Streatham-lane,  Upper  Tooting,  Surrey. 
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'Marshall,  James  Garth,  M.A.,  F.G.S.     Headlingley  Holism,  hoods. 
1840. 
1K03. 

IS  18.  .  ,  . 

1H71.  (Martin,  Rev.  I  high,  M.  A.  (  Jreenhill-cottage,  Lasswade  by  Edinburgh. 
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Experimental  Physics  in  the  Unix  ersity  of  Cambridge.  Glenlair, 
Dalbenttie,  N.B.;'  and  11  Scroope-terrace,  Cambridge. 
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1802.  *MrrnrRT,L,   WILLTVW    STKPIIEN,   LL.B.,  F.L.S.,   F.G.S.       Oaius 
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Tivnt. 
1800.  §Monk,  Kev.William,  3I.A.,  F.U.A.S.     AVyminjrtou  Koctory,  lligham 
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1853.  {Monroe,  Henry,  M.D.      10  North-street,  Scnlcoates,  Hull. 
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187L>.  §Moon,  AV.,  LL.D.     104  Qneen's-road,  Krifrhfoii. 
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1871.   *Morrison,  Jame.s  Dai^ie.     27  Grange-road,  Edinburgh. 
1S07.   t  Morrison,  William  Ti.     Dundee. 
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1808.  JMoseley,  H.  N.     Olveston,  Bristol. 
1857.  jMoses,  'Marcus.     4  Westmoreland-street,  Dublin. 
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1800.  §WV.VTT,  JA^IKS,  F.C^.S.     l^edtuvd. 

AVyld,  Jinnee,  F.li.(J.S.     Chaiinpf  Cro^s,  Tjondon,  W.(1. 
1S<».*>.  *  YVNley,  Andrew.     21  l>arl\(  ir-i  street,  IlmulsfNorth,  Birmingham. 
1807.  tW\lie,  Andrew.     3'rinlftws,  Vifeshire. 
1S71.   §  \Vynn,  .Mrs.  William.     Cefn,  St.  Asnph. 

180^.   {WYNNI-'.,  Airnim  UKKVUH,  l\(.t.S.,  of  the  (Jeological  Suney  of 
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*  Varhoronjili,  (irorpe1  (1ook.     Camp's  Mount,  Donoastor. 
1805.  "fYatcs,  Kdwin.     Stonehnry,  Edjrhnston,  Hirniinghnm. 
Can*  House,  Ivotlu-rhtun,  Yorkshire. 
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1807.  lYeaman,  James.     Dundee. 
1855.  |  Yeats,  John,  LL.  I).,  KH.U.S.  Clnylon-plnoe,lVcklimn,  London,  S.E. 
*YOHKK,    C1olonel    PHILLIP,    F.Ji.S.,   F.ll.U.S.       80  Katon-place, 

Belgi'avo-squaro,  London,  S.W. 
T'ointf/f  James.     South  SJn'cld*. 

Youn<r,  James.     Limefield,  We>t  (Balder,  Midlothian. 
Yonnjr,  John.     Taunt  on,  Somersetshire. 
Yoinijr,  John.     Ilopo  Villa,  Woodhou^e-lano,  Leeds. 
1870.   *  Younj?!  Jainos,jun.     Kelh,  Wemyss  Hay,  (Ireenock. 
Yonn^o,  Hohort,  F.L.S.     (»re\,  stones,  near  Sheilii-ld. 
*Yonn»-e,  Cohort,  ]\LD.     (JreyMones,  nonv  Shellield', 
18(^8.  tYonn|is,  John,     liidimond  Ilill,  Norwich. 

187L  tYuJ-K,  Colonel  HKNUY,  (M^.     East  India  United  Service  Club,  St. 
James's-  square,  London,  S.W, 
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1857.  M.  Antoine  d'Abbadie.  [U.S. 

Louis  Agassiz,  M.D.,  Ph.D.,  Professor  of  Natural  History.     Cambridge, 
1808.  M.  D'Avesac,  Mom  de  I'lnstitut  de  France.     42  Rue  du  Bac,  Paris. 
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1872.  Professor  G.  Dovalque.      Liege,  Belgium. 

1870.  Dr.  Anton  Dohrn.     Naples.  [Berlin. 

1845.  Ileinrich  Dove,  Professor  of  Natural  Philosophy  in  the  University  of 

Professor  Dumas.     Paris. 

Professor  Christian  Gottfried  Ehreiiberg,  M.D.,  Secretary  of  the  lloyal 

Academy,  Berlin. 

1840.  Dr.  Eisenlohr.     Carlsruhe,  Baden. 
1842.  Prof.  A.  Erman.     122  Friedriehstrasse,  Berlin. 
1848.  Professor  Earn  ark.     (/hristiania. 

1801.  IVoftjssor  A.  Favre.     Geneva. 

1872.  W.  de  Fonvielle.     line  des  Abbesse,  Paris. 
1850.  Professor  E.  Frdmy.     Paris. 
1842.  M.  Frisiani. 

1800.  Dr.  Gaudry,  Pres.  (Jool.  Hoc.  of  France.     Paris. 

1801.  Dr.  Geinit/,  Professor  of  Mineralogy  and  Geology.     Dresden, 
1872.  Professor  Paul  Gervais.     Museum  do  Paris. 

1870.  Govenor  Gilpin.     Colorado,  United  States. 
1852.  Professor  Asa  Gray.     Cambridge,  U.S. 
1800.  Professor  Edward  Grube,  Ph.D. 

1871.  Dr.  Paul  Giissfeldt  of  the   University  of  Bonn.      S3  Meekenheimei-- 

street,  Bonn,  Prussia. 

1802.  Dr.  D.  Bierens  de  Haan,  Member  of  the  lloyal  Academy  of  Sciences, 

Amsterdam.     Leiden,  Holland. 

1872.  Professor  James  Hall.     Albany,  State  of  New  York. 
1804.  M.  Hebert,  Professor  of  Geology  in  the  Sorbonne,  Paris. 

Professor  Henry.     Washington,  U.S. 
1808,  A,  Hoynsius.     Leyden. 
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1872.  J.  E.  Ililgard,  Assist.-Supt.  U.S.  Coast  Survey.     Washington. 

1801.  Dr.  Ilochstetter.     Vienna. 

1842.  3VI.  Jacobi,  Member  of  the  Imperial  Academy  of  St.  Petersburg. 

1807.  Jans.sen,  Dr.     21  Rue  Labat  (18°  Arrondissement),  Paris. 

1802.  Charles  Jessen,  Mod.  et  Phil.  Dr.,  Professor  of  Botany  in  the  Univer- 
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at  the  Royal  Agricultural  Academy,  Eldena,  Prussia. 
1802.  Aug.  Kekule,  'Professor  of  Chemistry.  "Ghent,  Belgium. 

1800.  Dr.  Henry  Kiepert,  Professor  of  (-Jeojrraphy.     Berlin. 
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1808.  Professor  Karl  Koch.     Berlin. 
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1871.   Dr.  Lutken.     (1openhiigen. 
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lS(57.   Professor  Mannheim.      Paris. 

1807.  Professor  Ch.  Martins,  Director  of  the  Jardin  des  Plants.     Montpellier, 
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1802.   Professor  P.  Merian.     Bale,  Switzerland. 

184(>.    Professor  von  MiddeudortK. 

1848.   Professor  J.  Milne-Edwards.     Paris. 

1855.  M.  1'Abbe  Moigno.      Paris. 

18(>4.  Dr.  Arnold  Moritz.     Tillis,  Russia. 

1850.  Edouiird  Morren,  Prof(»sseur  de  Botanicjue  a  1  TTuiversit«5  de  Liege,  Bel- 
gium. 

1800.  Chevalier  C.  Negri,  President  of  the   Italian  (Geographical  Society, 
Florence,  Italy. 

1804.  Ilerr  Xeumayer.    "Frankenthal,  Bavaria. 

18()0.  Professor  II. "A.  Newton.     Yale  C'ollege,  New  IIa\en,  United  States. 

1848.  Professor  Nilssou.      Luud,  Sweden. 

1850.  M.  E.  Peligoi,  M(^inl).  de  I'lnstitut,  Paris. 

18(51.   Professor  Benjamin  Pierce.     Washington,  U.S. 

1857.  (Justav  Plan*.     Strasburg. 

1870.  Professor  Felix  Plateau.     Place  du  Casino,  15,  (laud,  Belgium. 
M.  Quetelet.      Brussels. 

1808,  Professor  L.  Uadlkofer.    Professor  of  Botany  in  the  University  of  Munich. 
J872,   Professor  Victor  \ on  Richter.     St.  Petersburg. 

M.  De  hi  Rive.     Geneva. 
1800.  F.  Roemer,  1*11.1).,  Professor   of  Geology  and  Palaeontology  in  the 

University  of  Breshui.     Breslau,  Prussia. 
1850,   Professor  W.  B.  Rogers.     Boston,  U.S. 
1857.  Baron   Herman  do  Schlagintweit-Sakunliinski.     Jaegersburg  Castle, 

near  Forchheim,  Bavaria. 

1857,  Professor  Robert  Schlnpintweit.     Giessen. 
18(>8.   Padre  Secchi,  Director  of  the  Observatory  at  Rome. 
1872.  Professor  Carl  Semper.     Wurtemburg,  Biunria. 
18(>1.  M.  Werner  Siemens.     Berlin. 
I81i).    Dr.  Siljestroiii.     Stockholm. 
1802.  J.  A.  do  Souza,  Professor  of  Physics  in  the  University  of  Coirabra, 

Portugal.  a 
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1864.  Adolpli  Steen,  Professor  of  Mathematics,  Copenhagen. 
18(50.  Professor  Steenstmp.     Copenhagen. 
1845.  Dr.  Svanberg.     Stockholm. 

1871.  Dr.  Joseph  Szabo.     Pesth,  Hungary. 

1870.  Professor  Tch'jbichef.     Membro  de  rAcademie  do  St.  Petersburg. 
1852.  M,  Pierre  de  Tchihatchef,  Corresponding  Member  of  the  Institut  de 

France,   1  Piazza  deo-K  Zuaai,  Florence, 

1804.  Dr.  Otto  Torell.     Prof,  of  Geology  in  theUniversity  of  Lund,  Sweden. 
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1801.  M.  de  VerneuiL     Paris. 
1848.  M.  Le  Vender.     Paris. 
1808.  Professor  Vogt.     Geneva, 

ISaron  Sartorius  von  Waltershausen.     Guttiugen,  Hanover. 
1842.  Professor  Wartmann.     Geneva. 
3H08.  Dr.  II.  A.  Weddell.     Poitiers,  France. 
1804.  Dr.  Frederick  Wehvitach.     Lisbon. 

1872.  Professor  A.  Wurtz.     Paris, 
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Midland  Institute. 
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Cambridge  Philosophical  Society, 
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PhyMcians,  Royal  College  of. 

Royal  Institution. 
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Stoinlmivt  College  Observatory. 

Surgeons,  Royal  College  of. 

Trade,  Board  of  (Meteorological  De- 
partment). 

United  Service  Institution. 

War  Oilice,  Library  of  the. 

Wales  (South)  Royal  Institution  of. 

Yorkshire  Philosophical  Society. 

Zoological  Society. 


EUROPE. 


Alien,  Lapland.  Literary  and  Philoso- 
phical Society. 

Altona     Royal  Observatory. 

Berlin Dor  Kaiserlichen  Ake- 

demie  der  Wisseii- 
c haft  en. 

Royal  Academy  of 

Sciences. 

Breslau  Sileaian  Patriotic  So- 
ciety. 

I^onu     University  Library. 

Brussels Royal  Academy  of 

8ci?nces. 


Charkow 

Copenhagen     . 

Dorpat,  Russia 
Frankfort    . .  . 

Geneva    


Got  tin  £ou  .  .  . 
Heidelberg  .  .  . 
Helsingfoi'vS  . ,  . 
Harlem  


.University  Library. 

.  Royal     Society     of 
Sciences. 

.  University  Library. 

.Natural    History    So- 
ciety. 

,  Natural    History   So- 
ciety. 

.  I '  ni v  ersity  Library . 

.University  Library. 

.University  Library. 

.  Societ^    llollandaise 
des  Sciences. 
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Kasan,  Ilussia  .  University  Library. 

Kiev     University  Library. 

Lausanne     .  . .  .The  Academy. 

Leyden    University  Library, 

Liege    University  Library. 
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University  Library. 
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Cambridge  . . 
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History. 
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%*  ^1  Lar<jc  Pan-  r  ufilimi  (Ftfhr,t  (.tuuiait\  hmit^l  to  50  mim1*.       [Xcarlfj  )\(t<^t. 
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HISTORIAN    OF    (illKKCE. 
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AVith  Woodcuts.     Post  Svo. 


ME.  MUEEAY'S  LIST   OF  FORTHCOMING  WOEES. 


THE  TONGUE  NOT  ESSENTIAL  TO  SPEECH, 

WITH   SPECIAL  REFERENCE  TO  THE 

AFRICAN  CONFESSORS. 

BY   THE    HON.    EDWARD   TWISLETON. 

Post  Svo.    6,s. 
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REMARKS    ON   THE   ORIGIN    OF   SPECIES, 

WITH  Sl'KCl  VI.  INFERENCE  TO   MAN5S  FIRST    MTEAUANCE  ON  THE  EARTH. 
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SULEIMAN  PASHA  (COL.  SFLVKS). 
ALI:X.  v.  HUMDOLDT  AT  Tin:  CoriiT 


OF 


<'AUI)1NAL  AVlSKMAN. 

A\rAj,rEii  SAVAGK 


THE  BEIUIV^. 
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BY    H.    F.   TOZER,    M.A.,    F.R.G.S., 

Tutor  and  lato  Fellow  of  Exeter  Coll.,  Oxford ;  Author  of "  Researches  in  the  Highlands  of  Turkey." 

Post  Svo. 


A  VOCABULARY  OF  THE  ROMANY; 

OH,   ENGLISH   GYPSY  LANGUAGE. 

BY    GEORGE    BORROW, 

Author  of  "  Lavengro,"  "  Romany  Rye,"  "  The  Gypsies  of  Spain." 

Post  Svo. 


ME.   MURRAY'S  LIST   OF  FORTHCOMING  WORKS. 

THE  LONGEVITY  OF  MAN;    ITS  FACTS 
AND  ITS  FICTIONS. 

INCLUDING  AN  ENQUIRY  INTO  SOME  OF  THE  MORE  REALUJKABLE  IXSTANCKS,  AM> 
SUGGESTIONS  FOR  TESTING  REPUTED  CAKES. 

Illustrated  by  Examples. 
BY   WILLIAM    J.   THOMS,    F.S.A., 

Deputy  Librarian,  House  of  Lords. 
Post  8vo.     105.  6(J. 


PEKSONAL  RECOLLECTIONS,  FROM  EARL? 
LIFE  TO  OLD  AGE. 

BY     MARY     SOMERV.ILLE, 

Author  of  "  The  Connexion  of  the  Physical  Silence-,"  &r  &c. 

Crown  Svo. 


THE  GEOGRAPHY  OF  INDIA,  ANCIENT 
AND  MODERN. 

A, MANUAL  FOR  STUDENTS  AND  GENERAL  READERS. 

BY    COLONEL   YULE,    C.B., 

Editor  of"  Marco  Polo's  Travels." 

With  Maps    and  Woodcuts.      Post  Svo. 


LECTURES  ON  MEDIEVAL  ARCHITECTURE, 

DELIVERED  AT  THE  ROYAL  ACADEMY. 

BY    SIR    G.    GILBERT    SCOTT,    R.A.,    F.S.A. 

Svo. 


PRINCIPLES  OF  GREEK  ETYMOLOGY. 

BY   PROFESSOR   GEORGE    CURTIUS,  OF    LEIPZIG. 

Translated  from  the  German 

BY  A.    8,   WILKINS,  M.A.,   AND    E.    B.    ENGLAND,   B.A., 
Professors  at  Owens  College,  Manchester. 

Post  8vo. 
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AN  ATLAS  OF  ANCIENT  GEOGRAPHY- 
.  BIBLICAL  AND  CLASSICAL, 

Compiled  under  the  superintendence  of 
DR.   WILLIAM    SMITH    AND    MR.   GEORGE   GROVE. 

PAllT  II.     (8  Maps.)     I' olio.     'Us. 

CONTENTS : 
.1  Kiivs M.EM,  ANCIENT  AND  M<UH:I:N.  GREECE  AT  THE  TIME  OF  THE  PKLOPON- 

MAP    TO    iLU'NrilATE    THE    Xl'.W    TjWT\-  NESIAN   AVAR.  [LKA(tUK. 

MENT  GUEEfE    AT    THE    TIME    OF    THE  Acil^BAN 

PKI^I\)\NESIT^    "\Vith  Plan  of  Sparta.  EMrmr.s  OF  THE  BABYLONIANS,  LYOUNS, 

SimjjKs    \\D    JM.\N])S   oi'   riiii:    JXEAN  AII;DKS  AND  PI.KMANS. 

!  EMPIJIE  OF  ALEXANDER  THE  GREAT. 


A  DICTIONARY  OF  CHRISTIAN  ANTIQUITIES 
AND  BIOGRAPHY, 

I-TiOM  THE  TIMES  OF  THE  APOSTLES  TO  THE  AGE  OF  CHARLEMAGNE. 

]>y  YAUIOUS  A u  n  10 us. 
EDITED    BY    WM.    SMITH,    D.C.L. 

With  IllustiMtions,      2   ATols.       Medium    8vo. 


THE  POTTERY  OF  THE  ANCIENTS. 

EGYPTIAN,  ASSYRIAN,  GREEK,  ETRUSCAN,  AND  ROMAN. 
BY    SAMUEL    BIRCH,    F.S.A. 

ised  Edition.    AYith  coloured  Plates  and  200  Woodcuts.    Medium  8vo,    42s, 
Uniform  with  "Manyat's  Modern  Pottery." 


MEDIEVAL  LATIN  DICTIONARY. 

Based  on  the  AYork  of  DUCANGE. 
Translated  into  English- and  Edited,  with  many  Additions  and  Corrections, 

BY    E.   A.    DAYMAN,    B.D., 
Prebendary  of  Sarum,  formerly  Fellow  and  Tutor  of  Exeter  College,  Oxford ' 

Small  4to, 
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HANDBOOK  TO  THE  CATHEDRALS  OF 
LLANDAFF,  ST,  DAVID'S,  BANGOK,  &  ST/ASAPH. 

BY    R.    J.    KING,    B.A. 
With  Illustrations.     Crown  8vo.     155.  [Just  ratdy. 


HUME'S  HISTOEY  OF  ENGLAND  TO  THE 
REVOLUTION  OF  1688. 

A  NEW   LIBRARY   EDITION.      Annotated  and  famed. 

During  the  hundred  and  ten  years  which  have  passed  since  the  completion  of  Hunu'V> 
great  work,  no  successful  attempt  has  been  made  to  supersede  it  as  the  standard  History 
of  England.  "We  all  fall  back  upon  Hume'' — says  Dean  Hook — "  notwithstanding 
his  many  shortcomings  and  lamentable  faults."  To  supply  those  shortcomings  ami 
amend  those  faults,  and  so  to  bring  Hume's  work  up  to  the  existing  state  of  historical 
science,  is  the  object  of  the  present  undertaking. 

The  whole  work,  whether  of  revision  or  re-writing,  will  he  based  on  the  original 
authoiities.  The  publication  of  our  ancient  Chronicles  and  our  National  Records,  now  in 
progress  under  the  care  of  the  Master  of  the  Rolls,  through  the  hands  of  very  abh* 
Editors,  oilers  new  facilities  for  such  an  undertaking. 

It  is  proposed  to  complete  the  History,  as  far  as  it  was  carried  by  Hume,  distri- 
buted as  follows : — 

I.— FROM  THE  EARLIEST  TIMES  TO  THE  END  OF  THE  PLAXTAGEXET  LINE. 

3  Vols. 

II.— THE  TUDOR  ACE.    2  Vols. 
III.— THE  STEWART  AGE.    2  Vols. 

8vo. 
UNIFORM  WITH  "MURRAY'S  BRITISH  CLASSICS." 


METALLURGY ; 

THE  ART  OF  EXTRACTING  METALS  FROM  THEIR  ORES, 

AND  ADAPTING  THEM  TO  VARIOUS  PURPOSES  OF  MANUFACTURE. 

BY  JOHN    PERCY,    M.D.,    F.R.S, 

Lecturer  on  Metallurgy  at  the  Government  School  of  Mines. 

VOL.   I—FUEL,   "WOOD,    COAL,    COPPER,    ZINC,    Ac. 

New  Edition,    "With  Illustrations.     8vo. 


A  DICTIONARY  OF  ENGLISH  HISTORY. 

One  Volume.    Medium  8vo. 


ME.  MUEEAT'S  LIST  OF  FORTHCOMING  WORKS. 


THE  STUDENT'S 
MANUAL  OF  ECCLESIASTICAL  HISTORY. 

Tost  Svo. 
Uniform  uitli  the  "STUDENT'S 


THE  ARCHAEOLOGY  OF  ROME. 

BY   JOHN    HENRY    PARKER,    C.B., 

JI<m    M.A.  Ox  on,  F.S  A    Lond. 
With  Illustrations.     3  Yols.     Svo. 


BOSWELL'S  LIFE  OF  SAMUEL  JOHNSON. 

Edited  -\vith  Noti^ 

BY     THE     RIGHT     HON.     J.    W.     CROKER. 

^i  new  atul  carefully  llcciacd  Lllninj  Edition. 
With  Portraits.     4  vols.     Svo. 


MAETZNER'S  ENGLISH  GRAMMAR, 

A    METHODICAL,    ANALYTICAL,    AN1>   UlsroiIICAL   TIIEATISE   OX 

THE   ORTHOGRAPHY,    PROSODY,    INFLECTIONS,    AND   SYNTAX   OF 
THE   ENGLISH    TONGUE. 

TllANSLATLI)   FROM   TJIE  (1E11MAX 

BY     GLAIR    J.     GRECE,     LL.B., 

Member  of  the  Philological  Society. 

3  Yols.     Svo. 


HANDBOOK  FOR  TRAVELLERS  IN  ALGERIA, 

WITH    SOME   ACCOUNT   OF  THE  CLIMATE,  &r.,   AND   ITS   FITNESS 
FOR  WINTER  RESIDENTS  AND  INVALIDS. 

Maps  and  Plans.     Post  Svo. 


A  SMALLER  HISTORY  OF  FRANCE. 

With  Woodcuts.     16mo. 
Uniform  with  BK,  WM,  SMITH'S  " Smaller  Histories  of  Greece,  Rome,"  &c. 


?  ME.  MUEEAY'S  LIST   OF  FOETHCOMING  WORKS. 

THE  PROSE  AND  POETICAL  WORKS  OF 
LORD  BYRON. 

WITH   NOTICES    OF   HIS    LIFE.    BY  THOMAS   MOORE. 
With  Notes  by  SCOTT,  JEFFREY,  WILSOX,  GIFFOKP,  CKAKBE,  HKIJKK,  LOCKHAHT,  &c. 

New  Edition.    With  Illustrations.    2  Yols.     Royal  8vo.     15$. 


HANDBOOK   TO    THE    ENVIRONS   OF  LONDON. 

A    GUIDE    TO    ALL    THE    PLACES    OF    INTEREST   WITHIN 
TWENTY  MILES  OF  THE    METROPOLIS. 
Post  8vo. 


HANDBOOK  FOR  YORKSHIRE, 

DONCASTER,  HULL,   SELBY,    BKVEKLEY,  SCARBOROUGH,   AVHITBY, 

HARIIOGATE,    RIPON,    LEEDS,    WAKEFIELI),    BRADFORD, 

HALIFAX,   HUDDERSFIELD,   SHEFFIELD. 

New  Edition.     Map  uiul  Plans,     Post  8vo. 


HANDBOOK  FOR  DURHAM  &  NORTHUMBERLAND, 

NEWCASTLE,   DARLINGTON,    BISHOP  AUCKLAND,   STOCKTON, 

HAKTLEPOOL,     SUNDKRLAND,    SHIELDS,     BERWICK,    TYNEMOUTH, 

ALNWICK,     New  Edition.     Map.     Post  8vo.     9.v. 


HANDBOOK  FOR   SCOTLAND, 

EDINBURGH,  MELROSE,  KELSO,  GLASGOW,  J)UMFR1ES,  AYR,  STIRLING, 
ARRAN,  THE  CLYDE,  OIUN,  INYERARY,  LOCH  LOMoND,  LOCH 
KATRINE  &  TROSACHS,  CALEDONIAN  CANAL,  INVERNESS,  PERTH, 
DUNDEE,  ABERDEEN,  BRAEMAR,  SKYE,  CAITHNESS,  ROSS,  AND 
SUTHERLAND. 

New  Edition.    Maps  and  Plans,     Post  Svo.     10& 


HANDBOOK  FOR  FRANCE, 

NORMANDY,    BRITTANY,    THE    FRENCH    ALPS,   DAUPHINY, 
PROVENCE,    AND   THE   PYRENEES. 

New  Edition.     Maps.     Post  Svo. 


HANDBOOK  FOR   SOUTH  ITALY  AND   SICILY, 

TWO  SICILIES,  NAPLES,  POMPEII,  HERCULANEUM,  VESUVIUS,  ABRUZZI, 
THE  ROUTE  TO  BRINDISI,  &c.    New  Edition.    Maps.    Post  Svo. 


ALBEMARLE  STREET, 
June,  1873. 


MR.    MURRAY'S 

EASTER  LIST  OF  NEW  WORKS. 


A   COMMENTARY   ON    THE    HOLY    BIBLE. 

EXPLANATORY     AND     CRITICAL, 

\V1TII  A  REVISION  OF  TUP,  TRANSLATION 

B\r  BISHOPS  AND   CLERGY  OF  THE  ANGLICAN  CHURCH. 

EDITED  BY  F.  C.  COOK,  M.A.,  CANON  OF  EXETER. 

Medium  Svo. 
Vul.  1.  30^,,  Vol.  II.  205,   Vol.  111.  Ifa. 


GENESIS—  Piisiior  OF  ELY.  )  JOSHUA—  CANON  ESPIN. 

EXODUS  —  CANON     COOK    AND    HEY.  |   TTTnnro  i^mr   ainrrmT     ^ 

SAMUEL  ULAHK.  Jl  ^  ^   '  lUj™  ,  SAMULL-lhsuor  OF 

LEVITICUS-REV.  SAMUEL  CLAJIK.  JU  rH  ASD 


NUMBEUS-CANoN  ESIMN  &  Ecv.  J.  F. 

THRIMT. 
DEUTEliONOMY-CANox  ESPIN. 


KINGS,  C1I1K3XICLES,  EZRA,  NEIIE- 
311  Al I,  AND  ESTHER— CANON  KAW- 


THE    EXPRESSION    OF   THE    EMOTIONS    IN 
MAN  AND  ANIMALS. 

BY    CHAKLES    DARWIN,    RR.S. 

S/h  Thousand.    AVith  Illustrations.    Ciwii  Svo.    liv. 


HISTORY    OF    THE    CHRISTIAN    CHURCH, 

FROM  THE  DEATH  OF  BONIFACE  VIII.  TO  THE  REFORMATION,  1303 — 1517. 
BY  J.  CRAIGIE   ROBERTSON,   M.A., 

Canon  of  Canterbury,  Professor  of  Ecclesiastical  History,  King's  Coll,  London, 

Vol.  IV,,  COMPLETING  THE  WORK.    8vo,    185. 
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THE  STATE  OF  SOCIETY  IN  FRANCE  BEFORE 
THE    REVOLUTION    OF    1789, 

AND    ON    THE    CAUSES    WHICH   LED    TO    THAT    EVENT. 
BY  ALEXIS  DE    TOCQUEVILLE, 

Member  of  the  French  Academy. 

TRANSLATED  BY  HENRY   REEVE,   D.C.L. 

New  Revised  Edition,  containing  Seven  Additional  Chapters.    Svo.     145. 
Uniform  with  DC  Toc<|ucvillc's  "Democracy  in  America." 


LETTERS,   LECTURES,  AND   REVIEWS. 

ALSO    THE    PHRONTISTERION,    OK    OXFORD   ix   THE   19nr    CENTURY. 
BY  H.  L.  MANSKL,   D.D., 

Late  Dean  of  St  Paul's. 
Svo.      12*. 

AN   ADDRESS, 

DELIVERED  IN  LIVERPOOL   COLLEGE. 
BY  THE  1UGHT  HON.  W.  E.  GLADSTONE,  M.P. 

WITH  AN  INTRODUCTION  AND  ILLUSTKATIYE  PASSAGES. 
5th  Edition.     Svo.      Is.  6d. 


THE   GALLICAN    CHURCH; 

FROM  THE  CONCORDAT  OF    BOLOGNA,   1516,   TO  THE  REVOLUTION. 

WITH  AN  INTRODUCTION. 

BY  W.  HENLEY  JERVIS,  M.A,, 

Prebendary  of  Heytesbury,  and  Author  of  the  "  Student's  History  of  France." 
With  Portraits.    2  Vols.    Svo.     28s. 


HISTORY  OF  SICILY  TO  THE  ATHENIAN  WAR. 

WITH  ELUCIDATIONS  OF  THE  SICILIAN  ODES  OF  PINDAR. 

BY  W.  WATKISS  LLOYD. 

With  a  Map.    Svo.    lit. 
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JOURNEY  TO  THE  SOURCE  OF  THE  OXU3. 

BY  CAI'T.  JOHN  WOOD. 

With  an  ESSAY  ON  THE  GEOOKAPHY  OK  THE  VALLEY  01?  THE  Oxus, 
Br  COLONEL  HENRY  YULE,  C.B. 

Third  Edit'wd.     With  Maps.     Svo.     l'2i. 


RECORDS  OF  THE  ROCKS; 

A   SEUIE^  OF  MH'KS  OX 

THE  GEOLOGY,    NATURAL  HISTORY,    AND  ANTIQUITIES   OF  NORTH 
AND  SOrm   WALKS,    DEVON,   AND   CORNWALL. 

BY  REV.  W.  S.  SYMONDS,  F.G.S. 

"\Vith  numerous  Illustrations.     Crown  Svo.     126'. 


TRAVELS   IN   THE   EASTERN    CAUCASUS, 

ON  THE  CASPIAN  AND  BLACK  SEAS,    DAGHESTAN,    AND  THE  FRONTIERS 
OF  PERSIA  AND  TURKEY  jy  1871. 

BY  LIEUT.-GEN.  SIR  ARTHUR  CUNYNGHAME,  K.C.B. 

AVith  Map  and  Illustrations.     Svo.     186'. 


THE  LETTERS  AND  JOURNALS  OF  THE  LATE 
EARL  OF  ELGIN,  VICEROY  OF  INDIA,  &o. 

EDITED  BY  THEODORE  WALBOND,  C.B. 

WITH  A  PISEFACE  BY  THE  DEAN  OF  WESTMINSTER. 

Second  Edition.     Svo.     14,?. 


HISTORY    OF    THE    ROYAL    ARTILLERY. 

COMPILED   FROM   THE   ORIGINAL   KECORDS. 
Br  CAPT.  FRANCIS  DUNCAN,  R.A., 

Superintendent  of  the  Regimental  Records. 

YOL.    L   TO  THE  PEACE  OF  1783. 
With  Frontispiece.     Svo.    15$. 
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THE   CICERONE; 
OK,  ART-GUIDE   TO   PAINTING   IN   ITALY. 

FOR    THE    USE    OF    TRAVELLERS. 

BY  DB.  JACOB   BUHCKHARDT. 

Post  Svo.    6s. 


AT   HOME  WITH   THE   PATAGONIANS. 

A   YEAR'S   WANDERINGS    OVER    UNTRODDEN    GROUND    EROM    THE 
STRAITS  OF  MAGELLAN  TO  THE  RIO  NEGRO. 

BY  CAPT.  G,  CHAWOKTII  MUSTERS,  11. N. 

New  and  Papular  Edition.      "With  Map  and  Illustrations.     Post  Svo.     7s.  G<L 
Forming  the  New  Yolume  of  "Murray's  Series  of  Popular  Travels  and  Adventures." 


NOTES   OF   THOUGHT. 

BY  TOE  LATE  CHARLES  BUXTON,  M.P. 

With  a  Biographical  Sketch.    By  REV.  LLEWELLYN  DAVIES,  M.A. 
Portrait.     Crown  Svo.     105.  Qd. 


ANCIENT    HISTORY, 


FROM  THE  CREATION  TO  THE  FALL  OF  THE  WESTERN  EMPIRE, 

A.D.  1455. 

BY  PHILIP   SMITH,  B.A., 

Author  of  "Student's  Old  and  New  Testament  History." 

Fourth  Edition.     3  Vols.    Svo.    31,s.  Qd. 
*+*  A  substitute  for  Rollin's  now  antiquated  History. 


THE  CONSTITUTION  AND  THE  PRACTICE  OF 
COURTS    MARTIAL, 

With  a  Summary  of  the  Law  of  Evidence,  and  some  Notice  of  the  Criminal  Law  of 
England  with  reference  to  the  Trial  of  Civil  Offences. 

BY  CAPT.  T.   F.   SIMMONS,  K.A., 

The  late  Deputy  Judge  Advocate. 
Sixth  Edition,  revised  and  brought  down  to  1873.    8vo.    15s. 
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ARISTOTLE. 

BY  GEORGE  GROTE,  F.R.S. 

EJitcd  by  ALEXANDER  BAIX,  LL.D.,  and  0.  CROOM  ROBERTSOX,  M.A. 
2  Vols.    8vo.    3*2 v. 


NARRATIVE   OF  THE   FIRST   EXPLORATORY 
JOURNEY  TO  HIGH  TARTARY, 

YARKAND,    KASIICAK,    AN'l)    OV1-U    THE    K  VKAkOltUJI    PASS. 
I'.y  ROBERT  SHAW, 

British  Comimssionet    m  L.ulak 
AVitli  ^laps  aiul  Illustmlioiis.     8vo.     l(k 


THE   ADMINISTRATION    OF  JUSTICE  UNDER 
MILITARY   AND   MARTIAL   LAW. 

r,Y  cir.vuLKS  ^r.  CLODK, 

Of  the  Inner  Temple,  IJ.urihter-.xt-Liw,  .ind  SiOu-itoi  to  the  "  War  Department." 
Svo.     12.*. 


MOTTOES   FOR   MONUMENTS. 

A  SELECTION  OF  EPITAPHS  FOR  (JENERAt,  STUDY  AXD  APPLICATioX. 
BY  F.  i  M.  A.  rALLISEtt. 

AVlTJI   IlJTSTI!. \-TIONS  FROM   FlAXM  VN   AND  oniEKS. 

Crown  Svo.     75.  $<!. 


AN   ATLAS   OF   ANCIENT   GEOGRAPHY, 

BIBLICAL  AND  CLASSICAL. 

COMPILED  UNDER  THE  SUrERmY.XDENCE  OF 

DR.  WILLIAM  SMITH  AND  MR.  GEORGE  GROVE. 
PAKTS  I,  and  II.    With  8  Maps  each.    Folio,     2U  each. 
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THE    HISTORY   OF    BRITISH    COMMERCE, 

AND  OF  THE  PROGRESS  OF  THE  NATION,  FROM  1763  TO  1870. 


BY  PROFESSOR  LEONE  LEVI,  F.S.A., 

e  Principles  and  Practice  of  Comm 
College,  London. 

With  an  Index.     Svo.     165. 


Harrister-at-Law,  Professor  of  the  Principles  and  Practice  of  Commerce  and  Commercial  Law,  King's 

College,  London. 


THE   CHOICE   OF   A    DWELLING; 

A  PRACTICAL  HANDBOOK  OF  USEFUL  INFORMATION  ON  ALL  POINTS 
CONNECTED    WITH   A   HOUSE. 

BY  GERVASE  WHEELER 

Tldrd  Edition.     With  Woodcuts  and  Plans.     Post  Svo.     7^.  Qd. 


THE    BOOK   OF    MARCO    POLO, 

CONCERNING  THE   KINGDOMS  AND   MARVELS  OF  THE   EAST. 

A  new  English  Version.  *  Illustrated  by  the  Light  of  Oriental  Writers  and  Modern  Travels. 

BY  COLONEL  HENRY  YULE,  C.B., 

Late  of  the  Royal  Kngmeeis  (Bengal), 

With  20  Maps  and  Plates,  and  80  Illustrations.     2  Vols.     Medium  8vo.     42s. 

LETTERS  OF  ALEXANDER  POPE. 

Written  to  Lord  Orrery,  Jervas,  Broome,  Fenton,  Lord  Oxford,  Lord  Bathurst, 
Faulkner,  Mrs.  Whiteway,  &e.  &c.     NEVKU  BEFORE  PUUUSHKD. 

With  Portrait.     Svo.     10s.  6<7. 
FORMING  VOL.  VIII.  OF  EIAVIN'S  EDITION  OF  POPE'S  WORKS. 


ETRUSCAN    INSCRIPTIONS. 

ANALYZED,  TRANSLATED,  AND  COMMENTED  UPON. 
BY  THE    EARL    OF    CRAWFORD    AND    BALCAHRES. 

8vo.    12,9. 


LIFE  AND   TIMES   OF 
THE   REV.  DR.  COOKE,   OF   BELFAST. 

BY  REV.  J.  L.  PORTER,  D.D., 

Author  of  "  Five  Years  In  Damascus,"  "  The  Handbook  for  Syria  and  Palestine." 
Second  Edition.    With  Portraits.    Svo.    14s. 
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HISTORY  OF  THE    REIGN    OF   QUEEN  ANNE 

UNTIL  THE    PEACE   OF    UTRECHT,   1701-13. 

BY  EARL  STANHOPE. 

Cabinet  Edition,  with  Portrait  of  the  Author.     2  Vols.     Post  8vo.     105. 


THE    RUDE   STONE    MONUMENTS   OF   ALL 
COUNTRIES: 

THKIK  AGE  AND   USES. 
By  JAMES  FERGUSSON,  D.C.L.,  F.R.S., 

Author  of  u  'I  he  History  of  Architecture." 
With  230  Illustrations.     Medium  Svo.     2K 


LIFE   AND   TIMES   OF   ST,    CHRYSOSTOM. 

A  SKETCH  OF  THE  CHURCH  AND  THE  EMPIRE  IN  THE  FOURTH  CENTURY. 
BY  KEY.  W.  11.  W.  STEPHENS,  M.A., 

Balliol  Coll.,  Oxon,  Vicar  of  Mid-La  \\int,  Sussex. 
With  Portrait.     Svo.     15-v. 


A  NEW  AND  POPULAR    EDITION    OF 

THE   WORKS   OF   GEORGE    BORROW. 

I.-THE  GYPSIES  OP  SPAIN. 
II.-THE   BIBLE   IN   SPAIN. 
III.-LAVENGRO. 
IV.-THE   ROMANY   RYE. 

V.-WILD    WALES. 

With  Portrait.     5  vols.    Post  Svo.    5s.  each. 
%*  Each  Volume,  may  If  luul  separately. 


THE   RESULTS   OF   CHRISTIAN    MISSIONS 

IN    INDIA. 

BY  SIR  BARTLE  FRERE,  G.C.S.I.,  K.C.B.,  D.C.L. 

Small  Svo.    2s.  6d, 
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A    PRIMARY    HISTORY    OF    BRITAIN,    FOR 
ELEMENTARY    SCHOOLS. 

BY   PHILIP    SMITH,    B.A., 

Author  of <l  History  of  the  Ancient  World." 

12mo.     2,s.  6<Z. 

"This  book  is  a  Primary  History  in  no  narrow  sense.  It  is  an  honest  attempt  to 
exhibit  the  leading  facts  and  events  of  our  hiatorj',  free  from  political  and  sectarian  bias, 
and  therefore  will,  it  is  hoped,  be  found  suitable  for  schools  in  which,  children  of  various 
denominations  arc  taught," — 2*refacc, 


A  SCHOOL  MANUAL  OF  ENGLISH  GRAMMAR: 

WITH    COPIOUS    EXEKCISKS. 
BY  DR.  WM.  SMITH,  D.C.L.,  AXD  PROFESSOR  D.  HALL,  M.A. 

Tost  Svo.     3s\  (}(f. 

The  distinctive  features  of  this  ^ork  aie  : — I.  The-  \viitcrs  have  aimed  throughout  to  make  it 
a  really  serviceable  working  school-book.  "1.  It  piesrnts  a  more  complete  and  8}strmatic 
treatment  of  KnglHi  Syntax.  tt,  Examples  manufactutcd  for  the  occasion  have  been  avoided. 
4.  In  addition  to  Grammar,  Anal y MS  «/  ticHtenct'tt — llelations  of  English  to  other  Language** 
— Prosody — arid  Punctuation. 

A    PRIMARY    ENGLISH    GRAMMAR    FOR 
ELEMENTARY    SCHOOLS. 

WITH    EXERCISES   AND    QUESTIONS. 
BY  T.    D.    HALL,    M.A, 

ICmo.     K 

"This  little  book  is  not  an  abridgment  of  the  School  Manual  of  English  Grammar,  but  a 
distinct  work.  Every  sentence  in  it  has  been  framed  with  a  view  to  the  capacity  and  icquire- 
ments  of  young1  children,  from  about  PC  veil  or  eight  years  of  ngc." — Preface. 

A  SMALLER    SCRIPTURE    HISTORY. 

ARRANGED    IN    THREE    TARTS:— 

I.  OLD  TESTAMENT   IIISTOKY. 

II.  CONNECTION   OF   OLD    AND   NEW  TESTAMENTS. 
III.  NEW  TESTAMENT  IIISTOKY  TO  A.P.    70. 

EDITED    BY    WM.    SMITH,    D.C.L. 

With  40  Illustrations  (370  pp.).     One  Volume,  lOmo.     3s.  Gil 

"The  Clergy  and  Biblical  Students  well  handy  form  that  it  cannot  fail  ta  become  a 
know  the  great  value  of  Dr.  Smith's  larger  valuable  aid  to  the  less  learned  Bible  Student. 
History.  To  bring  the  leading  portions  of  Dr.  \Vm.  Smith's  labours  are  so  well  known 
that  work  within  the  means  of  Young  Persons,  that  it  is  unnecessary  to  add  more  than  that 
*A  Smaller  Scripture  History*  has  been  he  has  produced  the  best  modern  book  of  its- 
issued.  This  abridgment  omits  nothing  of  kind  on  the  best  book  of  all  days  and  all 
vital  importance,  and  is  presented  in  such  a  time." — People's  Magazine. 
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